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Product Status Definitions

Definition of Terms

Definition

Data Sheet Identification | Product Status

Formative or
In Design

This data sheet contains the design specifications for product
development. Specifications may change in any manner without notice.

First
Production

This data sheet contains preliminary data, and supplementary data will
be published at a later date. National Semiconductor Corporation
reserves the right to make changes at any time without notice in order
to improve design and supply the best possible product.

Full
Production

This data sheet contains final specifications. National Semiconductor
Corporation reserves the right to make changes at any time without
notice in order to improve design and supply the best possible product.

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.
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INTRODUCTION

National Semiconductor is a leading supplier of low voltage
semiconductors and offers an extensive breadth of low volt-
age products targeted for battery-operated and high perform-
ance computing systems. This data book, which contains
National's initial low voltage portfolio, demonstrates a strong
commitment to the future of low voltage semiconductor in-
tensive applications. As National’s low voltage portfolio con-
tinues to grow so will the data book. Future low voitage de-
vices will be included in subsequent editions of the Low Volt-
age Data Book.

This data book is a design tool for deS|gn component and
system engineers to support low voltage system designs with
National components. The products found in this data book
are specified for low voltage operation and include Logic,
Interface, Clock Circuits, Linear, ASIC, Memory and Embed-
ded Controllers. Also included is technlcal information rele-

“vant to low voltage de5|gns

The Low Voltage Data Book is consistent with National
Semiconductor’s mission to excel in serving chosen markets,
by delivering semiconductor-intensive products and services
of the highest quality and value, thereby providing a competi-
tive advantage to our customers worldwide.
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LVQ Descriptions and Family Characteristics

In 1985, a family of high speed advanced CMOS circuits
was introduced. FACT™ (Fairchild Advanced CMOS Tech-

nology) Logic offered a combination of high speed, low pow- .

er dissipation, high noise immunity, wide fanout capability,
extended power supply range and high reliability.
“The 1.3-micron silicon gate CMOS process utilized in this
family was proven in the field of high performance gate ar-
rays, CMOS ASIC, and FACT. It was further enhanced to
meet JEDEC standards for 74ACXX logic. In 1989, National
. Semiconductor introduced the FACT Quiet Series™ prod-
uct line. This line of mostly octal bus-oriented logic functions
is an enhancement of the original FACT line. Manufactured
on a sub-micron silicon gate CMOS process, the FACT QS
devices offer the lowest noise characteristics of any Ad-
- vanced CMOS process with AC performance that is faster
than FACT. .
National's introduction of Low Voltage CMOS products in
1992 incorporates the advantages found in both the FACT
and FACT QS product lines. The 'LVQ product line operates
‘at 3.3V +0.3V and uses the Quiet Series design techniques
in the octal functions.
This data book describes the product line with device speci-
fication as well as material discussing design considerations
and compares the 'LVQ family to predecessor technologies.

Characteristics.

m Operating range 3V -+0.3V Guaranteed (operation from
2V-6V Vpp)

# Industry Standard Functions and Pinouts

m Common Output Specifications for Standard Gates and
Buffer/Drivers

® Temperature Range

— Commercial —40°C to +85°C

— Military —55°C to +125°C

Improved ESD Protection, typically >4000V

Improved Latch-Up Immunity

Guaranteed incident wave switching into 759

Ideal for low power/low noise 3.3V applications

Implements patented Quiet Series EMI reduction

circuitry

m Guaranteed simultaneous switching noise level and
dynamic threshold performance

Interfacing -

While 'LVQ devices have a wide operating voltage range
(Vbpb = 2 Vpg to 6 Vpg), the specs herein are guaranteed
for 3V 0.3V operation.’LVQ has sufficient current drive to
interface with most other logic families available today, with
CMOS input switching levels and buffered CMOS outputs
that can drive £12 mA of Ioy and lg_ current. Industry stan-
dard nomenclature and pinouts are used. See the section
titled Design Considerations, for more details.

Low Voltage/Low Power CMOS
Operation

Low power dissipation has always been the hallmark of

. CMOS devices. Together with a low voltage operating envi-

ronment, the combination is unbeatable for battery operated
computing systems such as laptop computers, notebook
PCs, pen-based systems and palmtops.

In the quiescent state, ’LVQ draws 1000 times less power

than the equivalent LS or ALS TTL device. This enhances:

system reliability, because costly regulated high current
power supplies, heat sinks and fans are eliminated. Power
consumption of various technologies with a clock frequency
of 1 MHz is shown below.

Lva = 0.1 mW/Gate
HCMOS = 0.1 mW/Gate
FACT = 0.1 mW/Gate
ALS = 1.2 mW/Gate
LS = 2.0 mW/Gate

Figure 1.1-1 illustrates the effects of Ipp versus power sup-
ply voltage (Vpp) for two load capacitance values: 50 pF
and stray capacitance. The clock frequency was 1 MHz for
the measurements.

500 4+
4004 & = 50pF @ 1 MHz
=
S 3004
o
s
200 +
100 G = Fixture Cepacitance
@ 1 MHz
0 ; f f
] 2 4 6
Vpp (Volts)

TL/F/10976-1
FIGURE 1.1-1. Ipp vs Vpp
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LVQ Descriptions and Family Characteristics

Product Comparison )
Feature Lva FACT AC/ACT FACT ACQ/ACTQ
Dynamic line driving guaranteed to | Yes* Yes Yes
switch on incident wave into loLp = 36 mA loLp/loHp: =75 mA loLo/loHp: £75 mA
transmission line impedance as low | |55 = —25 mA

as 500 at +85°C; 750 at +125°C

Guaranteed High Output Drive

lou/loH: £12mA

loL/loH: £24 mA

loL/lon: 24 mA

Very High Speed Frequency <1 ns Internal Gate Delay; 1 ns Internal Gate Delay; | <1 ns Internal Gate Delay;
up to 100 MHz up to 100 MHz up to 100 MHz
Toggle Frequency Toggle Frequency - Toggle Frequency
CMOS Power 5 pW/Gate 5 uW/Gate 5 uW/Gate
CMOS Input Loading +1 pA +1pA 1 pA
Extended Operating Voltage Range | 2.0V to 6.0V 2.0Vto 6.0V 2.0Vt0 6.0V
DC/AC Characteristics Guaranteed | 3.3V +£0.3V 3Vand 5V +10% 3Vand5V +10%
Excellent Symmetrical Noise 0.9V High 1.55V High; 1.55V Low 1.55V High; 1.55V Low
Margin (CMOS Inputs) - 0.7VLow - )
Dynamic Thresholds Maximum 2.0V High Maximum 2.2V High
(TTL-Compatible Inputs) (ViHD); Minimum 0.8V (ViHD); Minimum 0.8V
Low (ViLp) Low (ViLp)

Guaranteed Latchup Immunity

+300 mA at +125°C

+100 mA at +125°C

+300 mA at +125°C

ESD Immunity

MIL Class 2 (2,000V —
3,999V); Typical 6,000V

MIL Class 2 {2,000V —
3,999V); Typical 6,000V

MIL Class 2 (2,000V —
3,999V); Typical 6,000V

Pin-to-Pin Output Propagation
Delay Skew (Maximum)

1.5 ns (tpg); Typical 1.0 ns

1.0 ns (tog); Typical 0.5 ns

Guaranteed Output Noise Levels
(Maximum)

Octals: 0.8V Vg p (Ground Bounce);
—0.8V VoLy (Undershoot)

2.1V Vop (Ground
Bounce); —1.2V VpoLy

Others: See Datasheet Guarantees (Undershoot)
Inherently Radiation Tolerant Yes Yes Yes
Inputs Compatible with: CMOS LvQ AC ACQ
TTL Lva ACT ACTQ
Full Compatibility (Function, Part Yes Yes Yes (=8 Bits)

Number, Pinout) with Standard
54/74 Functions

*Dynamic line driving guaranteed to switch on incident wave into transmission line impedance as low as 750 at +85°C.




AC Performance

In comparison to LS, ALS and HC families, 'LVQ devices
have faster internal gate delays as well as the basic gate
delays. Additionally, as the level.of integration increases,
’LVQ logic lends itself to systems operating up to 33 MHz
while maintaining low power consumption.

The examples below describe typical values for a 74XX138,
3-t0-8 line decoder and a 74xx244 line driver.

138 ‘
Lva = 8.0ns@C_ = 50 pF at 3.3V
FACTAC = 6.0ns @ C_ = 50 pF at 5.0V
ALS = 12.0 ns @ C| = 50 pF at 5.0V
LS = 220ns @ C| = 15 pF at 5.0V
HC = 17.5ns @ C, = 50 pF at 5.0V

1244
LvQ = 7.0ns @C_ = 50 pF at 3.3V
FACTACQ = 4.0ns@C_ = 50 pF at 5.0V
FACTAC = 5.0ns@C_ = 50 pF at 5.0V
ALS = 7.0ns@C_ = 50 pF at 5.0V
LS = 120 ns @ C|_ = 45 pF at 5.0V
HC = 14.0 ns @ C| = 50 pF at 5.0V

"LVQ AC performance specifications are guaranteed at 3.3V
+0.3V. For worst case design at 2.0V Vpp on all device
types, the formula below can be used to determine AC per-
formance.

AC performance at 2.0V Vpp = 1.9 X AC specification at

3.3V. :

Multiple Output Switching

Propagation delay is affected by the number of outputs
switching simultaneously. Typically, devices with more than
one output will follow the rule: for each output switching,
derate the databook specification by 250 ps. This effect typ-
ically is not significant on an octal device unless more than
four outputs are switching simultaneously. This derating is
valid for the entire temperature range and 3.3V +0.3V Vpp.

Noise Immunity

The DC noise immunity of a logic family is also an important
equipment cost factor in terms of decoupling components,
power supply dynamic resistance and regulation as well as
layout rules for PC boards and signal cables.

The comparisons shown describe the difference between
the input threshold of a device and the output voltage,
Vit = VoLl/IViq — Von| at worst case Vpp.

LvQ = 0.7V/0.9V @3.0V Vpp
FACT = 1.25V/1.25V @4.5V Vpp
ALS = 0.4V/0.7V @ 4.5V Vpp
LS = 0.3V/0.7V @ 4.75V Vpp
HC = 0.8V/1.25V @ 4.5V Vpp

Output Characteristics

All 'LVQ outputs are buffered to ensure consistent output
voltage and current specifications across the family. Two
clamp diodes are internally connected to the output pin to
suppress voltage overshoot and undershoot in noisy system
application which can result from impedance mismatching.
The balanced output design allows for controlled edge rates
and equal rise and fall times. In order to minimize device
generated noise, the octal devices incorporate Quiet Series
technology design and process techniques. All SSI and oc-
tal 'LVQ devices are guaranteed to sink and source 12 mA.
The 'LVQ devices are capable of driving 750 transmission
lines.

loL/lon Characteristics

Lva = 12 mA/—12 mA @3.0V Vpp

FACT AC/ACT = 24 mA/—24 mA @4.5V Vpp

FACT ACQ/ACTQ = 24 mA/—24 mA @4.5V Vpp

ALS = 24 mA/—15 mA @4.5V Vpp

LS = 8 mA/—0.4 mA @4.75V Vpp

HC = 4mA/—4 mA @4.5V Vpp
Dynamic Output Drive

Traditionally, in order to predict what incident wave voltages
would occur in a system, the designer was required to do an
output analysis using a Bergeron diagram. Not only is this a
long and time consuming operation, but the designer need-
ed to depend upon the accuracy and reliability of the manu-
facturer-supplied “typical” output 1/V curve. Additionally,
there was no way to guarantee that any supplied device
would meet these “typical” performance values across the
operating voltage and temperature limits. Fortunately for the
system designers, 'LVQ has taken the necessary steps to
guarantee incident wave switching on transmission lines
with impedances as low as 75Q for the commercial temper-
ature range.

Figure 1.1-2 shows a Bergeron diagram for switching both
HIGH-to-LOW and LOW-to-HIGH. On the right side of the
graph (loyt > 0), are the Von and i curves for 'LVQ logic
while on the left side (loyt < 0), are the curves for Vo and
liL. Although we will only discuss here the LOW-to-HIGH
transition, the information presented may be applied to a
HIGH-to-LOW transition.

Begin analysis at the Vo (quiescent) point. This is the inter-
section of the Vo /loL curve for the output and the V|N/Iin
curve for the input. For CMOS inputs and outputs, this point
will be approximately 100 mV. Then draw a 75 load line
from this intersection to the Von/loy curve as shown by
Line 1. This intersection is the voltage that the incident
wave will have. Here it occurs at approximately 2.85V. Then
draw a line with a slope of —75Q from this first intersection
point to the V|N/IiN curve as shown by Line 2. This second
intersection will be the first reflection back from the input
gate. Continue this process of drawing the load lines from
each intersection to the next. Lines terminating on the
Vou/loH curve should have positive slopes while lines ter-
minating on the V|N/ljN curve should have negative slopes.
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LVQ Descriptions and Family Characteristics

Dynamic Output Drive (continued)

5

3 HIGH-TO-LOW
\ Vo lou
2 ot

Volt; v) -

LINE 1
SLOPE=750

LINE 2
SLOPE=~75Q

Vou/lok

/

LOW-TO-HIGH

©100

Current (mA)
. FIGURE 1.1-2. Gate DrIvIng 750 Line Reflectlon Diagram

Each intersection point predicts the voltage of each reflect-
ed wave on the transmlssnon line. Intersection points on the
VoH/ loH curve will be waves travelling from the driver to the
receiver while intersection points on the V|n/Iiy curve will
be waves travelling from the receiver to the driver.”

While this exercise can be done for 'LVQ, it is no longer
necessary. 'LVQ is guaranteed to drive an incident wave of
enough voltage to switch another 'LVQ input.

We, can calculate what current is required ‘by looking at the
Bergeron diagram. The quiescent voltage on the line will be
within 100 mV of either rail. We know what voltage is re-
quired to guarantee a valid voltage at the receiver. This is
either at Vi or Vj_ levels. The formula for calculating the
current and voltage required is |(Vog — V|)/Zo| at V. For
Voq = 100 mV, V|y = 2.00V, Vpp = 3.6V and Zg =759,
the required lpy at 2.0V is 25.0 mA. For the HIGH-to-LOW
transition, Voq = 3.5V, V|L = 0.8V and Zp = 75Q, g is
36 mA at 0.8V. 'LVQ’s I/0 specifications include these lim-
its. For transmission lines with impedances greater than
75Q, the current requurements are less and sw1tch|ng is still
guaranteed.

Itis important to note that the typical 12 mA DC drive spem-
fication is not adequate to guarantee incidént wave switch-
ing. The only way to guarantee this is to guarantee the cur-
rent required to switch a transmission line from the output
quiescent point to the valid V| level.

TL/F/10976-2

The following performance charts are provided in order to
aid the designer in determining dynamic output current drive
of 'LVQ devices with various power supply voltages.

7

ST | /-an = 5.0V

6

5 . i
Voo 7 33

4Vpp = 4.5V

3 — N

N

N
AN
VA

A

Voltage (V)
N

7

| e

R
| /-

Vpp = 3.0V o
" ol , . .
: 0 -40 -80  -120 ~-160
Current (mA)

=200

TL/F/10976-3
FIGURE 1.1-3. Output Characteristics
Vou/lon, 'LVQ244 :
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Dynamic Output Drive (continued)

| | 7
L Vp = 5.5V | 6
2 | [ Yoo =50V
t— Voo = 4.5V 5
U Vop. = 3.6V N
\ | oo = 33 2
bvop = 30V— 3
\ g
Q \ \ 2 n;:
0
-1
‘ . . - . 1,
200 160 120 80 40 )

Current (mA)

- TUF0976-4

FIGURE 1.1-4. Output Characteristics
VoL/loL, 'LVQ244

Vpp = 3.3V, T, = 25°C

T Vin/h
6__
54
~ 47T
Z
s °T
£ 2+
s
14
04
-14
-2 : : C

Current (mA)

TL/F/10976-5
FIGURE 1.1-5. Input Characteristics V|nN/liN

Choice of Voltage Specifications

To obtain better performance and higher density, semicon-
ductor technologies are reducing the vertical and horizontal
dimensions of integrated device structures. Due to a num-
ber of electrical limitations in the manufacture of VLSI devic-
es and the need for low voltage operation in.memory cards,
it was decided by the JEDEC committee to establish inter-
face standards for devices operating at 3.3V +0.3V. To this

‘end, National Semiconductor guarantees all of its devices

operational at 3.3V £0.3V.

Operating Voltage Ranges

Lva = 3.3V 0.3V (LVQ)

FACT = 2.0V to 6.0V ('AG/'ACQ)
FACT = 5.0V £10% (ACT/'ACTQ)
FACT = 5.0V £5% (FCT/'FCTA)
HC = 2.0V to 6.0V '

Logic Comparisons

Figure 1.1-6 shows the relative position of various logic fam-
ilies in speed/power performance. 'LVQ exhibits 1 ns inter-
nal propagation delays while consuming 1 uW of power.
The Logic Family Comparisons table below summarizes the
key performance specifications for various competitive tech-
nology logic families.

10
SPEED VS. POWER

5 8

z o

= oHC otls

Fo v

]

3

s 41 - ® ALS

z .

5

:'E 2 @ FAST
@FACT/LVQ @FAST LS| ®4AS
@ FACT QS/FACT FCT

0.001 03 1.0 3.0 10.0

Power Per Gate {mW) .
(Not to scale)
TL/F/10976-6
" FIGURE 1.1-6, Internal Gate Delays
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LVQ Descriptions and Family Characteristics

General Characteristics (ai Max Ratings)

Symbol Characteristics Lva FACT — Units
‘ . 'AC/’'ACQ 'ACT/’ACTQ - HCMOS
Vco/ee/pp | Operating Voltage Range 3.3 £0.3V 5+5% 5 £10% 5+10% v
Ta 74 Series | Operating —40to +85 —40to +85 —40to +85 —40to +85 c
Ta 54 Series | Temperature Range —55t0 +125 —55t0 +125 —55t0 +125 —55t0 +125
Vi1 (Min) Input Voltage 2.0 3.15 3.85 20" v
ViL Max) | (Limits) 0.8 0.9 1.65 08 K
VoH (Min) Output Vbltage Vpp — 0.1 Vpp — 0.1 Vpp — 0.1 Vpp — 0.1 v
VoL Max) | (Limits) 0.1 0.1 0.1 0.1 v
IH Input Current +1.0 +1.0 +1.0 +1.0 pA
e -1.0 -1.0 -1.0 -1.0 nA
loH Output Current —12@Vpp—0.54 | —24 @ Vpp ~'08| —24e@ Vpp — 08| —40@Vpp — 0.8 mA
oL at Vo (Limit) 12@0.44V 4.0 @0.4V 24 @ 0.44V 40@0.4V mA
Do Egv';';’l'_:gm\'f;; - a5V &2(2'19) ‘ 1.25/1.25 0.7/2.4 0.8/1.25 v
Note: All DC parameters are specified over the commercial temperature range.
Note 1: At Vpp = 3.0V ‘ R
Speed/Power Characteristics (ai Typical Ratings)
Symbol Characteristics LvQ FACTAC HCMOS Units
I} Quiescent Supply Current/Gate 0.0005 0.0005 0.0005 mA
Pg Power/Gate (Quiescent) 0.0015 0.0025 0.0025 mw
tpd Propagation Delay ('244 Typ.) 7.0 5.0 14.0 ns
Speed Power Product 0.01 0.01 0.04 pJ
frmax Clock Frequency D/FF 125 160 50 MHz
tPLH/tPHL 74XX00 Typ 7.0 5.0 8.0 ns
Max 10.0 8.5 23.0 ns
tpLH/tPHL 74XX74 Typ 10.5 8.0 12.0 ns
(Clockto Q) Max 13.5 105 44.0 ns
tPLH/tPHL 74XX163 Typ — 5.0 20.0 ns
(Clock to Q) Max — 10.0 52.0 ns

Conditions: (LVQ) Vpp = 3.3V £0.3V, Cy = 50 pF, Over Temperature: —40°C to +85°C.
{HC/FACT) Vpp = 5.0V £10%, C_ = 50 pF, Over Temp, Max values at —40°C to +85°C for HC/FACT.

FIGURE 1.1-7. Logic Family Comparisons
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Circuit Characteristics

POWER DISSIPATION

One advantage to using CMOS logic is its extremely low
power consumption. During quiescent conditions, 'LVQ will
consume several orders of magnitude less current than its
bipolar counterparts. But DC power consumption is not the
whole picture. Any circuit will have AC power consumption,
whether it is built with CMOS or bipolar technologies.
Total power dissipation of 'LVQ device under AC conditions
is a function of three basic sources, quiescent power, inter-
nal dynamic power, and output dynamic power dissipation.
Firstly, an 'LVQ device will dissipate power in the quiescent
or static condition. This can be calculated by using the for-
mula: (Note: In many datasheets Ipp, Alpp, IppT, and Vpp
are referred to as Icg, Alce, lcoT, and Vg, respectively.
There are no differences.)
Eq. 1 PDQ = IDD L4 VDD
PDq = Quiescent Power Dissipation
Ipp = Quiescent Power Supply Current Drain
Vpp = Power Supply Voltage
Secondly, an 'LVQ device will dissipate power dynamically
by charging and discharging internal capacitance. This can
be calculated by using one of the following two formulas:
Eq. 2
PDINT = (Cpp ® Vs * 1) ® VD
PD|NT = Internal Dynamic Power
Dissipation
= Device Power Dissipation
Capacitance
Vs = Output Voltage Swing
f = Internal Frequency of
Operation
Vpp = Power Supply Voltage
Cpp values are specified for each 'LVQ device and are mea-
sured per JEDEGC standards as described later on in the
section titled Ratings, Specifications, and Waveforms. On
'LVQ device data sheets, Cpp is a typical value and is given
either for the package or for the individual stages with the
device (see the section titled Ratings, Specifications, and
Waveforms). For 'LVQ devices, Vg and Vpp are the same
value and can be replaced by Vpp2 in the above formula.
Thirdly, an 'LVQ device will dissipate power dynamically by
charging and discharging any load capacitance. This can be
calculated by using the following formula:
Eq.8 PDoyr = (CL* Vg *f)* Vpp
PDoyt = Output Power Dissipation

Cep

CL = Load Capacitance

Vs = Output Voltage Swing

f = Output Operating Frequency
Vpp = Power Supply Voltage

In many cases the output frequency is the same as the in-
ternal operation frequency. Also Vg is similar to Vpp and
can be replaced by Vpp2. In the case of internal and output
frequencies being identical Eq. 2 and Eq. 3 may be com-
bined as follows:

Eq.4 PD = (C_+ Cpp)* Vpp2ef

The total 'LVQ device power dissipation is the sum of the
quiescent power and all of the dynamic power dissipation.
This is best described as:

Eq.5 PDrotAL = PDg + PDpynamic of
PDrotaL = PDq + PDiNT + PDout

The following is an exercise in calculating total dynamic Ipp

for the 'LVQ family. The device used as an example is the

'LVQ374. Static Ipp, Ippt and Cpp numbers can be found in

the 'LVQ374 data sheet. Ipp numbers used will be worst-

case commercial guarantees. Room temperature power will
be less. These are approximate worst-case calculations.

The results are compared with 'ACQ374.

The following assumptions have been made:

1. Ipp will be calculated per input/output (as per JEDEC
Cpp calculations). The total for the 'LVQ374 will be the
calculated Ipp X 8.

. Worst case conditions and JEDEC would require that the
data is being toggled at the clock frequency in order to
change the outputs at the maximum rate (%, CP).

3. The data and clock input signals are derived from TTL

level drivers (OV to 3.0V swing) at 50% duty cycle.

The clock frequency is 16 MHz.

Ipp will be calculated for C;. = 50 pF, 100 pF and 150 pF.

Vpp = 3V.

Total POWER dissipation can be obtained by muiltiplying

total Ipp by Vpp (3.0V).

8. Quiescent Ipp will be neglected in the total Ipp calcula-
tion because it is 1000 times less than dynamic Ipp.

. There is no DC load on the outputs, i.e. outputs are either

unterminated or terminated with series or AC shunt termi-

nation.

The Ipp calculations are as follows:

N oo~ N

©

Ipp Total = Internal Switching Ipp + Output Switching
(AC load) Ipp
Internal Ipp = (Vswing) X (Cpp) X (CP freq)

(3.0) X (40 X'10—12) X (16 X 10t6)
1.92 mA per input being toggled by CP
Outputlpp = (Vswing X (Cp) X (Q freq)

a)C_ = 50 pF
(8.0) X (50 X 10—12) X (8 X 10+6)
1.2 mA per output toggled at 1> CP

Il

I

b)CL = 100 pF
= (3.0) X (100 X 10—12) X (8 X 10+6)
= 2.4 mA per output toggled at /> CP
c)C = 150 pF

(3.0) X (150 X 10—12) X (8 X 10t6)
= 4.8 mA per output toggled at >, CP

The combination of lower operating voltage and low CMOS
power dissipation can be seen more clearly in this example
at various capacitive loads.

Adding Internal and Output Ipp together and multiplying by
8 1/0 per 'LVQ374, the approximate worst-case Ipp calcu-
lated results are as follows:
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LVQ Descriptions and Family Characteristics

Circuit Characterlstlcs (Continued)

Device CL Ipp Total

'LVQ374 50 pF 25mAor749mws

'ACQ374 50 pF 42.9 mA or 214.5 mW*

'LvQ374 100 pF 34.6 mA or 103.7 mW*

'ACQ374 100 pF 58.8 mA or 294.5 mW™*

'LVQ374 150 pF 53.8 mA or 161.3 mW*

'ACQ374 150 pF 90.9 mA or 454.5 mW*

*Power is obtained by multiplying Ipp by Vpp; CP = 16 MHz. .

SPECIFICATION DERIVATION 16 — . o
At first glance, the specifications for 'LVQ logic mlght ap- Vpp = 3.3V

pear to be widely spread, possibly indicating wide design
margins are required. However; several effects are reflected
in each specification.

Figures 1.1-10a through 1. 1-10e illustrate how the data from
the characterization of actual devices is transformed into
the specifications that appear on the data sheet. This data
is taken from the 'LVQ244.

Figure 1.1-10a shows the data taken (from one part) on a
typical, single path, tpy|, over temperature at 3.3V; there is
negligible variation in the value of tpy. The next graph,
Figure 1.1-10b, depicts data taken on the same device,; this
set of curves represents the data on all paths. The data on
this plot indicates only a small variation for tp -

The graphs in Figures 1.1-10a-b include data at 3.3V; Fig-
ure 1.1-10c shows the variation of delay times over the
standard 3.3V 0.3V voltage range. Note there is only a
1 6% variation in delay time due to voltage effects.

Now refer to Figure 1.1-10d which illustrates the process
effects on delay time. This graph indicates that the process
effects contribute to the spread in specifications more than
any other factor in that the effects of the theoretical process
spread can increase or decrease specification times by
30%. Because this 30% spread represents considerably
more than *3 standard deviations, this guarantees an in-
crease in the manufacturability and the quality level of 'LVQ
product. To further ensure parts within. specification will
pass on testers at the limits of calibration, tester guard-
bands are incorporated. ‘

With voltage and process effects added (Figure 1.7-10e),
the full range of the specification can be seen. For refer-
ence, the data sheet values are shown on the graph.

This linear behavior with temperature and voltage is typical
of CMOS. Although the graphs are drawn for a specific de-
vice, other part types have very similar graphical represen-
tations. Therefore, for performance-critical applications,
where not all variables need to be taken into account at
once, the user can narrow the specifications. For example,
all parts in a critically timed subcircuit are together on a
board, so it may be assumed the devices are at the same
supply and temperature.

The same reasoning can be applled to setup and hold
times. Consider the 'LVQ74. The setup time is 4.0 ns while
the hold time is 0.5 ns. Theoretically, if these numbers were
violated, the device would malfunction; however, in actuali-
ty, the device probably will not malfunction. Looking at the
typical setup and hold times gives a better understanding of
the device operation.

14 +
12 +
10 + B
8———"‘—-—_1_\‘[22_4_4______—-—-—‘—.'__'
6 - -

44
2+
0 +———+—————+—
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Temperature (°C)

TL/F/10976-7
FIGURE 1.1-10a. tpy. Single Path
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FIGURE 1.1-10¢. Voltage Effects on Delay Times




Circuit Characteristics (continued)
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FIGURE 1.1-10d. LVQ Process Effects on Delay Times
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FIGURE 1.1-10e. tpy, 'LVQ244, with Voltage and Process Variation

At 25°C and 3.3V, the setup time is 1.5 ns while the hold
time is —2.0 ns. They are virtually the same; a positive set-
up time means the control signal to be valid before the clock
edge, a positive hold time indicates the control signal will be
held valid after the clock edge for the specified time, and a
negative hold time means the control signal can transition
before the clock edge. 'LVQ devices were designed to be as
immune to metastability as possible. This is reflected in the
typical specifications. The true “critical” time where the in-
put is actually sampled is extremely short: less than 50 ps.

By applying the same reasoning as we did to the propaga-
tion delays to the setup and hold times, it becomes obvious
that the spread from setup to hold time (3.5 ns worst-case)
really covers devices across the entire process/tempera-
ture/voltage spread. The real difference between the setup
and hold times for any single device, at a specified tempera-
ture and voltage, is negligible.

CAPACITIVE LOADING EFFECTS

In addition to temperature and power supply effects, capaci-
tive loading effects for loads greater than 50 pF should be

TL/F/10976-10

taken into account for propagation delays of 'LVQ devices.
Minimum delay numbers may be determined from the table
below. Propagation delay are measured to the 50% point of
the output waveform.

Voltage (V)

Parameter Units

30 | 45 | 55

tpLH 'LVQ Gates 31 22 19
'LVQOctals | 34 | 19 | 19 | PS/PF

toy. ‘LVQGates | 18 | 13 | 13
" LvQOetals | 32 | 22 | 20 | PS/PF

Ta = 25°C

Figures 1.1-11 and 7.7-12 describe propagation delays on
'LVQ devices as affected by variations in power supply volt-
age (Vpp) and lumped load capacitance (Cp). Figures
1.7-13 and 1.7-14 show the effects of lumped load capaci-
tance on rise and fall times for 'LVQ devices.
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LVQ Descriptions and Family Characteristics

Circuit Characteristics (continued)
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Circuit Characteristics (continued)
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FIGURE 1.1-14. tg5; (Vi — V|H) vs Capacitance

P-Channel MOS Input
A
+Vpp !

LATCH-UP

A major problem with CMOS has been its sensitivity to
latch-up, usually attributed to high parasitic gains and high
input impedance. 'LVQ logic is guaranteed not to latch-up
with dynamic currents of 100 mA (300 mA for Octals) forced
into or out of the inputs or the outputs under worst case
conditions (Ta = 125°C and Vpp = 3.6 Vpg). At room tem-
perature the parts can typically withstand dynamic currents
of close to 1A. For most designs, latch-up will not be a
problem, but the designer should be aware of its causes and
how to prevent it.

Devices are designed to reduce the possibility of latch-up
occurring; National Semiconductor accomplished this by
lowering the gain of the parasitic transistors, reducing sub-
strate and p-well resistivity to increase external drive current
required to cause a parasitic to turn ON, and careful design
and layout to minimize the substrate-injected current cou-
pling to other circuit areas. '

ELECTROSTATIC DISCHARGE (ESD) SENSITIVITY

'LVQ circuits show excellent resistance to ESD-type dam-
age. These logic devices are classified as category “B” of
MIL-STD-883C, test method 3015, and withstand in excess
of 4000V typically. 'LVQ logic is guaranteed to have 2000V
ESD immunity on all inputs and outputs. 'LVQ parts do not
require any special handling procedures. However, normal
handling precautions should be observed as in the case of

_ any semiconductor device.

Figure 1.1-16 shows the ESD test circuit used in the sensi-
tivity analysis for this specification. Figure 1.1-17 is the pulse
waveform required to perform the sensitivity test.

N-Channel MOS
A

Output

L

P=Well

Rl N - Epi
R, 6=10 ohm=-cm
AAA
YVV

Ry > >R,
Ry IRy =R,

N+ Substrate
0.008-0.25 ohm=-cm

TL/F/10976-16

FIGURE 1.1-15. CMOS EPI! Process Cross Section with Latch-up Circuit Model
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LVQ Descriptions and Family Characteristics

Circuit Characteristics (continued)

The test procedure is as follows; five pulses, each of at
least 2000V, are applied to every combination of pins with a
five second cool-down period between each pulse. The po-
larity is then reversed and the same procedure, pulse and
pin combination used for an additional five discharges. Con-
tinue until all pins have been tested. If none of the devices
from the sample population fails the DC and AC test charac-
teristics, the device shall be classified as category B of MIL-

RY = 800KA (min) .

STD-883C, TM-3015. Devices that result in ESD immunity in
the 2000V-3999V range are listed as ESD Class 2. Devices
that result in ESD immunity in the 4000+ V range are listed
as ESD Class 3. b

For further specifications of TM-3015, refer to the relevant
standard. The voltage is increased and the testing proce-
dure is again performed; this entire process is repeated until
all pins fail. This is done to thoroughly evaluate all pins.

36 0 (max) High Voitage R2 = 15000
1 O Relay c - pre——
Y | ey @
Charge Discharge . Calibrate
‘ [ ]
. w Test
Regulated
. C1 = 100pF
High Voltage . DC — P ouT Waveform
Supply Voltmeter T RS = 15000 Terminals

TL/F/10976-17

FIGURE 1.1-16. ESD Test Circuit
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FIGURE 1.1-17. ESD Pulse Waveform
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Circuit Characteristics (continued)

RADIATION TOLERANCE

Information on radiation tolerance is included in this data-
book but does not imply testing has been performed on
'LVQ devices. Semiconductors subjected to radiation envi-
ronments undergo degradation in operating life as their ex-
posure to radiation increases. As technology advances, so
does the demand for radiation-tolerant devices. National
met this challenge by developing the FACT family into a
comprehensive radiation tolerant product for present and
future rad-hard needs. Such applications include:

¢ Space (Commercial and Military)
— Satellites | '

— Space Stations

® Airborne and Military (Tactical Arena)
— Fighters/Bombers

— Missile Systems

— Ground Based Systems

— Navigation & Communications
* Commercial ‘

— Power Stations

— Medical

— Food and Bactenal Control

Radiation tolerant semiconductors increase the useful life of
the product in which they are incorporated. Additionally, ra-
diation tolerant devices reduce shielding requirements and
improve stabilization of parametric performancs, resulting in
cost reductions for shleldlng and weight, reduce power con-
sumption and size.

SUMMARY OF TESTING
600

rad (Si)
“sec

514

Dose Rate: 215
kTemp 25°C
400 |~

500

300

200 189

Ipp (Standby Current) = uA

100

- .0

0 100 200 300 400 500 §00 700 800 900 1000

Total lonization = [krad (S1)]
TL/F/10976~18
FIGURE 1.1- 18. Total Dose Response (54AC245)

Total dose irradiation is presently performed “‘in-house” us-
ing a AECL Gamma Cell 220, Cobalt-60, source (National
Bureau of Standards certified). Step-stress radiation testing
is performed on each part-type per MIL STD 883 Method
1019.3. After each total dose ievel, a complete parametric
test (DC and AC) is done and the parametric values evaluat-
ed.

FACT IS RADIATION TOLERANT

FACT logic employs the use of thin gate oxides, oxidation
cycles, and annealing steps that enhance the tolerance of
the standard FACT product line.

FACT's epitaxial layer and low-fesistivity substrate provide
inherent latch-up immunity under dose rate and single event
phenomenon (SEP) conditions.

Figure 1.1-18 shows a FACT 'AC245 Ipp supply current ver-
sus total dose radiation. With the exception of Ipp and loz,
all FACT devices tested to date suffer no parametric degra-
dation or functional failures up to several hundred krads.
Due to circuit and layout differences, each function has a
unique response to radiation. Relaxed limits for Ipp and loz
are per the applicable /750XX slash sheet, standard military
drawing (SMD), or datasheet. )

DOSE RATE TEST RESULTS

Analysis of the FACT 54AC299 8-Bit Universal Shift Regis-
ter upset test data indicates that minimum upset threshold
levels occurred under the worst-case conditions of a wide
pulse (1 ps), lowest Vpp voltage (4.0V DC), and the DUT in
the dynamic operating mode

Measured minimum upset levels were 1.90 to 2. 22 X 109
rad(Si)/sec. Narrow pulse (50 ns) data demonstrated radia-
tion upset levels from 4.40 to 5. 66 X 109 rad(Sn)/sec under
dynamic operation.

Upon completion of radiation upset testing, latchup and sur-
vivability tests were performed at +25°C, +80°C, +100°C,
and +116°C for Vpp = 4.5V DC, 5.0V DC, and 5.5V DC.
Test results indicated no latchup occurred for either narrow
pulse (50 ns) or wide pulse (1 ms) radiation. The radiation
test level for narrow pulse was 1010 rad(Si)/sec at +25°C.
Due to the heating of the circuit, the highest radiation level
was limited at +-116°C to 7.5 X 109 rad(Si)/sec.

After completion of latchup and survivability tests, verifica-
tion of latchup windows was performed. Test results indi-
cate no existence of latchup windows under worst case
conditions for narrow and wide pulse radiation. )

LOW VOLTAGE LOGIC

Employing a low voltage power system not only reduces the
magnitude of the radiation-induced leakage current, but also
minimizes the threshold voltage shifts and the total dose
enhancement of the “hot electron” effect. Dose rate and
SEP (Single Event Phenomena) latchup performance is also
improved.

Care must be used when using a low-voltage power system
in a radiation environment. While improvements are ob-
served as previously mentioned, there are trade-offs to be
considered, particularly concerning non-radiation perform-
ance. However, one issue of concern in the radiation envi-
ronment is radiation-induced upset due to dose rate or SEP.
As ‘supply voltages are reduced, this function becomes
more easily upsettable.

When there is full understanding of the total radiation envi-
ronment as well as each system’s particular design, low-
voltage supply is a viable choice.
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Ratings, Specifications, and Waveforms

MNational

Semiconductor

Ratings; Specifications, and Waveforms

Specifying LVQ Devices

Traditionally, when a semiconductor manufacturer complet-
ed a new device for introduction, specifications were based
on the characterization of just-a few parts. While these
specifications were appealing to the designer, they were of-
ten too tight and, over time, the IC manufacturers had diffi-
culty producing devices to the original specs. This forced
the manufacturer to relax circuit specnflcatlons to reflect the
actual performance of the device.

As a result, designers were reqmred to review system de-
signs to ensure the system would remain reliable with the
new specifications. National Semiconductor realized and
understood the problems associated with characterizing de-
vices too aggresslvely

To provide more realistic and manufacturable specs, Na-
tional Semiconductor devised a systematic and thorough
process to generate specifications. Devices are selected
from multiple wafer lots to ensure process variations are
taken into account. In addition, the process parameters are
measured and compared to the known process limits. With
more than five years of experience manufacturing LVQ log-
ic, National Semiconductor can accurately predict how
these wafer lots compare with the best and worse case lots
that can possibly be expected.

This method of characterizing parts more accurately repre-
sents the product across time, voltage, temperature and
process rather than portraying the fastest possible device.

These specification guidelines allow designers to design
systems more efficiently since the devices used will behave
as documented. Unspecified guardbands no longer need to
be added by the designer to ensure system reliability.

Power D|s3|pat|on—Test
Philosophy

In an effort to reduce confusion about measuring power dus-
sipation capacitance, Cpp, a JEDEC standard test proce-
dure (7A Appendix E) has been adopted which specifies the
test setup for each type of device. This allows a device to
be exercised in a consistent manner for the purpose of
specification comparison.

The following is a list of different types of: Ioglc functions,
along with the input setup conditions under which the Cpp
was measured for each type of device. By understanding
how the device was exercised during Cpp measurements,
the designer can understand whether the Cpp specified for
that particular device reflects the total power dissipation ca-

pacitance for either the entire device or for just a certain
stage of that device. For example, from the following list, it
is apparent that the Cpp value specified for a-counter re-
flects the internal capacitance for the entire device, since
the entire device is being exercised during measurement.
On the other hand, the Cpp value specified for an octal line
driver reflects the internal capacitance for only one of eight
stages, since only one input was being switched during test.
Therefore the octal’s overall power dissipation should be
calculated for each of the eight stages, individually.

During the Cpp measurements, each output that is being
switched should be loaded with the standard 50 pF and
5009 load. All device measurements are made with Vpp =
3.3V at 25°C, with TRI-STATE® outputs enabled. -

Gates/Buffers/ * Switch one input. Bias the remaining in-

Line Drivers: puts such that one output switches.

Latches: Switch the Enable and D inputs such that

: the latch toggles. )

Flip-Flops: Switch the clock pin while changing D (or
bias J and K) such that the output(s)
change each clock cycle. For parts with
a common clock, exercise only one flip-
flop.

Decoders: Switch one address pin which changes
two outputs.

Multiplexers: Switch one address pin with the corre-

: sponding data inputs at opposite logic
levels so that the output switches.

Counters: Switch the clock pin with other inputs bi-
ased such that the device counts.

Shift Registers:  Switch the clock pin with other inputs bi-
ased such that the device shifts.
Switch one data input. For bidirectional

Transceivers:
: ' devices enable only one direction.

Parity Generator: Switch one input. -
Priority Encoders: Switch the lowest priority input.

AC Loading and Waveforms

LOADING CIRCUIT .
Figure 1.2-1 shows the AC loadmg circuit used in character-
izing and specifying propagation delays of all LVQ devices
unless otherwise specified in the data sheet of a specnflc
device.

R




AC Loading and Waveforms (continued)

The use of this load, which is equivalent to the FAST® (Fair-
child Advanced Schottky TTL) test jig, differs somewhat
from previous (HCMOS) practice. This provides more mean-
ingful information and minimizes problems of instrumenta-
tion and customer correlation. In the past, +25°C propaga-
tion delays for TTL devices were specified with a load of
15 pF to ground; this required great care in building test jigs
to minimize stray capacitance and implied the use of high
impedance, high frequency scope probes. FAST circuits
changed to 50 pF of capacitance, allowing more leeway in
stray capacitance and also loading the device during rising
or falling output transitions. This more closely resembles the
inloading to be expected in average applications and thus
gives the designer more useful delay figures. We have in-
corporated this scheme into the LVQ product line. The net
effect of the change in AC load is to increase the average
observed propagation delay by about 1 ns.

The 5000 resistor to ground can be a high frequency pas-
sive probe for a sampling oscilloscope, which costs much
less than the equivalent high impedance probe. Alternately,
the 5000 resistor to ground can simply be a 4500 resistor
feeding into a 50Q coaxial cable leading to a sampling
scope input connector, with the internal 500 termination of
the scope completing the path to ground. This is the pre-
ferred scheme for correlation. (See Figure 1.2-1.) With this
scheme there should be a matching cable from the device
input pin to the other input of the sampling scope; this also
serves as a 509 termination for the pulse generator that
supplies the input signal.

Shown in Figure 1.2-1 is a second 5009 resistor from the
device output to a switch. For most measurements this

TEST LOAD

t=3.0ns
t;=3.0ns

SOPFI

switch is open; it is closed for measuring one set of the
Enable/Disable parameters (LOW-to-OFF and OFF-to-
LOW) of a TRI-STATE output. With the switch closed, the
pair of 5002 resistors and the 2 X Vpp supply voltage es-
tablish a quiescent HIGH level.

Test Conditions

Figure 1.2-2 describes the input signal voltage levels to be
used when testing LVQ circuits. The AC test conditions fol-
low industry convention requiring V|y to range from OV to
Vpp. The DC parameters are normally tested with Vy at
guaranteed input levels, that is Vi to V| (see data tables
for details). Care must be taken to adequately decouple
these high performance parts and to protect the test signals
from electrical noise. In an electrically noisy environment,
(e.g., a tester and handler not specifically designed for high
speed work), DC input levels may need to be adjusted to
increase the noise margin to allow for the extra noise in the
tester which would not be seen in a system.

Noise immunity testing is performed by raising Vi to the
nominal supply voltage of 3.3V then dropping to a level cor-
responding to V|y characteristics, and then raising again to
the 3.3V level. Noise tests can also be performed on the V|
characteristics by raising V)y from OV to V)., then returning
to OV. Both Vjy and V) noise immunity tests should not
induce a switch condition on the appropriate outputs of the
LvQ device. ) ‘

Good high frequency wiring practices should be used in
constructing test jigs. Leads on the load capacitor should be
as short as possible to minimize ripples on the output wave-

oy

:::HL

H

3000 —PEN  to
2xVop by

toz

5002 Scops
FIGURE 1.2-1. AC Loading Circuit for LVQ

TL/F/10973~1

LVQ Devices
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FIGURE 1.2-2. Test Input Signal Levels
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Ratings, Specifications, and Waveforms

Test Conditions (Continued)

form transitions and to ‘minimize undershoot. Generous
ground metal (preferably a ground plane) should be used for
the same reasons. A Vpp bypass capacitor should be pro-
vided at the test socket, also with minimum lead lengths.

Rise and Fall Times

Input signals should have rise and fall times of 3.0 ns and
signal swing of 0V to Vpp for 'LVQ devices. Rise and fall
times less than or equal to 1 ns should be used for testing
fmax Or pulse widths.

CMOS devices, including 4000 Series CMOS, HC, HCT,
FACT™ and LVQ families, tend to oscillate when the input
rise and fall times become lengthy. As a direct result of its
increased performance, LVQ devices can be more sensitive
to slow input rise and fall times than other lower perform-
ance technologies.

It is important to understand why this oscillation oceurs.
Consider the outputs, where the problem is initiated. Usual-
ly, CMOS outputs drive capacitive loads with low DC leak-
age. When the output changes from a HIGH level to a LOW
level, or from a LOW level to a HIGH level, this capacitance
has to be charged or discharged. With the present high per-
formance technologies, this charging or discharging takes
place in a very short time, typically 2-3 ns. The requirement
to charge or discharge the capacitive loads quickly creates
a condition where the instantaneous current change
through the output structure is quite high. A voltage is gen-
erated across the Vpp or ground leads inside the package
due to the inductance of these leads. The internal ground of
the chip will change in reference to the outside world be-
cause of this induced voltage.

Consider the input. If the internal ground changes, the input
voltage level appears to change to the DUT. If the input rise
time is slow enough, its level might still be in the device
threshold region, or very close to it, when the output
switches. If the internally-induced voltage is large enough, it
is possible to shift the threshold region enough so that it re-
crosses the input level. |f the gain of the device is sufficient
and the input rise or fall time is slow enough, then the de-
vice may go into oscillation. As device propagation delays
become shorter, the inputs will have less time to rise or fall
through the threshold region. As device gains increase, the
outputs will swing more, creating more induced voltage. In-
stantaneous current change will be greater as outputs be-
come quicker, generating more induced voltage.

Waveforms
DATA 4§
IN — } Yo
DATA —iF
out = Vo

TL/F/10973-3"

FIGURE 1.2-3, Waveform for Inverting and
Non-Inverting Functions for LVQ

Package-related causes of output oscillation are not entirely
to blame for problems with input rise and fall time measure-
ments. All testers have Vpp and ground leads with a finite
inductance. This inductance needs to be added to the in-
ductance in-the package to determine the overall voltage
which will be induced when the outputs change. As the ref-
erence for the input signals moves further away from the pin
under test, the test will be more susceptible to problems
caused by the inductance of the leads and stray noise. Any
noise on the input signal will also cause problems. With LvVQ
logic having gains as high as 100, it merely takes a 30 mV
change in the input to generate a full 3V swing on the out:
put. :

Propagatlon Delays, fmax,
Set and Hold Times

A 1.0 MHz square wave is recommended for most propaga-
tion delay tests. The repetition rate must necessarily be in-
creased for testing fmax. A 50% duty cycle should always be
used when testing fmax. Two pulse generators are usually
required for testing such parameters as setup time, hold
time, recovery time, etc. See Figures 1.2-3 and 1.2-4.

Enable and Disable Times

Figures 1.2-5 and 1.2-6 show that the disable times are
measured at the point where the output voltage has risen or
fallen by 0.3V from VoL or Von, respectively. This change
enhances the repeatability of measurements, and gives the
system designer more realistic delay times to use in calcu-
lating minimum cycle times. Since the high impedance state
rising or falling waveform is RC-controlled, the first 0.3V of
change is more linear and is less susceptible to external
influences. More importantly, perhaps from the system de-
signer’s point of view, a change in voltage of 0.3V is ade-

. quate to ensure that a device output has turned OFF. Mea-

suring to a larger change in voltage merely exaggerates the
apparent Disable times and thus penalizes system perform-
ance since the designer must use the Enable and Disable
times to devise worst case timing signals to ensure that the
output of one device is disabled before that of another de-
vice is enabled. Note that the measurement points have
been changed from the previous 10% and 90% points. This
better reflects actual test points and does not change speci-
fication limits.

CONTROL

: b —g
IN le

CLOCK Vimi

ton
OUTPUT 3 Vo

TL/F/10973-4
FIGURE 1.2-4, Propagation Delay, Pulse Width
and trec Waveforms for LVQ




Waveforms (Continued)
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. TL/F/10973-6
FIGURE 1.2-5. TRI-STATE Output High Enable g -~
and Disable Times for LVQ FIGURE 1.2-6. TRI-STATE Output Low Enable

and Disable Times for LVQ
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TUFN 0973 7

Vi = 50% Vpp
Vimo = 50% Vpp

FIGURE 1.2-7. Setup Time, Hold Time and Recovery Time for LVQ

Electrostatic Discharge - Procedure: ,

Precautions should be taken to prevent damage to devices 1.” Verify Test Fixture Loading: Standard Load 50 pF, 50002.
by electrostatic discharge. Static charge tends to accumu- 2. Deskew the word generator so that no two channels
late on insulated surfaces such as synthetic fabrics or car- have greater than 150 ps skew between them. This re-
peting, plastic sheets, trays, foam, tubes or bags, and on quires that the oscilloscope be deskewed first. Swap out
ungrounded electrical tools or appliances. The problem is the channels that have more than 150 ps of skew until all
much worse in a dry atmosphere. In general, it is recom- channels being used are within 150 ps. It is important to
mended that individuals take the precaution of touching a deskew the word generator channels before testing. This
known ground before handling devices. To effectively avoid will ensure that the outputs switch simultaneously.
electrostatic damage to LVQ. devices, it is recommended 3. Terminate all inputs and outputs to ensure proper load-
that individuals wear a grounded wrist strap when handling ing of the outputs and that the input levels are at the
devices. More often, handling equipment, which is not prop- correct voltage.

erly grounded, causes damage to parts. Ensure that all plas- 4. Set Vpp to 3.3V.

tic parts of the tester, which are near the device, are con-

ductive and connected to ground. 5. Set the word generator to toggle all but one output at a

frequency of 1 MHz. Greater frequencies will increase
. Ty DUT heating and affect the results of the measurement.

LvQ NOIse, Charactgrlstlcs o 6. Set the word generator input levels at OV LOW and 3.3V

The setup of a noise characteristics measurement is critical HIGH for LVQ devices. Verify levels with a digital volt

to the accuracy and repeatability of the tests. The following meter.

is a brief description of the setup used to measure the noise

characteristics of LVQ. ‘

Equipment:
Hewlett Packard Model 8180A Word Generator
PC-163A Test Fixture or Equivalent
Tektronics Model 7854 Oscilloscope or Equivalent

ACTIVE
OUTPUTS

QUIET
OUTPUT
UNDER TEST

TL/F/10973-8
FIGURE 1.2-8. Quiet Output Noise Voltage Waveforms
Note A. Vouy and Vo p are measured with respect to ground reference.
Note B. Input pulses have the following characteristics: f = 1 MHz, t, = 3 ns, ty = 3 ns, skew < 150 ps.
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LVQ Noise Characteristics (continued)

Voup/VoLv and Voup/Vorv:

o Determine the quiet output pin that demonstrates the
greatest noise levels. The worst case pin will usually be
the furthest from the ground pin. Monitor the output volt-
ages using a 500 coaxial cable plugged into a standard
SMB type connector on the test fixture. Do not use an
active FET probe.

Measure Vo p and Vory on theiquiet output LOW during
the HL transition. Measure Voup and Vopy on the quiet
output HIGH during the LH transition.

Verify that the GND reference recorded on the oscillo-
scope has not drifted to ensure the accuracy and repeat-
ability of the measurements.

ViLp and ViHp:
* Monitor one of the switching outputs using a 500 coaxial

cable plugged into a standard SMB type connector on
the test fixture. Do not use an active FET probe.

First increase the input LOW voltage level, V|, until the
output begins to oscillate. Oscillation is defined as noise
on the output LOW level that exceeds V| limits, or on
output HIGH levels that exceed V4 limits. The input
LOW voltage level at which oscillation occurs is defined
as Vi p.

Next increase the input HIGH voltage level on the word
generator, Viy until the output begins to oscillate. Oscilla-
tion is defined as noise on the output LOW level that
exceeds V|_limits, or on output HIGH levels that exceed
Vi limits. The input HIGH voltage level at which oscilla-
tion occurs is defined as V|yp.

Vop

@ 7‘ ! A ~
=Inputs
TN

K

* Verify that the GND. reference recorded on the oscillo-
scope has not drifted to ensure the accuracy and repeat-
ability of the measurements.

Skew Definitions and Examples
Minimizing output skew is a key design criteria in today's
high-speed clocking schemes, and National has incorporat-
ed skew specifications into the 'LVQ family of devices.
This section provides general definitions and examples of
skew. Common Edge Skew is guaranteed for 'LVQ devices;
however other forms of skew are also defined in this sec-
tion.

CLOCK SKEW

Skew is the variation of propagation delay differences be-
tween output clock signal(s). See Figure 1.2-10.

Example:

If signal appears at out #1in 3 ns and in 4 ns at output #5,
the skew is 1 ns.

Without skew specifications, a designer must approximate
timing uncertainties. Skew specifications have been created
to help clock designers define output propagation delay dif-
ferences within a given device, duty cycle and device-to-de-
vice delay differences.

4500 @
O

HP 8180A 4 d |/

Isopr
v L]

AAA

v e—y TEK 7854
Oscilloscope
50Q Inputs

4500

05—

WORD
GENERATOR
Voo
GND I )

GND is supplied vie %
a copper plane

AAA
Al

Probes are grounded as
close to DUT pins es possible.

50 pF
g Load capacitors are placed

as close to DUT as possible.
TL/F/10973-9

FIGURE 1.2-9. Simultaneous Switching Test Circuit
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DUE TO DELAY
UNCERTAINTY
TL/F/10873-10

FIGURE 1.2-10. Clock Output Skew
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SOURCES OF CLOCK SKEW

Total system clock skew includes intrinsic and extrinsic skew. Intrinsic skew is defined as the differences in delays between the
outputs of device(s). Extrinsic skew is defined as the differences in trace delays and loading conditions.

(- )

INTRINSIC SKEW

EXTRINSIC SKEW

CLOCK_OuUT
out ;
DRIVER
CLOCK_IN LOADS SKEW DUE T0

DEVICE AND TRACE/LOAD DELAYS

TL/F/10973-11
FIGURE 1.2-11. Sources of Clock Skew

Example: 50 MHz Clock signal distribution on a PC Board.

50 MHz signals produces 20 ns clock cycles
Total system skew budget = 10% of clock cycle* = 2ns —> 2ns
Ifextrinsic skew = 1ns — —1ns

Device skew (intrinsic skew) must be less than 1 ns/ <— 1ns
*Clock Design Rule of thumb.

CLOCK DUTY CYCLE

¢ Clock Duty Cycle is a measure of the amount of time a signal is High or Low in a given clock cycle.

~

TL/F/10973-12
Duty Cycle = t/T * 100%
FIGURE 1.2-12. Duty Cycle Calculation

Clock Signal

Example:

tHigH and t ow are each 50% of the clock cycle therefore
the clock signal has a Duty Cycle of 50/50%.

!

CLOCK CYCLE
TL/F/10973-13

FIGURE 1.2-13. Clock Cycle
o Clock skew effects the Duty Cycle of a signal.

Clock + Skew
-ﬁ Example: 50 MHz clock distribution on a PC board.
%' Skew must be guaranteed less than 1 ns at 50 MHz to
TL/F/10973-14 achieve 55/45% Duty Cycle requirements of core silicon!
FIGURE 1.2-14, Clock Skew
TABLE |
System
Frequency Skew | thigH | tLow Duty Cycle
50 MHz ons 10ns | 10ns | 50/50% « Ideal Duty Cycle (50/50%) occurs for zero skew.
50 MHz 2ns 12ns 8ns 60/40%
50 MHz 1ns 11 ns 9ns 55/45%
33 MHz 2ns 17ns | 15ns | 55/45% «— Note that at lower frequencies, the skew budget is not as tight
and skew does not effect the Duty Cycle as severely as seen at
higher frequencies.
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Defmltlon of Parameters

tosu-l, ROSHL (Common Edge Skew)

tosHL and togy 1 are parameters which describe the delay from one driver to another on the same chnp This specmcatlon is the
worst-case number of the delta between the fastest to the slowest path on the same chip. An example of where this parameter
is critical is the case of the cache controller and the CPU, where both units use the same transition of the clock. In order for the
CPU and the controller to be synchronized, togiH/HL needs to be minimized.

.- Definition ) ' Example
tosHL, tosLH (Output Skew for High-to-Low Transmons)

BT S c , B
tosHL = ItPHLpax = tPHLViN| ; : S NRUT h o
. ) . : 1
Output Skew for Low-to-High Transitions: . .
= OUTPUT 1 i !
tostH = ItpLHyax — tPLHMINI . Bl

Propagation delays are measured across the outputs of any ) B e T i
given device. :""-“unll. ot .
- OUTPUT 2 1 1 ( 1 h \
' 1 1 1
. : ! 1 o 1 ]
T 1 N
| Pl 1 i Bhax,
] [ ) ' [ 1
1 r 1 r 1
' vlost +losuL

TL/F/10973-15
FIGURE 1.2-15. togLH, tosHL




Definition of Parameters (Continued)

tps (Pin Skew or Transition Skew)

tps, describes opposite edge skews, i.e., the difference between the delay of the low-to-high transition and the high-to-low
transition on the same pin. This parameter is measured across all the outputs (drivers) on the same chip, the worst (largest
delta) number is the guaranteed specification. Ideally this number needs to be 0 ns. Effectively, 0 ns means that there is no
degradation of the input signal’s Duty Cycle.

Many of today’s microprocessors require a minimum of a 45:55 percent Duty Cycle. System clock designers typically achieve
this in one of two ways. The first method is with an expensive crystal oscillator which meets the 45:55 percent Duty Cycle
requirement. An alternative approach is to use a less expensive crystal oscillator and implement a divide by two function. Some
microprocessors have addressed this by internally performing the divide by two.

Since Duty Cycle is defined as a percentage, the room for error becomes tighter as the system clock frequency increases. For
example in a 25 MHz system clock with a 45:55 percent Duty Cycle requirement, tpg cannot exceed a maximum of 4 ns (tp| 4 of
18 ns and tp H of 22 ns) and still meet the Duty Cycle requirement. However for a 50 MHz system clock with a 45:55 percent
Duty Cycle requirement, tpg cannot exceed a maximum of 2 ns (tp 4 of 9 ns and tpy of 11 ns) and still meet the Duty Cycle
requirement. This analysis assumes a perfect 50:50 percent Duty Cycle input signal.

Definition Example
tps (Pin Skew or Transition Skew):

_ clock input
tps = [tpHL—tpLH 50% duty _/_\_/_

Both high-to-low and low-to-high propagation delays are cycle !

1
measured at each output pin across the given device. 1
[
output 1 1 / \ s, Q"’“'—1 oLy

tPLHl ‘ ‘PHL,
output 2 / ' \ tPSZ tPHLZ tPLH2
]
. : '., ,'
lPl.H2 toHL,

TL/F/10973-16
FIGURE 1.2-16. tpg

Example: A 33 MHz, 50/50% duty cycle input signal would be degraded by 2.6% due to a tpg = 0.8 ns. (See Table and
lllustration below.)
Note: Output symmetry degradation also depends on input duty cycle.

TABLE Il. Duty Cycle Degradation of 33 MHz

Input Device Output
f % A DC
(MHz) | DC Input tin TiN tps tour Tour bc Input to Output
(ns) (ns) (ns) (ns) (ns) Output
33 50%/50% 15.15/15.15 30.3 0.8 14.35/15.95 30.3 47.4%/52.6% 2.6%
45%/55% 13.6/16.6 30.3 1.5 12,1/18.1 30.3 39.9%/60.1% 5.1%

V777 WORST CASE DEGRADATION,

50%
HIGH LEVEL 'E \ TPS = 0.8nS.

' 47.4% HIGH LEVEL
(2.6% PULSE WIDTH DECREASE)

:

|
33 MHz

U

i T

! ! 1\ 52.6% LOW LEVEL
7—! (2.6% PULSE WIDTH INCREASE)
50%

LOW LEVEL

FIGURE 1.2-17. Pulse Width Degradation

TL/F/10973-17
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Ratings, Specifications, and Waveforms

Definition of Parameters (continued)

tost (Opposite Edge Skew) .

tost defines the difference between the fastest and the slowest of both transitions within a given chip. Given a speéiﬁc system
with two components, one being positive-edge triggered and one being negative-edge triggered, tost helps to calculate the
required delay elements if synchronization of the positive- and negative-clock edges is required.

device
output

pin 1

torn
pin 2 IRty
pin 8
tosT .. time, ns

TL/F/10973-18
FIGURE 1.2-18. tosT
Definition
tost (Opposite Edge Skew):
tosT = [tpem—tpenl

where ¢ is any edge transition (high-to-low or low-to-high)
measured between any two outputs (m or n) within any giv-

en device. ) '
Example
i
1
10UTPUT 1 _
7 ! (F——\QM,‘ = tPLH,
e VAT e HYy 1
— = 1 |
1
i [ .
' 1
- L JouTPUT 2
(] I Y .
] - ! 1 1 HDQ’Z" tPLHz
le— thun, — !
7 — ! 1 1

(e
v Yot

. TL/F/10973-19
FIGURE 1.2-19. togT :
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Definition of Parameters (continued)
tpy (Part Variation Skew)

tpy illustrates the distribution of propagation delays between the outputs of any two devices.

Part-to-part skew, tpy, becomes a critical parameter as the driving scheme becomes more complicated. This usually applies to
higher-end systems which go from single clock drivers to distributed clock trees to increase fanout (shown below). In a distribut-
ed clock tree, part-to-part skew between U2 and U3 must be minimized to optimize system clock frequency. In the case of the
clock tree, the total skew becomes a function of tog Hy/HL of U1 plus tpy of U2 and U3.

—_

. ) TL/F/10973-20
FIGURE 1.2-20. Clock Distribution

Case 1: Single Clock Driver
Total Skew = Pin-to-Pin Skew U1
= tosLH or togHL of U1

‘ Definition
tpy (Part Variation Skew):
tpy = th:u,v - tPgox,yl
where ¢ is any edge transition (high-to-low or low-to-high)
measured from the outputs of any two devices.

outputs
all devices

time, ns

TL/F/10973-22
FIGURE 1.2-21. tpy

Case 2: Distributed Clock Tree

Total Skew (U2, U3) = Pin-to-Pin Skew (U1) + Part;to-Part
Skew (U2, U3)

Sqoee

Example
.
A= 1 DEVICE 1
Ut = routpuT 1
— 1
— toy
— 1
[~ ]
e ]
) i
1]
: 1 DEVICE 2
° | OUTPUT 2
A\ "4 ] :
UN :4— to, —
1

TL/F/ 09%3-21

tW’u,v = ‘PHLI,I

FIGURE 1.2-22. tpy

TL/F/10973-23
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Design Considerations

@National

Semiconductor

Design Considerations

Today’s portable and battery-operated system designer is
faced with the problem of keeping ahead when addressing
system performance, long battery life and reliability. Nation-
al Semiconductor's advanced CMOS helps designers
achieve these goals. Low Voltage CMOS Logic, LVQ, like
FACT™ (Fairchild Advanced CMOS Technology) logic, was
designed to alleviate many of the drawbacks thatare com-
mon to present technology logic circuits. LVQ logic com-
bines the low static power consumption and the high noise
margins of CMOS with a high fan-out, low input loading and
a 75Q transmission line drive capability. Performance fea-
tures such as advanced Schottky speeds at CMOS power
levels, excellent noise suppression, ESD protection, and
latch-up immunity are characteristics that designers of
state-of-the-art systems require. .

To fully utilize the advantages provided by LVQ, the system
designer should have an understanding of the flexibility as
well as the trade-offs of CMOS design. The following sec-
tion discusses common design concerns relative to the per-
formance and requirements of LVQ. There are six items of
interest which need to be evaluated when implementing
LVQ devices in new designs:

e Interfacing—Interboard and technology interfaces, bat-
tery backup and power down or live insert/extract sys-
tems require some special thought.

Transmission Line Driving ‘ .

Power ‘Supplies and Decoupling—Maximize ground and
Vpp traces to keep Vpp/ground impedance as fow as
possible; full ground/Vpp planes are best. Decouple any
device driving a transmission line; otherwise add one ca-
pacitor for every package.

Noise effects—As edge rates increase, the probability of
crosstalk and ground bounce problems increases. The
noise immunity and high threshold levels improve LVQ’s
resistance to system-generated problems.

Board Layout—Prudent board layout will ensure that
most noise effects are minimized. .

® Electromagnetic Interference

Interfacing Dual Voltage Systems

In order to reliably interface one integrated circuit to anoth-
er, recommended input and output specifications for voltage
and current must be satisfied. Output specifications of the
driving IC must meet the input requirements (Vy_and V) of

the receiver IC in order to justify the circuit design. This
“noise margin” protects the design against malfunction dur-
ing system and environmentally generated noise.

For better than two decades, almost all digital signal pro-
cessing has been designed around a 5V standard power
supply. During this period of time countless IC vendors have
introduced new product families with higher drive, faster
speeds, and lower power.-As a result several Input/Output
standards exist in the 5V world and interfacing between
them can get confusing. Because of the inherent restric-
tions, pure-TTL technologies cannot operate with a 3.3V
power supply. Therefore, the core technology for all 3V ICs
will be MOS. In a straight 3V MOS system, all connections
can be done directly, both on the outputs and on the inputs.

However, it will be quite some time before ALL components
in a portable/desktop PC can operate at 3.3V. This is espe-
cially true for peripheral devices such as displays, printers,
and faxes. Therefore, at some point in the system, 3V ICs
must interface with 5V ICs. If mishandled, this interface will
waste power and reduce the reliability of the products at the
interface. On the following pages, solutions to possible dual
voltage interfaces are outlined.

INTERFACING 5.0V TTL OR “REDUCED SWING” CMOS
TO3.3vVLvaQ

Bipolar TTL ICs or the newly introduced *reduced swing”
(NMOS pull-up) CMOS ICs are the easiest of the 5V tech-
nologies to interface with because of their 3V output signal.
3V ICs such as LVQ have input specifications similar to the
5V TTL or TTL-compatible CMOS ICs. In this case, interfac-
ing at this point may be direct. To safeguard this configura-
tion against voltage and temperature fluctuations the de-
signer should regulate BOTH the 3.3V. and 5V power sup-
plies together. Another option is to purposely run the 5V
power supply on the low side to decrease the 5V-to-3V
Von-to-Vg delta. This optimum configuration reduces any
DC power loss from termination at the interface to zero.

However, if the same system is allowed to operate with
power supply tolerances that could vary +£10% indepen-
dently (example: 5.0V +10% and 3.3V —10%), then the
input specifications for LVQ products would be violated. In
order to remain within the absolute maximum specifications
for LVQ products, the Vop of the TTL I/0 must be held to
within 0.5V of the LVQ V¢c. The best way to reduce Von
while retaining signal fidelity and specified propagation de-
lays is to add a parallel resistor termination (to GND) to
every signal line at the dual voltage interface.
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Interfacing Dual Voltage Systems (continued)
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TIL Logic
FCTxT,BCT,ABT,ALS,FAST etc.
LVQ Logic

’ : TL/F/10974-46
FIGURE 1.3-1a. Dual Voltage with
Parallel Resistor Termination

The “R” value in Figure 1.3-1a and 1.3-1b is derived using
manufacturer supplied lon/VoH curves in conjunction with
the formula: R = 3.5V/Igy @ Vo = 3.5V). In this example,
the Bipolar Ion/VoH curve is from the FAST Applications
Handbook. Although only the 74F244 case is shown, the
method also applies to a “‘reduced swing” CMOS, BICMOS,
and other Bipolar devices.

INTERFACING 5.0V CMOS TO 3.3V LVQ

To provide an interface solution between 5V CMOS and
LVvQ, National Semiconductor has introduced a unidirection-
al buffer translator product 74LVX244 especially designed
to couple 5.0V designs with new 3.3V LVQ designs. These
devices, operating with a supply voltage of 3.3V, are de-
signed to interface with CMOS outputs operating from a
5.0V supply.

5.0v 3.3v 3.3V
1 | 1

CMOS Logic
‘\/
74LVX244
N
LVQ Logic

TL/F/10974-45

FIGURE 1.3-2. Dual Voltage with LVQ Translator
When ordinary LVQ inputs are driven beyond V¢g, large
currents will flow into the silicon substrate raising the inter-
nal Vg of the LVQ product to 4.0V or above. Therefore, it is

0 [ [ [ 1

4 L _ .
Vou = 3.5V
N~ ly=-12.0mA -
. : ' N
g ! N\
2 ! N
z N
I 2 ! \
3 T
&
3 ! N
1 ~N

Slope =250 Ohms |

0 . 50 100

Output HIGH Current (mA)
TL/F/10974-47
FIGURE 1.3-1b. 74F244 Output Drive

generally not recommended to interface CMOS at 5.0V to
non-translator LVQ device at 3.3V. However, such a config-
uration may become unavoidable in some mixed/dual volt-
age designs. In order to reduce the Vou level of a CMOS
device, a voltage divider must be set up on the output to
provide the correct Vo level to the LVQ device. One possi-
ble configuration is shown in the Figure 1.3-3.

5.0V 3.3V
1 . 1
One Bit
fm——————— -
] 1
L2 1 1 )
4 1.510hms 1 ‘®
- LA AA 1 3
" 1 Yy 1
=] o
= ] 1 >
o ] 1
) 1000hms 1
1 1
1 1
oo o - - ——t

‘ ' TL/F/10974-44
FIGURE 1.3-3. Dual Voltage with
Resistor Divider Network
Although DC power is consumed by the voltage divider, us-
ing higher values of resistance for the voltage divider will
create an additional propagation delay across the interface.

" This is due to the RC time constant setup by LVQ device .

inputs and the Thevenin equivalent resistance of the volt-
age divider. The resistance values shown exhibit a good
compromise between DC power loss and signal fidelity.

INTERFACING 3.3V LVQ TO 5.0V INPUTS

Interfacing a 3V LVQ IC's output to a 5V TTL-compatible
CMOS input can be done directly. LVQ 3V output specifica-
tions and 5V TTL-compatible CMOS specifications are com-
patible. Interfacing a 3V LVQ output to a 5V CMOS (V| =
3.15V @ Vgc = 5.0V) input should NEVER be done, be-
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Design Considerations

Interfacing Dual Voltage Systems

(Continued)

cause the 5V CMOS part will require a low impedance pull
up to Vg to satisfy its input requirements. Whenever a LVQ
output is pulled up beyond its Vg, an intrinsic diode in the
output structure will begin to forward bias causing excessive
currents to flow from the interface through the LVQ output
and into the 3.3V power supply. This could raise the output
level of the 3.3V supply to a level exceeding the maximum
rated voltages for some low voltage devices.

Many types of 5V Bipolar inputs can present a similar prob-
lem at the dual voltage interface. It is common for a Bipolar
device to have 10 k2-20 kQ internal pull-up resistors on
every input pin connected directly to the 5V Vg plane. In
this case, external pull-down resistors are recommended to
create a voltage divider network that would set the logic
HIGH voltage to a safe level for the LVQ output as de-
scribed earlier. Figure 1.3-4 illustrates such an interface.
This type of pull-down is also ideal for any bus with Bipolar

5.0V
3,3v
1
: C
o o
=S 4k Ohms 5
-
-~ ) -
<
g H
- 3 &
. °
| vV

TL/F/10974-43
FIGURE 1.3-4. Dual Voltage System Bus

or “Reduced Swing” 1/0 that can be TRI-STATED with
high-impedance driver outputs. In the past, busses of this
type were pulled up to Vgg with 4 kQ resistors. The same
results, pulling the bus away from threshold sensitive areas,
are achieved with the pull-down resistor recommended. The
value of this resistor is chosen based on the desired voltage
divider network. .

In summary, to make interfacing easier, reduce the amount
of interfacing needed by minimizing the amount of 5V cir-
cuitry. Concentrate the 5V circuitry into one area of the sys-
tem and minimize the number of signals needed to interface
with 3V ICs. Wherever possible utilize a direct interface to
minimize power consumption and maximize board integra-
tion, if necessary use the 74LVX244 translator. For the re-
maining interface signals, select an external interface solu-
tion that best reduces the risk of violating the LVQ absolute
maximum voltages while maintaining the best possible
noise margins and lowest power dissipation. The table be-
low summarizes all of the interface options that a systems
designer may be confronted with in a mixed/dual voltage
system design.

Driver Receiver Direct Interface
LVQ Logic Bioplar Input ' OKAY*
. BiCMOS Input *See Texton 3.3V LVQ

to 5V Bipolar

LVQ Logic TTL-Compatible CMOS Input| Use ACT or ACTQ

LVQ Logic CMOS Input ' Unacceptible

Bipolar Output LVQ Logic OKAY*

BIiCMOS Qutput * See Texton 5V TTL

Reduced Swing CMOS Output to3.3vVLVQ

CMOS Output LVQ Logic Use 74LVX244

Note: In the table above it can be assumed that LVQ is always at a Vg of 3.3V. The outputs driving LVQ
and the inputs being driven by LVQ are operating with a Vg of 5.0V.
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Line Driving and Termination

With the available high-speed logic families, designers can
reach new heights in system performance. Yet, these faster
devices require a closer look at transmission line effects.

Although all circuit conductors have transmission line prop-
erties, these characteristics become more significant when
the edge rates of the drivers are equal to or less than three
times the propagation delay of the line. Significant transmis-
sion line properties may be exhibited in an example where
devices have edge rates of 3 ns and lines of 8 inches or
greater, assuming propagation delays of 1.7 ns/ft for an
unloaded printed circuit trace.

Of the many properties of transmission lines, two are of
major interest to the system designer: Z'o, the effective
equivalent impedance of the line, and tpge, the effective
propagation delay down the line. It should be noted that the
intrinsic values of line impedance and propagation delay, Z,
and tpq, are geometry-dependent. Once the intrinsic values
are known, the effects of gate loading can be calculated.
The loaded values for Z', and tpge can be calculated with:

Zo= 2
S Te T i+ cpicL
tpdg = tpd41 + CD/CL

where C = intrinsic line capacitance and Cp = additional
capacitance due to gate loading.

The formulas indicate that the loading of lines decreases
the effective impedance of the line and increases the propa-

gation delay. Lines that have a propagation delay greater
than one third the rise time of the signal driver should be
evaluated for transmission line effects. When performing
transmission line analysis on a bus, only the longest, most
heavily loaded and the shortest, least loaded lines need to
be analyzed. All lines'in a bus should be terminated equally;
if one line requires termination, all lines in the bus should be
terminated. This will ensure similar signals on all of the lines.

I L
AN N =@ e e = = e e o= [ S—-Y
] ] ] 1 ]
] 1 1 1 )
' | i 1 | P4
vs ol b et ‘wadena el :.
ICN vz1

. TL/F/10874-1
Length of Transmission Line = L N
Distributed Load Capacitance per Unit Length = Cp = Z C /L
C o oa=1
Characteristic impedance

of a Transmission Line =2'0
Altered by Distributed Loading

Zr1-2'0

21+ 20

FIGURE 1.3-5a. Transmission Line
with Distributed Loading

Effective Retlection Coefficient at Termination = p =
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v — v —
S 5
£ t<n 4= K] t<T) —>
S L S L
> = » Dist = . > Dist
Incident Wave Incident Wave
-l
—
4 "+ 4
vijt—>  — vijit—= Y T )
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S| Wil s Vi
a 5] <t<
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Reflected Wave for 7y < Z,

® Length of Transmission Line = L

= Delay of Transmission Line = T

= Time of Sample = t

® Incident Wave Current = 14

lllnci‘dent Wave Véltage =Vy.

= Reflected Wave Current = Iy

= Reflected Wave Voltage = Vp{

w Characteristic Impedance of Line = Zg
L] Temihagioh lmpedan_ce‘ =27

® Voltage at Termination = Vt

Reflected Wave for Zy > Z,,
TL/F/10974-2

FIGURE 1.3-5b. Reflections Due to Impedance Mismatching
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Design Considerations

Line Driving and
Termination (continued)

There are several termination schemes which may be used.
Included are series, parallel, AC parallel, and Thevenin ter-
minations. AC parallel and series terminations are the most
useful for low power applications since they do not con-
sume any DC power. Parallel and Thevenin terminations ex-
perience high DC power consumption.

SERIES TERMINATIONS

Series terminations are most useful in high-speed applica-
tions where most of the loads are at the far end of the line
or especially for single point loads. Loads that are between
the driver and the end of-the line will receive a two-step
waveform. The first step will be the incident wave, Vj. The
amplitude is dependent upon the output impedance of the
driver, the value of the series resistor, and the impedance of
the line according to the formula
Vi = Vpp®Z'/(Z'o + Rg + Zg)

The amplitude will be one-half the voltage swing if Rg (the
series resistor) plus the output impedance (Zg) of the driver
is equal to the line impedance. Zg for 'LVQ is approximately
17Q. The second step of the waveform is the reflection from
the end of the line and will have an amplitude equal to that
of the first step. All devices on the line will receive a valid
level only after the wave has propagated down the line and
returned to the driver. Therefore, all inputs will see the full
voltage swing within two times the delay of the line.

PARALLEL TERMINATION

Paralle! terminations are not generally recommended for
CMOS circuits due to their power consumption, which can
exceed the power consumption of the logic itself. The pow-
er consumption of parallel terminations is a function of the
resistor value and the duty cycle of the signal. In addition,
paralle! termination tends to bias the output levels of the
driver towards either Vpp or ground. While this feature is not
desirable for driving CMOS inputs, it can be useful for driv-
ing TTL inputs.

AC PARALLEL TERMINATION

AC parallel terminations work well for applications’ where
the delays caused by series terminations are unacceptable.

—> >

TL/F/10974-3

v oy

a. No Termination

The terminating effects of AC parallel terminations are simi-
lar to the effects of standard parallel terminations. The ma-
jor difference is that the capacitor blocks any DC current
path and helps to reduce power consumption.

Thevenin Termination

Thevenin terminations are also not generally recommended
due to their power consumption. Like parallel termination, a
DC path to ground is created by the terminating resistors.
The power consumption of a Thevenin termination, though,
will generally not be a function of the signal duty cycle.
Thevenin terminations are more applicable for driving
CMOS inputs because they do not bias the output levels as
paralleled terminations do. It should be noted that lines with
Thevenin terminations should not be left floating since this
will cause the input levels to float between Vpp or ground,
increasing power consumption. o

Resistor = Z,

m Parallel:

m Thevenin: Resistor = 2 X Z,

W Series: Resistor = Zg — Zout
m AC: Resistor = Z,

3tr
Capacitor = C> 7

. Sk
FIGURE 1.3-6b. Suggested Tgrmination ‘Values

36

Vop = 3.3V

50 Ohm Parallel

Ipp (mA)

02 4 6 8 10 12 14 16 18 20
' FREQUENCY (MHz)

. TL/F/10974-08

FIGURE 1.3-6¢. LVQ Ipp vs Termination

S

b. Series Termination

TL/F/10974-4

ve

TU/F/10974-5
¢. Parallel Termination

d. AC Parallel Termination

O tURoeTa-7
e. Thevenin Termination

TL/F/10974-6

FIGURE 1.3-6a. Termination Schemes




Thevenin Termination (continued)

LVQ circuits have been designed to drive 75 transmission
lines over the full commercial temperature range. This is
guaranteed by the specified dynamic drive capability of
36 mA source and 25 mA sink current. This ensures incident
wave switching on 759 transmission lines and is consistent
with the 3 ns rated edge transition time.

LVQ product inputs take advantage of high output levels to
deliver the maximum noise immunity to the system designer.
V|H and V|_ are specified at 2.0V and 0.8V respectively. The
corresponding output levels, Vou and Vo, are specified to
be within 0.1V of the rails, of which the output is sourcing or
sinking 50 pA or less. These noise margins are outlined in
Figure 1.3-7. - .

2.0V _[ !
50% 50%
— —~oa

TL/F/10974-9
FIGURE 1.3-7. LVQ Input Threshold

CMOS Bus Loading

CMOS logic devices have clamp diodes from all inputs and
outputs to Vpp and ground. While these diodes increase
system reliability by damping out undershoot and overshoot
noise, they can cause problems if power is lost. )
Figure 1.3-8 exemplifies the situation when power is re-
moved. Any input driven above the Vpp pin will forward-bias
the clamp diode. Current can then flow into the device, and
out Vpp or any output that is HIGH. Depending upon the
system, this current, ljy, can be quite high, and may not
allow the bus voltage to reach a valid HIGH state. One pos-
sible solution to eliminate this problem is to place a series
resistor in the line. Another possible solution would be to
ensure that the output enable input is inactive, preventing
the outputs from turning on and loading down the bus. This
may be accomplished by hardwiring a 4.7 k€ pull-up resistor
to the Vpp pin of the LVQ device.
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TL/F/10974-10
FIGURE 1.3-8. Noise Effects

Noise Effects

LVQ offers excellent noise immunity. With input thresholds
specified at 2.0V and 0.8V and outputs that drive to within
100 mV of the rails, LVQ devices offer noise margins ap-
proaching 30% of Vpp. At 3.3V Vpp, LVQ specified input
and output levels give almost 1.0V of noise margin for both
ground- and Vpp-born noise. With realistic input thresholds
closer to 50% of Vpp, the actual margins approach 1.5V.

However, even the most advanced technology cannot alone
eliminate noise problems. Good circuit board layout tech-
niques are essential to take full advantage of the perform-
ance of LVQ circuits.

Well-designed circuit boards also help eliminate manufac-
turing and testing problems.

Another recommended practice is to segment the board
into a high-speed area, a medium-speed area and a low-
speed area. The circuit areas with high current requirements
(i.e., buffer circuits and high-speed logic) should be as close
to the power supplies as possible; low-speed circuit areas
can be furthest away.

Decoupling capacitors should be adjacent to all buffer
chips; they should be distributed throughout the logic: one
capacitor per chip. Transmission lines need to be terminat-
ed to keep reflections minimal. To minimize crosstalk, long

_signal lines should not be close together.

Crosstalk

The problem of crosstalk and how to deal with it is becom-
ing more important as system performance and board den-
sities increase. Crosstalk is the coupling of signals from one
line to another. The amplitude of the noise generated on the
inactive line is directly related to the edge rates of the signal
on the active line, the proximity of the two lines and the
distance that the two lines are adjacent.

Crosstalk has two basic causes. Forward crosstalk, Figures
1.3-9b and 1.3-9d, is caused by the wavefront propagating
down the printed circuit trace at two different velocities. This
difference in velocities is due to the difference in the dielec-
tric constants of air (¢, = 1.0) and epoxy glass (¢, = 4.7).

1-31
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Design Considerations

Crosstalk (continued)

As the wave propagates down the trace, this difference in
velocities will cause one edge to reach the end before the
other. This delay is the ‘cause of forward crosstalk; it in-
creases with longer trace length, so consequently the mag-
nitude of forward crosstalk will increase with distance.

Reverse crosstalk, Figures 1.3-9c and 1.3-9e, is caused by
the mutual inductance and capacitance between the lines

which is a transformer action. Reverse crosstalk increases
linearly with distance up to a criticat length. This critical
length is the distance that the signal can travel during its

‘rise or fall time.

Although crosstalk cannot be totally eliminated, there are
some design techniques that can reduce system problems
resulting from crosstalk. LVQ’s AC noise margins, shown in
Figure 1.3-10b, show the immunity to everyday noise which
can effect system reliability.
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® Two parallel signal lines provide mutual inductance and shunt capacitance.

 TL/F/10974-11

FIGURE 1.3-9a. Where Does cfdsstalk Take Place?
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Crosstalk (Continued)

P v, S

Active —D—O—W\
A ) —

L

Passive

» Current through the Characteristic Inductance of Transmission Line = I
= Capacitively Coupled Current = Ig = -C dV;/dt

® Mutually Induced Current = lyy = mi

= Forward Crosstalk Current = Icp

® As the active signal, Vj, propagates from A to B a negative-going spike, V4,
propagates from C to D, coincident with V;. '
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FIGURE 1.3-9b. Forward Crosstalk—Refresher
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u Current through the Characteristic Inductance of Transmission Line = IL
® Capacitively Coupled Current = Ig = -C dV;/dt

= Mutually Induced Current = Iy = mip

= Reverse Crosstalk Current = Icg

® As the active signal, V;, propagates from A to B a positive pulse appears at
C for a duration twice the coupled line delay T.

TL/F/10974-14

FIGURE 1.3-9c. Reverse Crosstalk—Refresher

TL/F/10974-15
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Design Considerations

Crosstalk (continued)

Valtage (V)

o.ov

| | | | I 1
' Time (ns) (5.0 ns/div)

Key, Vertical Scale, Horizontal Scale
=== Active Driver 1.0 V/Div 50 ns/Div
emmememesss Forward Crosstalk 0.2 V/Div 5.0 ns/Div

Active Raceiver 1.0 V/Div 5.0 ns/Div

TL/F/10974-16

This figure shows traces taken on a test fixture designed to exaggerate the amplitude of crosstalk pulses.

FIGURE 1.3-9d. Forward Crosstalk on PCB Traces

Voltage (V)

| | | t I
Time (ns) (5.0 ns/div)

Key. Vertical Scale Horizontal Seale
o = s Active Driver 1.0 V/Div 50 ns/Div
=meseeev=es Raverse Crosstalk 0.2 V/Div 5.0 ns/Div

Active Receiver 1.0 V/Div 5.0 ns/Div

TL/F/10974-17

This figure shows traces taken on a test fixture designed to exaggerate the amplitude of crosstalk pulses.

FIGURE 1.3-9e. Reverse Crosstalk on PCB Traces
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Crosstalk (Continued)

Active Line

Coupled Length=1L
|<— Line Delay =T
. A Passive Line—-1 _—LG—

Noise Pulses at A:

For T > t; Noise
Reaches Max Amplitude
-t 2T
| 2T
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TL/F/10974-19

ForT =05t
Noise Just
Reaches Max
at Peak

TL/F/10974-20

ForT <051
Noise Never
Reaches Full

Amplitude
—»I 2T f—

TL/F/10974-21
FIGURE 1.3-91. Partially Coupled Lines

Volts from Vpp : Vpp = 3.3V
: 2.5 I
o S L \ HAZARD
V
00 1.875
| h A— 30%
Gnd .
1.25
SAFE
0.625
TL/F/10974-22

R ; 0 ——
FIGURE 1.3-10a. High Noise Margin . 0 5 10 15 20 25 30 35 40 45 50

Pulse Width (ns)

TL/F/10974-23
FIGURE 1.3-10b. LVQ High Noise Margin
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Design Considerations

Crosstalk (continued)

TL/F/10974-25
FIGURE 1.3-10c. Low Noise Margin

In any design, the distance that lines run adjacent to each
other should be kept as short as possible. The best situation
is when the lines are perpendicular to each other. For those
situations where lines must run parallel, the effects of cross-

B Synchronous
Signal Plane

B Synchronous
Signal Plane
Plane C

M Ground Plane
Plane D

B Asynchronous
Signal Plane

Volts Vpp = 3.3V
2
HAZARD
1.33
SAFE
0.66
0

0 5 10 15 20 25 30 35 40 45 50

Pulse Width (ns)
TL/F/10974-24
FIGURE 1.3-10d. FACT AC/ACQ Low Noise Margin

talk can be minimized by line termination. Terminating a line
in its characteristic impedance reduces the amplitude of an
initial crosstalk pulse by 50%. Terminating the line will also
reduce the amount of ringing. Crosstalk problems can also
be reduced by moving lines further apart or by inserting
ground lines or planes between them.

Plane A

wwewa Ground Traces

===z Synchronous
Signal Traces

Signal Traces on Plane B
are perpendicular to traces
on Plane A

— Asynchronous Signal Traces

on Plane D can run in
any direction
TL/F/10974-26

FIGURE 1.3-11a. Recommended Crosstalk—Avoldance Structure

D

—1

le— > —»]

Gnd

M Minimize parallel trace lengths

M Maximize distance "S" between traces to minimize crosstalk
m Add ground trace ESSSY between signal traces

m Minimize distance h to keep line

impedance low
TL/F/10974-27

FIGURE 1.3-11b. PCB Layout Tips for Crosstalk Avoidance
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Decoupling Requirements : _
National Semiconductor Advanced CMOS, as with other cuit utilizes an LVQ244 driving a 150Q bus from a point

high-performance, high-drive logic families, has special de- somewhere in the middle.
coupling and printed circuit board layout requirements. Ad- | Buffer Output Sees Net 750 Load.
hering to these requirements will ensure the maximum ad- Data Bus —= 750 Load Line on lon-Von
vantages are gained with LVQ products. Characteristic.

. . N Shows Low-to-High Step of
Local high frequency decoupling is required to supply power : 1500 Approx. 2.8V.
to the chip when it is transitioning from a LOW to HIGH 2.9V
value. This power is necessary to charge the load capaci- Buffer v 1
tance or drive a line impedance. Figure 1.3-12 displays vari- : - ot !
ous Vpp and ground layout schemes along with associated —D 'G,;'::e“d 0.1V A
impedances. ‘ 1of 8 , - s
For most power distribution networks, the typical impedance — 37mA
is between 1000 and 150Q. This impedance appears in ) T
series with the load impedance and will cause a droop in the ’ L
Vpp at the part. This limits the available voltage swing at the 1500 0
local node, unless some form of decoupling is used. This TL/F/10974-29
drooping of rails will cause the rise and fall times to become : B | - Worst-Case Octal Drain = 8 X 37 mA
elongated. Consider the example described in Figure 1.3-13 TL/F/10974-28 = 0.3Amp.

to calculate the amount of decoupling necessary. This cir-
’ FIGURE 1.3-13. Octal Buffer Driving a 15002 Bus

0.1"
#" Glass Epoxy/( )
Ground Plane Gnd auy . 0 1"‘
d)500 Vpp . ! 4' ’
Impedance Voo ? / ‘
%" Board v i} 9, A“mﬂ 0.04"
oD . .
¢) 1000 Vpp _/ Av7 ( 77~0.04"
Impedance Gnd ‘Yl 0.04’
R
s Board» Vos
b) 680 Vpp
Impedance ‘|G"d
76 " Board -
a) 1000 Vpp
Impedance
Voo
Gnd
.032"
Epoxy Glass
6) 20 Vpp
impedance

TL/F/10974-30
FIGURE 1.3-12. Power Distribution Impedances
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Design Considerations

Decoupling Requirements (continued)

Being in the middle of the bus, the driver will see two 1500
loads in parallel, or an effective impedance of 75Q. To
switch the line from rail to rail, a drive of 37 mA is needed;
more than 300 mA will be required if all eight lines switch at
once. This instantaneous current requirement will generate
a voltage drop across the impedance of the power lines,
causing the actual Vpp at the chip to droop. This droop
limits the voltage swing available to the driver. The net ef-
fect of the voltage droop will lengthen device rise and fall
times and slow system operation. A local decoupling capac-
itor is required to act as a low impedance supply for the
driver chip during high current conditions. it will maintain the
voltage within acceptable limits and keep rise and fall times
to a minimum. The necessary values for decoupling capaci-
tors can be calculated with the formula given in Figure
1.3-14.

In this example, if the Vpp droop is to be kept below 20 mV
and the edge rate equals 4 ns, a 0.10 nF capacitor is need-
ed.

Itis good practice to distribute decoupling capacitors evenly
through the logic, placing one capacitor for every package.

1=0.75A

Q=2CVv
| = CAv/at Bypass Capacitor —/
C = 1AAV . iy v _ v
At =4 X 10-9 Specify Vpp Droop = 30 mV Max TL/F/10974-31
0.3 X4 Xx10~9
= -9 =
Cc 0.02 60 X 10 0.06 pLF

Select Cg > 0.10 pF
FIGURE 1.3-14. Formula for Calculatmg
Decoupling Capacitors

Capacitor Types

Decoupling capacitors need to be of the hlgh K ceramic
type with low equivalent series resistance (ESR), consisting
primarily of series inductance and series resistance. Capaci-
tors using 5ZU dielectric have suitable properties and make
a good choice for decoupling capacitors; they offer mini-
mum cost and effective performance.

0.1 uF
Capacitor

Voo

GND

= Need to decouple board at the point of power supply entry
= This capacitor (A) will smooth low frequency bulk switching noise
= A large value electrolytic capacitor is typically used (50 pF-100 uF)

TL/F/10974-32

FIGURE 1.3-15. Board-Level Decoupling Capacitor
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Electromagnetic Interference

One of the features of advanced CMOS is its fast output
edge rates. For the first time a non-ECL logic family is capa-
ble of switching outputs at ECL speeds. In fact, advanced
CMOS edge rates exceed that of ECL. ECL outputs typically
swing 900 mV in 700 ps, translating into an edge rate of
1.8 V/ns. Advanced CMOS outputs, on the other hand,
swing 5.0V in approximately 3.0 ns, translating into an edge
rate of 1.6 V/ns. Logic families driving at these speeds,
however, are more prone to generate higher levels of sys-
tem noise. Electronic systems using advanced CMOS logic,
as with any other high performance logic system, require a
higher level of design considerations.

One element of system noise that will be discussed here is
referred to as Electromagnetic Interference, or EMI. The
level of EMI generated from a system can be greatly re-
duced with the use of proper Electromagnetic Compatibility
(EMC) design techniques. These design considerations be-
gin at the circuit board level and continue through the sys-
tem level to the enclosures themselves; EMC needs to be a
concern at the initial system design stage.

WHAT IS EMI/RFI?

Electromagnetic Interferencs, or EMI, is an electrical phe-
nomenon where electric field energy and magnetic field en-
ergy are transmitted from one source to create interference
of transmitted and/or received signals from another source.
This may result in the information becoming distorted.

EMI can be an issue of emissions, that is, energy radiated
from one system to another or within the same system. it
can also be an issue of susceptibility, from high powered
microwave signals or. nuclear EMP (Electromagnetic
Pulse)—an issue more applicable in the military arena than
commercial. While this section will specifically address radi-
ated energy, many comments may also apply to susceptibili-
ty.

SOURCES OF ELECTROMAGNETIC INTERFERENCE

EMI generation in an electronic system may result from sev-
eral sources. All mediums of signal transmission—from the
signal origin to its destination—are possible sources of radi-
ated EMI. Understanding how each medium—including ICs,
coaxial cables, and connectors—can radiate EMI is para-
mount in effective, high performance system design.

As Figure 1.3-16 illustrates, EMI in a typical electronic circuit
is generated by a current flowing in some current path con-
figured within the circuit. These paths can be either Vpp-to-
GND loops or output transmission lines. The propagating
current pulse creates magnetic field energy, while the volt-
age drop across the loop area creates electric field energy.
The current path material itself acts as an antenna radiat-
ing—or receiving—both the electric and magnetic fields.

EMI generation is a function of several factors. Transmitted
signal frequency, duty cycle, edge rate, and output voltage
swings are the major factors of the resultant EMI levels.
Figure 1.3-17 illustrates a generalized Fourier transforma-
tion of the transmitted signal from the time domain to the

frequency domain. To think in terms of EMI, one must think
in terms of the frequency domain. This illustration helps to
realize the role of the time domain signal components in the
frequency domain. Notice that as the signal's period de-
creases, duty cycle decreases, or rise/fall time decreases
that the radiated bandwidth increases.

On the circuit level, in addition to the signal component fac-
tors mentioned earlier, radiating area, and the resultant an-
tenna’s radiating efficiency also play an-important role in
EMI generation. Also, current spikes, power line noise, and
output ringing caused by outputs switching also contribute
to the overall EMI. Good design techniques that moderate
this noise will play a major role in minimizing radiated EMI.

OVERALL SYSTEM EMI

System EMI is a function of the current loop area. Some of
the largest loop areas in a system consist of circuit board
signal transmission lines, backplane transmission lines, and
170 cables. The current loop areas of the integrated circuit
packages—Vpp-to-GND loops—are small in comparison to
those of the transmission lines and 1/0 cables. Differences
in IC package pinout schemes are much less noticeable in
terms of overall system radiated EMI.

The formula used to model the maximum electric field is
listed below. This formula takes into account the antenna
dimension and efficiency as well as the basic signal compo-
nents. '

—3e|eAe 2 2
IElvax = 1.32 X 10 DI A e Freq [1.+ (%n—D) ]/z%v
where,

|Elmax is the maximum E-field in the plane of the loop

| is the current amplitude in milliamps

A is the antenna area in square cm

A is the wavelength at the frequency of interest

D is the observation distance in meters

Freq is the frequency in MHz
and the perimeter of the loop P < A.

Figure 1.3-18 illustrates lab measurements of radiated emis-
sions from a test board populated with FACT and LVQ logic.
The device under test is driving a similar device across
26 cm of printed circuit board trace. ’

‘At higher frequencies where, for example, quaher wave-

lengths approach the lengths of transmission lines common
in typical backplanes and plug-in cards, LVQ radiates sub-
stantially less EMI than other. ACMOS logic.

CIRCUIT BOARD DESIGN CONSIDERATIONS

Original equipment manufacturers cannot afford to fail elec-
tromagnetic emissions tests. Since these tests are mea-
sured outside of the system, precautions to shield the enclo-
sures, 1/0 cables, and connections are paramount. Howev-
er, EMI within a system may also cause errors in data trans-
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Design Considerations

Electromagnetic Interference (continued)

mission or:unreliable system operation. Therefore, good
EMC design techmques at the circuit board level are ]ust as
necessary.

Designing a system free of all EMI is an overwhelming task.
However, considering the following design recommenda-
tions at the circuit board level forms a good foundation on
which to design a system with good EMC.

e The use of multilayer printed circuit board is a virtual ne-
cessity. Two-sided printed circuit board and wire-wrap
boards provide no shielding of EMI. Two-sided boards
also do not allow the use of power and ground planes.
Instead they require the use of high impedance power
and ground traces. Planes provide impedances several
orders of magnitude lower than that of traces, reducing
transient voltage drops in the power distribution and re-
turn loops. As a result of these lower voltage drops, pow-
er supply induced EMI can also be reduced.

In addition to the reduced impedance, these power and
ground planes have an inherent EMI shielding effect that
the large areas of copper provide..With the use of strip-
lines or signal transmission lines sandwiched between
the power and ground planes, the designer can take full
advantage of the planes’ shielding capabilities. To maxi-
mize this shielding effect, keep the power and ground
plane areas as homogeneous as possible.

Since plastic provides no EMI shielding, and sockets of
_ any profile provide plenty of lead length, ICs should be
soldered directly to the board. Solder power and ground
pins directly to the power and ground planes, respective-
ly. Minimize the IC and associated component lead
lengths wherever possible.
Minimizing the number of simultaneously switching out-
puts will also help to moderate the current pulse ampli-
tude and output ringing.

Terminating signal traces longer than 8 inches (typical)
will minimize reflections and ringing due to those reflec-
tions.

* Avoid capacitively. coupling signals from one transmis-
sion line to another—crosstalk—by avoiding long parallel
signal transmission lines. If parallel transmission lines are
unavailable, . maximize the: distance between the.two
lines, or insert a ground trace. Minimizing the spacing

. between the signal plane and ground plane will also help

" reduce crosstalk. For more details, see section on Cross-

talk. .

POWER SUPPLY DECOUPLlNG CONSIDERATIONS
Much of a system’s radiated EMI may originate from the

power supply itself. Propagation of power supply noise
throughout a system is a very undersirable situation in any

respect, including EMI. Suppression of this power supply
noise is highly recommended. Decoupling the power supply
at every level, from the system supply distribution network,
down to the individual IC, is also a necessity when designing
for low noise—and low EMI.

® On the system level, the use of a tantalum or aluminum

electrolytic capacitor in the power supply distribution net-
work is recommended.

* Decoupling the power supply at'the point of entry onto
the printed circuit board is also ‘highly recommended.
The use of a low equivalent series inductance, or ESL,
multilayer ceramic capacitor, 50 uF to 100 uF, provides
good low to medium frequency filtering and EMI suppres-
sion.

® To further suppress power supply noise and associated
- EMI throughout the circuit board itself, the use of a low
ESL chip capacitor for each IC is highly recommended.
" Because the location of any transient noise on a power
or ground plane would be impossible to predict, and the
IC density of different circuit boards vary dramatically,
every IC on these circuit boards should be adequately
decoupled. A 0.10 uF chip capacitor, located as close to
each ground pin as possible, will provide good high fre-
quency. power supply noise filtering and added EMI sup-
pression. ’

BACKPLANE 'COFNSIDERATIONS

The above discussion .emphasized design techniques for
printed circuit boards. However, because the backplane
may, and usually does, consist of several long signal trans-
mission lines, the same low noise desrgn technrques should
be used.

® Multilayer board technlques should also be applied to the
backplane: If possible, these transmission lines should
be shielded individually. This would allow for a denser
parallel layout of transmrssron lines as well as provrdrng
good EMC.

® Use multiple ground and power connections from the
backplane to the circuit boards’ power and ground
planes to minimize the connection impedance. This will
help to funher suppress any source of power supply gen-
erated EMI.

SYSTEM CONSIDERATIONS

One'of the major sources of radiated system EMI are the
edge connectors, I/O cables, and thelr associated connec-
tors.

® Use care to ensure that, not only the cables are shielded
" and the shield properly grounded, but that the shield to-
tally envelopes both the cable and its connectors. The
shield should seat firmly ‘into a grounded  chassis and
" touch the chassis a full 360° around the connection. An
open ended cable or an improperly grounded connector
shield will be a prime suspect for out-of-spec EMI-emis-
sions and should be avoided. Use shielded coaxial ca-
bles whenever possible. If ribbon cable is preferred,
shield all ribbon cables with.commercially available rib-
bon cable shielding. Again, ensure that this shield is
properly attached to the connector shield by a full 360°.

® In choosing or designing the enclosure for the system,
minimize the number of openings in the enclosure. Since
high:performance logic now deals with smaller wave-
lengths than the older technologies, enclosure opening
sizes should also be considered. Keep openings as small
as possible. If openings are necessary (displays, con-
trols, fans, etc.) there are commercially available acces-
sories that offer good built-in EMI shielding.

If access panels are necessary, ensure that these panels
are properly sealed with some sort of shielding material
(gaskets, copper brushes, etc.).

Of course, the enclosure itself should be of a material
that provides good shielding against electric fields.
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Electromagnetic Interference (continued)

7 = Pulse Width HIGH
= 7, = Rise Time

u 7¢ = Fall Time

= T = Period

s A = Amplitude

= f; = 1st Breakpoint
u f, = 2nd Breakpoint
® § = Duty Cycle = 7/T

z

Magnetic Field H

- - - 2n

Electric Field E

—

' TL/F/10974-33
FIGURE 1.3-16. EMI is Generated by a Current Flowing along Some Path (Loop)

Time Domain: Trapezoldal Pulse Train
Amplitude
(Volts or Amps)

0.9A )
' \

0.5A T
0.1A B \ : Time

s 5 | (Seconds)

TL/F/10974-34

Frequency Domain: Worst-Case Upper Bound Approximation

Amplitude (dB)
Linear scale

2A8 Slope = =20 dB/decade

Slope = -40 dB/decade

Frequency
(Hertz)
Log Scale

1
fl = — 2= —
E23
,“r TL/F/10974-35

FIGURE 1.3-17. Time Domain to Frequency Domain Conversion
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Design Considerations

Electromagnetic Interference (continued)

Radiation (10 dBuV/DIV)

60

[0 FACT ACT244 EMI
m— LVQ244 EMI
—— 1/4 Wavelength

1/4 Wavelength (inches)

Frequency (MHz)
(Fundamental Freq. = 5 MHz)

FIGURE 1.3-18a. Radiation—LVQ versus ACT244

Testing Advanced CMOS Devices with 1/0 Pins

There are more and more CMOS families becoming avail-
able which can replace TTL circuits. Although testing these
new CMOS units with programs and fixtures which were de-
veloped for bipolar devices will yield acceptable results
most of the time, there are some cases where this approach
will cause the test engineer problems.

Such is the case with parts that have a bidirectional pin,
exemplified by the '245 Octal Transceiver. If the proper test-
ing methods are not followed, these types of parts may not
pass those tests for Ipp and input leakage currents, even
when there is no fault with the devices.

CMOS circuits, unlike their bipolar counterparts, have static
Ipp specification orders of magnitude less than standard
load currents. Most CMOS Ipp specifications are usually
less than 100 pA. When conducting an Ipp test, greater
care must be taken so that other currents will not mask the
actual Ipp of the device. These currents are usually sourced
from the inputs and outputs.

TL/F/10974-36

Since the static Ipp requirements of CMOS devices are so
low, output load currents must be prevented from masking
the current load of the device during an Ipp test. Even a
standard 5009 load resistor will sink 6 mA at 3V, which is
more than twice the Ipp level being tested. Thus, most man-
ufacturers will specify that all outputs must be unloaded dur-
ing Ipp tests.

Another area of concern is identified when considering the
inputs of the device. When the input is in the transition re-
gion, Ipp can be several orders of magnitude greater than
the specification. When the input voltage is in the transition
region, both the n-channel and the p-channel transistors in
the input totem-pole structure will be slightly ON, and a con-
duction is created from Vpp to ground. This conduction path
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Testing Advanced CMOS Devices

with 1/0 Pins (continued)

leads to the increased Ipp current seen in the Ipp vs Vin
curve. When the input is at either rail, the input structure no
longer conducts. Most Ipp testing is done with all of the
inputs tied to either Vpp or ground. If the inputs are allowed
to float, they will typically float to the middle of the transition
region, and the input structure will conduct an order of mag-
nitude more current than the actual Ipp of the device under
test which is being measured by the tester.

When testing the Ipp of an LVQ245, problems can arise
depending upon how the test is conducted. Note the struc-
ture of the '245’s 1/0 pins illustrated below.

DRIVE ENABLE

1/opAD  [— P . 1/0 PAD
B

~N

FIGURE 1.3-22.°245 1/0 Structure )
Each 170 pin is connected to both an input device and an

TL/F/10974-37

. output device. The pin can be viewed as having three

states: input, output and output disabled. However, only two
states actually exist.

The pin is either an input or an output. When testing the Ipp
of the device, the pins selected as outputs by the T/R signal

. must either be enabled and left open or be disabled and tied

to either rail. If the output device is disabled and allowed to
float, the input device will also float, and an excessive
amount of current will flow from Vpp to ground. A simple

" rule to follow is to treat any output which is disabled as an

input. This will help insure the integrity of an Ipp test.

Another area which might precipitate problems is the mea-
surement of the leakages on 1/0 pins. The I/0 pin internal
structure is depicted below. '

The pin is internally connected to both an input device and
an output device; the limit for a leakage test must be the
combined I)y specification of the input and the 1oz specifi-
cation of the output. This combined leakage test is defined
as |OZy. For LVQ devices, Iy is specified at £1 pA while
loz is specified at 6 pA. Combining these gives a limit of
+7 pA for 1/0 pins. Usually, 170 pins will show leakages
that are less than the gz specification of the output alone.

Voo

CLAMP DIODES OUTPUT "——

TL/F/10974-38
FIGURE 1.3-23. 1/0 Pin Internal Structure

Testing CMOS circuits is no more difficult than testing their
bipolar counterparts. However, there are some areas of
concern that will be new to many test engineers beginning
to work with CMOS. Becoming familiar with and understand-
ing these areas of concern prior to creating a test philoso-
phy will avert many problems that might otherwise arise lat-
er.

Testing Disable Times of
TRI-STATE® Outputsin a

Transmission Line Environment

Traditionally, the disable time of a TRI-STATE buffer has
been measured from the 50% point on the disable input, to
the (VoL + 0.3V) or (Vo — 0.3V) point on the output. On a
bench test site, the output waveform is generated by a load
capacitor and a pull-up/pull-down resistor. This circuit gives
an RC charge/discharge curve as shown below.

3 OF

OUTPUT

| I |

Voltage (V)

R B S 5 A S I M e
1 2.3 4 5 6 7 8 9 10 11 12
: Time (ns)

TL/F/10974-39
FIGURE 1.3-24. Typical Bench TRI-STATE Waveform

ATE test sites generally are unable to duplicate the bench
test structure. ATE test loads differ because they are usually
programmable and are situated away from the actual de-
vice. A commonly used test load is a Wheatstone bridge.
The following figure illustrates the Wheatstone bridge test
structure when used on the MCT 2000 test-system to dupli-
cate the bench load.

put

TL/F/10974-40
FIGURE 1.3-25. MCT Wheatstone Bridge Test Load

1-43

suoneiapisuo) ubisaq




Design Considerations

Testing Disable Times of TRI-STATE Outputs
in a Transmission Line Environment (continued)

The voltage source provides a pull-up/pull-down voltage
while the current sources provide lgn and lo. When devic-
es with slow output slew rates are tested with the ATE load,
the resultant waveforms closely approximate the bench
waveform, and a high degree of correlation can be
achieved. However, when devices with high output slew
rates are tested, different results are observed that make
correlating tester results with bench results more difficult.
This difference is due to the transmission line properties of
the test equipment. Most disable tests are preceded by es-
tablishing a current flow through the output structure. Typi-
cally, these currents will be between 5 mA and 20 mA. The
device is then disabled, and a comparator detects when the
output has risen to the (Vo + 0.3V) level or fallen to the
(Von — 0.3V) level. )
Consider the situation where the connection between the
device under test (DUT) and the comparator is a transmis-
sion line. Visualize the device output as a switch; the effect
is easier to see. There is current flowing through the line,
and then the switch is opened. At the device end, the reflec-
tion coefficient changes from 0 to 1. This generates a cur-
rent edge flowing back down the line equal to the current
flowing in the line prior to the opening of the switch. This
current wave will propagate down the line where it Will en-
counter the high impedance tester load. This will cause the
wave to be reflected back down the line toward the DUT.
The current wave will continue to reflect in the transmission
line until it reaches the voltage applied to the tester load. At
this point, the current source impedance decreases and it
will dissipate the current. A typical waveshape on a modern
ATE is depicted in Figure 1.3-26.
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/ ouTPUT
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Time (ns)

Voltage (V)

TL/F/10974-41
FIGURE 1.3-26. Typical ATE TRI-STATE Waveform

Transmission line theory states the voltage level of this cur-
rent wave is equal to the current in the line times the imped-
ance of the line. With typical currents as low as 5 mA and
impedances of 500 to 609, this voltage step can be as
minimal as 250 mV. If the comparator was programmed to
the disable measurement points, it would be looking for a
step of approximately 300 mV at 3.0V Vpp. Three reflec-
tions of the current pulse would be required before the com-
parator would detect the level. It is this added delay time
caused by. the, transmission line environment of the ATE
that may cause parts to fail customer’s incoming tests, even
though the device meets specifications. The figure below
graphically shows this stepout.

Point A represents the typical 50% measurement point on
tester driven waveforms. Point B reprsents the point at
which the delay time would be measured on a bench test
fixture. Point C represents where the delay time could be
measured on ATE fixtures. The delay time measured on the
ATE fixture can vary from the bench measured delay time to
some greater value, depending upon the voltage level that
the tester is set. If the voltage level of the tester is close to
voltage levels of the plateaus, the results may become non-
repeatable.
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FIGURE 1.3-27. Measurement Stepout
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54LVQ/74LVQ00
Low Voltage Quad 2-Input NAND Gate

General Description

The 'LVQOO contains four 2-input NAND gates.

Features ,
m Ideal for low power/low noise 3.3V applications .

- m Guaranteed simultaneous switching noise level and
dynamic threshold performance '

m Guaranteed pin-to-pin skew AC performance
® Guaranteed incident wave switching into 750

Ordering Code: sce Sections

Logic Symbol
IEEE/IEC

Ay & _
B %
Ay — - 31
81 —
Ay —i -
. = -

B, —| 02
A _

h .3,
By =

TL/F/1_1341—1 '

Pin Names Description
An, Bn Inputs
On. Outputs

Connection Diagrams

Pin Assignment Pin Assignment
for DIP, Flatpak and SOIC forLCC
_/ ' . o BNC A NC O
po—1 v ; EIEE
2 = 13 -
o R
=2 5 g, ‘
4 11 =
b 0 2 g
B Ay
Y Y
onp—4 LI 20,
4 [
TL/F/11341-2 A} NC 52 NC Bz

TL/F/11341-3
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LvQoo

Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
please contact the National Semiconductor Sales
Office/Distributors for availabllity and specifications. Sl{er\.;IéVoltage Vec) 3.0Vto 3.6V
Supply Voltage (Vco) —0.5Vto +7.0V Input Voltage (V}) OVioVee
D(.:/ Input Diode Current (ljk) 20mA Output Voltage (Vo) 0Vto Veg
1= —0.5V —20m, T
V| = Vgg + 0.5V +20 mA' Operating Temperature (Ta) - . 85°G
— 4 J + 0,
DG Input Voltage (V) —0.5Vto Vg + 0.5V ;:txg A A
DC\Z,OTPTOD;C\’;’G Current (lok) . —20 mA Minimum Input Edge Rate (AV/At) ‘
VO = Ver + 0.5V ' +20 mA V| from 0.8V to 2.0V
0=Vec ™0 m Vee @ 3.0V 125 mV/ns
DC Output Voltage (Vo) —0.5Vto Vge + 0.5V
DC Output Source : '
or Sink Current (Ip) 50 mA
DC V¢ or Ground Current
per Output Pin (Icc or Ignp) +50 mA
Storage Temperature (TsTg) —65°Cto +150°C
DC Latch-Up Source or -
Sink Current +100 mA
Junction Temperature (T )
CDIP 175°C
PDIP - 140°C
Note 1: Absolute maximum ratings are those values beyond which damage *
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom-
mend operation of 'LVQ circuits outside databook specifications.
DC Characteristics
74LVQ . 54LVQ 74LVQ
Vee = 4 oge Ta= Ta=
Symbol Parameter ) Ta = +25°C —55°C to +125°C | —40°C to +85°C Units Conditions
Typ Guaranteed Limits
ViH Minimum High Level Vour = 0.1V
Input Voltage 3.0 1.5 2.0 20 20 v orVeg — 0.1V
ViL Maximum Low Level Vout = 0.1V
Input Voltage 3.0 15 0.8 0.8 0.8 v orVgg — 0.1V
VoH Minimum High Level | 3.0 | 2.99 2.9 2.9 2.9 v loutr = —50 pA
Output Voltage *ViN = ViLorViH
3.0 2.56 24 2.46 \ lon = —12mA
Vo|_ Maximum Low Level 3.0 0.002 0.1 0.1 0.1 \ lout = 50 )J.A
Output Voltage *VIN = ViLorViy
3.0 0.36 0.5 0.44 \ loL = 12mA
N Maximum Input Vi = Vee, GND
Leakage Current 36 0.1 +1.0 +1.0 pA

*All outputs loaded; thresholds on input associated with output under test,
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DC Characteristics
74LVQ 54LVQ 74LVQ
Symbol Parameter Vee| 1, = +a5°¢ Ta= Ta = Units Conditions
| A —55°C to +125°C| —40°C to +85°C
Typ Guaranteed Limits

loLo ‘ ‘FtMinimum Dynamic 3.6 36 mA | Vorp = 0.8V Max (Note 1)
lowp | Cuteut Current 36 —25 mA |Voup = 2.0V Min (Note 1)
Icc Maximum Quiescent ‘ ViN = Vce

Supply Current 3.6 25 50 25 HA or GND
VoLp Qme.t Output ) a3 | o6 1.0 v (Notes 2, 3)

Maximum Dynamic Vo '
VoLv Q.uu.at Output . 33| —0s5| —10 v (Notes 2, 3)

Minimum Dynamic VoL
ViHD Maxnmt.xm High Level asl| 15 20 v (Notes 2, 4)

Dynamic Input Voltage
ViLo Maxnmlfm Low Level 33| 15 0.8 v (Notes 2, 4)

Dynamic Input Voltage

‘TMaximum test duration 2.0 ms, one output loaded at a time.
Note 1: Incident wave switching on transmission lines with impedances as low as 750 for commercial temperature range is guaranteed for 74LVQ.
Note 2: Worst case package.
Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND.

Note 4: Max number of Data Inputs (n) switching. (n — 1) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (Vi p), OV to threshold
(Viip), f = 1 MHz,

AC Electrical Characteristics: see section 1.2 for waveforms

74LVQ 54LVQ 74LVQ
Ta= —55C | Ta=—40°C
* = 0,
Symbo! Parameter V(“:,‘; Tc“ ~ ::5: to +125°C to +85°C | Units ';'3'
L=30P Cp = 50 pF CL = 50 pF )
Min Typ Max Min Max Min Max
tPLH Propagation Delay 3.3 2.0 7.0 9.5 1.0 11.0 2.0 100 | ns 1.2-3,4
tPHL Propagation Delay 3.3 1.5 55 8.0 1.0 9.0 1.0 8.5 ns 1.2-3,4
tosHL, | Outputto Output Skew**
tosLH Data to Output 3.3 1.0 1.5 1.5 ns 1.2-19

*Voltage range is 3.3V 0.3V

**Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device, The specification
applies to any outputs switching in the same direction, either HIGH to LOW (togh1) or LOW to HIGH (tosLH). Parameter guaranteed by design.

Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Capacitance 45 pF Vee = 3.3V
Cep Power Dissipation _
(Note 1) Capacitance 22 PF Vee = 33V

Note 1: Cpp is measured at 10 MHz.
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54LVQ/ 74LVQ02

Low Voltage Quad 2-lnput NOR Gate

General Description "

Features

The 'LVQO2 contains four, 2-input NOR gates. m |deal for low power/low noise 3 v applications’

m Guaranteed-simultaneous switching noise Ievel and - -
dynamic threshold performance :
B Guaranteed pin-to-pin skew AC performance
" m Guaranteed incident wave switching into 750

Ordering Code: see sections

Logic Symbol
IEEE/IEC
— =1 _
A z N5,
Bp — :
A— -
B — 0
Ay -t —
~_-
By — 0
Ay — -
3
By —| -3
TL/F/11342-1
Pin Names Descrlptlbn
An, B : Inputs
On Outputs

Connection Diagrams

PlhAsslgnmentfor : .- Pin Assignment

DIP, Flatpak and SOIC . - for LCC
_ " A NC T NC By
S =—Vec EE
2 13 = ‘
“’—sﬁ 2,
o 112
[ Ay
AI_E 1_0_63
: 6 g 9
o &T"‘
GND —— = Ay
. TL/F/11342-2 E
o 05 NC 4, NC B,

TL/F/11342-3
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Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vcc) —0.5Vto +7.0V
DC Input Diode Current (I|k)
V)= —0.5V : —20 mA
V| = Vgc + 0.5V +20 mA

DC Input Voltage (V)

—0.5VtoVge + 0.5V
DC Output Diode Current (Iok) ‘

Recommended Operating

Conditions
Supply Voltage (Vcc)

'LvQ 3.0V to 3.6V
Input Voltage (V)) 0VtoVce
Output Voltage (Vo) 0V toVce
Operating Temperature (Ta)

74LvQ —40°Cto +85°C

54LvQ —-55°Cto +125°C

Minimum Input Edge Rate (AV/At)

Vo = —0.5V —20 mA
_ V)N from 0.8V to 2.0V
Vo = Vec + 0.5V +20mA Voo @ 3.0V 125 mV/ns
DG Output Voltage (Vo) —0.5Vto Vg + 0.5V
DC Output Source
or Sink Current (o) +50 mA
DC V¢ or Ground Current
per Output Pin (Icc or IgnD) +50 mA
Storage Temperature (TsTg) —65°Cto +150°C
DC Latch-Up Source or i
Sink Current +100 mA
Junction Temperature (T)
CDIP 175°C
PDIP - 140°C
Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom-
mend operation of 'LVQ circuits outside databook specifications.
DC Characteristics
74LVQ 54LvVQ 74LvQ
Symbol Parameter Vee |- Ta= +25C Ta= Ta = Units Conditions
(\)) —55°Cto +125°C | —40°C to +85°C
Typ Guaranteed Limits
ViH Minimum High Level ' Vout = 0.1V
Input Voltage 30 15 20 20 20 v orVee — 0.1V
Vi Maximum Low Level : Vout = 0.1V
Input Voltage 30 18 08 08 0.8 v orVeg — 0.1V
VoH Minimum High Level | 3.0 2.99 2.9 2.9 29 v lout = —50 pA
Output Voltage Y
3.0 | 256 2.4 2.46 v | Vin=VicorViy
loH = —12mA
VoL Maximum Low Level | 3.0 | 0.002 0.1 0.1 0.1 v lout = 50 pA
Output Voltage . _
3.0 0.36 0.5 0.44 v | Vin=VieorViy
. : loL = 12mA
N Maximum Input 36 | . +0.1 £1.0 +1.0 BA Vi = Vge, GND
Leakage Current

*All outputs loaded; thresholds on input associated with output under test.
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LvQo2

DC Characteristics (continued)

74LVQ 54LVQ 74LVQ
Symbol Parameter Vee Ta = +25°C Ta= Ta = Units ‘Conditions
) v) ) —55°Cto +125°C| —40°C to +85°C e
Typ ) Guaranteed Limits )
loLp ‘tMinimum Dynamic 3.6 36 mA [ VorLp = 0.8V Max (Note 1)
lonp | Output Current 3.6 ' —25 mA | Voup = 2.0V Min (Note 1)
lcc Maximum Quiescent ViN = Vce
Supply Current 36 25 50 ' % KA or GND
Vorp Qwe.t Output . a3l os 1.0 . v (Notes 2 & 3)
Maximum Dynamic VoL
Vowv le.et Output . 33| 07! -1.0 v (Notes 2 & 3)
Minimum Dynamic Vo
ViHD MammL’xm High Level aa| 17 20 . v (Notes 2 & 4)
Dynamic Input Voltage
ViLo Maximum Low Level asl| 17 08 v (Notes 2 & 4)
Dynamic Input Voltage ’ ’ :
FTMaximum test duration 2.0 ms, one output loaded at a time. .
Note 1: Incident wave switching on transmission lines with impedances as low as 750 for commercial p range is gt d for 74LVQ.

Note 2: Worst case package.
Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND. )

Note 4: Max number of Data Inputs (n) switching. (n — 1) inputs switching OV to 3.3V. Input-under-test swiiching: 3.3V to threshold (V|.p), OV to threshold
(Vigp), f = 1 MHz.

AC Electrical Characteristics: see section 1.2 for waveforms

74LVQ 54LVQ 74LVQ
. .Ta= —55°C Ta = —40°C
* = 0,
Symbol’ Parameter V&‘; .Té‘ _ .;02 5: to +125°C - to +85°C Units I;Ig
o L=sop CL = 50 pF CyL = 50 pF .
Min Typ Max "Min Max Min Max
tPLH Propagation Delay "33 1.5 5.0 75 1.0 9.0 1.0 8.0 ns | 1.2-34
tPHL Propagation Delay 3.3 1.5 5.0 7.5 1.0 9.0 1.0 . 8.0 ns | 1.2-3,4
tosHL, | Outputto Output Skew** a ' i 1.2-19
tosLH Data to Output 3.3 1.0 1.5 1.5 ns

*Voltage range is 3.3V +0.3V

**Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, sither HIGH to LOW (togHL) or LOW to HIGH (tosLH). Parameter guaranteed by design.

Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Capacitance 4.5 pF Veo = 3.3V
Cpp (Note 1) Power Dissipation Capacitance 20 pF Vee = 3.3V

Note 1: Cpp is measured at 10 MHz.
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54LVQ/74LVQ04
Low Voltage Hex Inverter

General Description

The 'LVQO04 contains six inverters.

Features
- W ldeal for low power/low noise 3.3V applications

m Guaranteed simultaneous switching noise level and
dynamic threshold performance

M Guaranteed pin-to-pin skew AC performance
- @ Guaranteed incident wave switching into 750

Ordering Code: seo Section 8

Logic Symbol
IEEE/IEC
Ay 1 - 60
A P 0,
A, — P 0,
Ay — P 0y
Ay — =
Ag — N 0s
TLIF/11343-1

Pin Names Description
An Inputs

On Outputs

Connection Diagrams

Pin Assignment

for DIP, Flatpak and SOIC
= 2 ? ' ~ 13
% A
3 12 o
M 3
61 _4j lA‘
5 § 10 =
AZ_—s—_? 9—'04
0, ; v T, Ag
GND— 05

" TL/F/11343-2

'Pin Assignment
for LCC

B, NC A NC G,
EDE EE

MEmEEE
A NC 0, NC B,
" TL/F/11343-3
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LvQo4

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vcc) —-0.5Vto +7.0V
DC Input Diode Current (Iik)
Vi = —-0.5V —20mA
V| = Vgg + 0.5V +20 mA

DC Input Voltage (V)

-0.5VtoVge + 0.5V
DC Output Diode Current (Iok) ’

Vo = —0.5V —20mA

Vo = Vg + 0.5V +20 mA
DC Output Voltage (Vo) —0.5Vto Vg + 0.5V
DC Output Source

or Sink Current (Ip) +50 mA
DC Vg or Ground Current

per Output Pin (Icc or Ignp) +50 mA

Storage Temperature (TsTg) —65°Cto +150°C

DC Latch-Up Source or '
+100 mA

Sink Current

Junction Temperature (T,)
CDIP 175°C
PDIP 140°C

Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom-
mend operation of LVQ circuits outside databook specifications.

Recommended Operating

Conditions
Supply Voltage (Vog)

‘Lv@ 3.0Vto 3.6V
Input Voltage (V) © OVtoVce
Output Voltage (Vo) OVitoVee
Operating Temperature (Ta)

74LVQ —40°Cto +85°C

54LVQ —55°Cto +125°C

Minimum Input Edge Rate (AV/At)
VN from 0.8V to 2.0V
Vec @ 3.0V

Note: Plastic DIP is not recc ded for appli
greater than 2000 temperature cycles from —40°C to +125°C.

125 mV/ns
requiring

DC Characteristics

74LVQ 54LVQ 74LVQ
Symbol Parameter Vee | 1, - 125c Ta= Ta = Units | Conditions
) —55°C to +125°C | —40°C to +85°C
Typ Guaranteed Limits
VIH Minimum High Level . ' Vout = 0.1V
Input Voltage 3.0 15 20 20 20 : v orVgg — 0.1V
ViL Maximum Low Level 1.5 : Vout = 0.1V
Input Voltage 30 08 08 08 v orVeg — 0.1V
Vou Minimum High Level | 3.0 | 2.99 29 2.9 2.9 vV | 1our= —~50pA
Output Voltage * -
3.0 2.56 24 2.46 v | VIN=VicorViyg
loH = —12mA
VoL Maximum Low Level | 3.0 | 0.002 0.1 0.1 0.1 \ louT = 50 pA
Output Voltage "y =
3.0 0.36 05 0.44 v | VIN=ViLorVig
loL = 12mA
N Maximum Input 3.6 £0.1 £1.0 £1.0 pA | V= Voo, GND
Leakage Current .

*All outputs loaded; thresholds on input associated with output under test.




DC Characteristics (continued)

FODAT

74LvVQ 54LvQ 74LVQ
Symbol Parameter ‘:s;’ Ta=+25C | 55,;;‘; ::_ . 40°g?°=+ gsec | Units Conditions
Typ Guaranteed Limits

lo,o | tMinimum Dynamic 3.6 ' 36 mA |VoLp = 0.8V Max (Note 1)
lonp | Output Current 3.6 —25 mA | Vonp = 2.0V Min (Note 1)
lee Maximum Quiescent VIN = Vce

Supply Current 36 25 S0 2 KA or GND
VoLp | Quiet Output 33| o8 14 . v (Notes 2 & 3)

Maximum Dynamic Vor | : ' :
Vov | Quiet Output sal o8| 14| y |(Notes2&3)

Minimum Dynamic Vo | ’ '
ViHD Maximum High Level (Notes 2 & 4)

Dynamic Input Voltage 33| 17 20 v
Viio | Maximum Low Level ' ' : (Notes 28 4)

Dynamic Input Voltage 331 16 08 v

‘tMaximum test duration 2.0 ms, one output loaded at a time. . . .
Note 1: Incident wave switching on ission lines with imped as low as 750 for commercial temperature range is g d for 74LVQ.
Note 2: Worst case package. - .

Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; ons output at GND.

Note 4: Max number of Data Inputs (n) switching. (n — 1) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (V). p) OV to threshold
(ViHp)} f = 1 MHz.

AC Electrical Characteristics: see Section 1.2 for waveforms

74LVQ : 54LVQ 74LVQ
Ta = —55°C Ta = —40°C ’
* = 4 25° 3
Symbol Parameter V(“‘Ic) Té‘ _ 5:5: to +125°C to +85°C Units :'g
- L=0p CL = 50 pF CL = 50 pF .
Min Typ Max Min Max Min Max
tPLH Propagation Delay 3.3 1.5 4.5 9.0 1.0 11.0 1.0 10.0 ns 1.2-3,4
tpHL Propagation Delay 3.3 1.5 4.5 8.5 1.0 10.0 1.0 9.5 ns 1.2-3,4
tosHL, Output to Output Skew** g
tosLh Data to Output 3.3 1.0 1.5 1.5 ns 1.2-19

*Voltage range is 3.3V +0.3V

**Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, either HIGH to LOW (togH) or LOW to HIGH (togy ). Parameter guaranteed by design.

Capacitance
 Symbol Parameter Typ Units Conditions
CiN Input Capacitance 4.5 pF Voo = 3.3V
Cpp Power Dissipation _
- (Note 1) Capacitance 7 PF Vee = 3.3V

Note 1: Cpp is measured at 10 MHz.
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54LVQ/74LVQ08
Low Voltage Quad 2-Input AND Gate

General Description Features ‘
The 'LVQO8 contains four, 2-input AND gates. m |deal for low power/low noise 3.3V applications
# Guaranteed simultaneous switching noise level and
dynamic threshold performance
M Guaranteed pin-to-pin skew AC performance
m Guaranteed incident wave switching into 75Q

Ordering Code: see Section s

Logic Symbols ' Connection Diagrams
. Pin Assignment : Pin Assignment
IEEE/IEC for DIP, Flatpak and SOIC forLCC
] & ‘ Y B, NC A NC Oy

AO . 00 A0_1 -1—4-Vcc 3] E [«
Bo — 2| - i3,

A ] , B = A

1 — 0= )

By — A2 o
Ay — "5 ™
8 L— o0, B, Ay

— ‘575 T
Ay ——i R O . e
N — 0y - oNo=1 - 0

3 : . IEmE@E

TL/F/11344-1 TLIF/1.1344—2, AS NC 02 NC BZ
TL/F/11344-3

Pin Names Description
An, Bn Inputs

On Outputs




Absolute Maximum Ratings (Note 1)

Recommended Operat_ing

It Military/Aerospace specitied devices are required, Conditions
please contact the National Semiconductor Sales s
N upply Voltage (Vce)
Office/Distributors for availability and specifications. ‘va 3.0V 10 3.6V
ﬁl(l}p::’ly Vtog.ag‘;ie (XCC) (o) —08Vio +7.0V Input Voltage (V) 0Vto Voo
nput Diode Current (Ijk »
TV = —05V —20mA Output.VoItage Vo) 0Vto Ve
V) = Vg + 0.5V +20mA Operlz-a\t;gg Temperature (Ta) . R "
; . 74 —40°Cto +85°
‘DC Input Volt.age (é/l) 0.5Vto Vg + 0.5V 54LVQ —55°Cto +125°C
DC Output Diode Current (oK) Minimum Input Edge Rate (AV/A1) :
Vo = —0.5V . —20 mA .
Ve = Ve + 0.5V +20mA V) from 0.8V to 2.0V
o~ Ycc T U Voo @ 3.0V 125 mV/ns
DC Output Voltage (Vo) —0.5Vto V¢g + 0.5V : )
1 DC Output Source
or Sink Current (Ip) +50 mA
DC Vg or Ground Current
per Output Pin (Icc or IgnD) +50 mA .
Storage Temperature (TsTg) —65°Cto +150°C ‘ ‘
DC Latch-Up Source or :
Sink Current +100 mA
Junction Temperature (T,) )
CDIP 175°C
PDIP 140°C
Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply, ~
temperature, and output/input loading variables. National does not recom-
mend operation of 'LVQ circuits outside databook specifications.
DC Characteristics
74LvQ 54LVQ -~ 74LVQ
Symbol Parameter Vee | 1, = +25°¢ Ta= Ta = Units |  Conditions
(\)] —55°Cto +125°C | —40°C to +85°C .
Typ Guaranteed Limits
VIH Minimum High Level . Vout = 0.1V
: Input Voltage 3.0 15 20 20 : 20 v orVgg — 0.1V
ViL Maximum Low Level 30 15 0.8 08 ) 08 - V- Vourt = 0.1V
Input Voltage ) .
VoH Minimum High Level | 3.0 | 299 [ 29 2.9 © 29 V' | loyr = —50 pA
Output Voltage N =
3.0 2.56 2.4 246 v | VINE=ViorVig
) doH = —12mA
VoL Maximum Low Level | 3.0 | 0.002 | 0.1 0.1 0.1 V | lout = 50 pA
Output Voltage . = .
: 3.0 0.36 05 0.44 v [ ViN=ViLorViy
loL = 12mA
N Maximum Input 36 +0.1 £10 £1.0 LA V| = Vgg, GND
| Leakage Current

*All outputs loaded; thresholds on input associated with output under test.
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DC Characteristics
74LvVQ ~ 54LVQ 74LVQ
Symbol Parameter ‘:3;’ Ta= +25°C | 55°cTt‘<\: i 12570 | — 4°°g‘t‘°=+ g5c| Units  Conditions
Typ Guaranteed Limits

loLp ‘tMinimum Dynamic 3.6 ' 36 mA | VoLp = 0.8V Max (Note 1)
loup | Output Current 3.6 ' —25 mA |Vonp = 2.0V Min (Note 1)
lcc g:;‘gl';"c"; S:::scem 36| | 25 50 25 pA Z%;DVCC
VoLp Quiet Output 33| o4 08 ' . v (Notes 2 & 3)

Maximum Dynamic Vo
VoLv | Quiet Output 33| —04| —os v (Notes 2 & 3)

Minimum Dynamic VoL
v |tz
ViLo Maximum Low Level a3l 18 08 v (Notes 2 & 4)

Dynamic Input Voltage

tMaximum test duration 2.0 ms, one output loaded at a time.

Note 1: Incident wave switching on transmission lines with impedances as low as 755 for commercial p range is g d for 74LVQ.
Note 2: Worst case package. )

Note 3: Max number of outputs defined as (n). Data inputs are driven 0V to 3.3V; one output at GND.

Note 4: Max number of Data Inputs (n) switching. (n — 1) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (V) p), OV to threshold
(Vip) f = 1 MHz.

AC Electrical Characteristics: see Section 1.2 for waveforms.

74LVQ 54LVQ 74LVQ
Ta= —55C | Ta= —40°C
. * = o
Symbol Parameter v&‘; Té‘ _ ;:5: to +125°C to +85°C Units l;lg
L P CL = 50 pF CL = 50 pF -
Min Typ Max Min Max Min  Max
tPLH Propagation Delay 3.3 1.5 7.5 9.5 1.0 125 1.0 10.0 ns | 1.2-3,4
tPHL Propagation Delay 3.3 1.5 7.0 8.5 1.0 115 1.0 9.0 ns | 1.23,4
tosHL, | Outputto Output Skew** ) ) g
tosLH Data to Output 3.3 1.0 1.5 1.5 ns 1.2-19

*Voltage range is 3.3V +0.3V

**Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, either HIGH to LOW (tgsH) or LOW to HIGH (tospn). Parameter guaranteed by design.

Capacitance
Symbol Parameter . Typ Units Conditions
CiNn Input Capacitance 4.5 pF Vce = 3.3V
Cpp Power.Dissipation 17 oF Vee = 3.3V
(Note 1) Capacitance

Note 1: Cpp is measured at 10 MHz.
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54LVQ/74LVQ14

Low Voltage Hex Inverter with Schmitt Trigger Input

General Description

The 'LVQ14 contains six inverter gates each with a Schmitt
-|. trigger input. They are capable of transforming slowly
changing input signals into sharply defined, jitter-free output
signals. In addition, they have a greater noise margin than

conventional inverters.

Features ‘

u |deal for low power/low noise 3.3V applications

W Guaranteed simultaneous switching noise Ievel and
dynamic threshold performance .

B Guaranteed pin-to-pin skew AC performance

B Guaranteed incident wave switching into 750

The 'LVQ14 has hysteresis between the positive-going and
negative-going input thresholds (typically 1.0V) which is de-
termined internally by transistor ratios and is essentially in-
sensitive to temperature and supply voltage variations.

Ordering Code: see section8

Logic Symbol
IEEE/IEC
e i ! -0,
=1 0
b= -0,
=T —0;
,— -0,
ls— o 05
TL/F/11345-1
Function Table
Input Output
A [
L H
H L

Connection Diagrams

Pin Assignment Pin Assignment
for DIP, Flatpak and SOIC forLCC
N\ 1 I NC G NC |
j :Vcc BOEE III
Fy I
11
Ve
=y,
Vs
8 —
03 /
TL/F/11345-2 =l
0, NC I, NC 05
Pin Names Description
In Inputs
On Outputs

TL/F/11345-3
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vce) —0.5Vto +7.0V
DC Input Diode Current (ljk)
V= —-0.5vV —20 mA
Vi = Ve + 0.5V +20 mA

DC Input Voltage (V))

—0.5Vto Vgg + 0.5V
DC Output Diode Current (Iok) ) i

Recommended Operating

Conditions
Supply Voltage (Vce)

'Lva 3.0Vto 3.6V
Input Voltage (V)) 0V to Vee
Output Voltage (Vo) OVto Ve
Operating Temperature (Ta)

74LVQ —40°Cto +85°C

54LVQ - —55°Cto +125°C

Minimum Input Edge Rate (AV/At)

Vo = —0.5V —~20 mA ; ,
_ V|n from 0.8V to 2.0V
Vo = Vce + 0.5V +20 mA VeG @ 3.0V : 125 mV/ns
DC Output Voltage (Vo) —0.5Vtoto Vgg + 0.5V
DC Qutput Source
or Sink Current (o) +50 mA
DC V¢ or Ground Current
per Output Pin (Icc or Ignp) +50 mA
Storage Temperature (TsTg) —65°Cto +150°C
DC Latch-Up Source or
Sink Current +100 mA
Junction Temperature (Ty)
CDIP 175°C
PDIP 140°C
Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,”
temperature, and output/input loading variables. National does not recom-
mend operation of 'LVQ circuits outside databook specifications.
DC Characteristics
' 74LVQ 54LvQ 74LVQ
Symbol Parameter Vee Ta = +25°C Ta= Ta = Units Conditions
V) —55°Cto +125°C | —40°C to +85°C
Typ Guaranteed Limits
VoH Minimum High Level - _
Output Voltagé 3.0 2.99 29 2.9 2.9 \ lout 50 uA
* =
3.0 256 2.4 2.46 ];_"N= AN
VoL Maximum Low Level _
Output Voltage 3.0 | 0.002 0.1 0.1 01 \' lout = 50 pA
- . — v
3.0 0.36 05 0.44 v l:iN= 1\2"";12' Vi
N Maximum Input _
Leakage Current 3.6 +0.1 +1.0 +1.0 pA | VI = Ve, GND
Vi+ Maximum Positive ’ _
Threshold 3.0 2.2 2.2 2.2 \ Ta = Worst Case
Vi— Minimum Negative _
Threshold 3.0 0.5 0.5 0.5 \) Ta = Worst Case

*All outputs loaded; thresholds on input associated with output under test.
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DC Characteristics (continued)

74LVQ 54LVQ 74LVQ
Symbol Parameter ‘(,3;: Ta= +25°C | 55° c'l;‘; j_ 125°¢ | —a0° g?o=+ 85°C Units Conditions
Typ Guaranteed Limits

Vh(max) | Maximum Hysteresis 3.0 1.2 1.2 1.2 V | Ta = Worst Case
Vi(min) | Minimum Hysteresis 3.0 0.3 0.3 0.3 V | Ta = Worst Case
loLp ‘TMinimum Dynamic 3.6 36 mA | VoLp = 0.8V Max (Note 1)
lonp | Output Current 3.6 —25 mA | Vonp = 2.0V Min (Note 1)
lcc Maximum Quiescent _

Supply Current 3.6 25 50 25 pA | ViN = Vgc or GND
VoLp Quiet Output 33| o9 11 v (Notes 2, 3)

Maximum Dynamic VoL | ~ : ’
VoLv | Quiet Output a3 | —os| —1.1 v (Notes 2, 3)

Minimum BynamicVgL | |- ’
ViHD Maximum High Level 33| 19 20 v (Notes 2, 4)

Dynamic Input Voltage ’ i .
Vio  |Madmumlowlevel | 441 44 | 5 V | (Notes2, 4)

Dynamic Input Voltage

tMaximum test duration 2.0 ms, one output loaded at a time.

Note 1: Incident wave switching on transmission fines with impedances as low as 750 for commercial P Ire range is gt d for 74LVQ.
Note 2: Worst case package. '

Note 3: Max number of outputs defined as (n). Data inputs are driven 0V to 3.3V; one output at GND.

Note 4: Max number of Data [nputs (n) switching. (n — 1) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (Vi.p), OV to threshold
(Vibp), f = 1 MHz.

AC Electrical Characteristics: see Section 1.2 for waveforms

74LVQ 54LVQ 74LVQ
Tp = —55°C Ta = —40°C
* = J

Symbol Parameter Vgg Té\ _ 45-02 5: to +125°C to +85°C Units '::g

L= 0P CL = 50 pF CL = 50 pF -

Min Typ Max Min Max Min Max
tPLH Propagation Delay | 3.3 1.5 9.5 13.5 1.0 16.0 1.5 15.0 ns 1.2-3,4
tPHL Propagation Delay 3.3 1.5 75 11.5 1.0 14.0 1.5 13.0 ns 1.2-3,4
tosHL, Output to Output
tosLH Skew** 3.3 1.0 1.5 1.5 ns 1.2-19
Data to Output

*Voltage Range is 3.3V £0.3V

**Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, either HIGH to LOW (togny) or LOW to HIGH (tos) ). Parameter guaranteed by design.

Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Capacitance 4.5 pF Ve = 3.3V
Cpp Power.Dissipation 20 oF Vce = 3.3V
(Note 1) Capacitance

Note 1: Cpp is measured at 10 MHz.
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54LVQ/74LVQ32

Low Voltage Quad 2-Input OR Gate

General Description

The 'LVQ32 contains four, 2-input OR gates.

Features :

m |deal for low power/low noise 3.3V applications

M Guaranteed simultaneous switching noise level and dy-
namic threshold performance :

m Guaranteed pin-to-pin skew AC performance

Ordering Code: see section 8

B Guaranteed incident wave switching into 75Q

Logic Symbol Connection Diagrams
Pin Assignment Pin Assignment
IEEE/IEC for DIP, Flatpak and SOIC _ for LCC
—] 1 % B NC A NC O
% > Lo =4 e v, B EE
Bo b ao _2 W _‘_3... Az
5 —] . N i PP ‘
— 0 il TN
B — 4 0,
Ay — B —2 10,
f— 0.
— 2 _Lé Ve
Ay m— GND = L= 0,
— 0; ,
By —]
3 - TL/F/11346-2 - . &l
TL/F/11346-1 h Az NC 0, NC B,
TL/F/11346-3
Pin Names Description
An, Bn Inputs
On Outputs
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Absolute Maximum Ratings (Note 1) Recommended Operating 2
If Military/Aerospace specified devices are required, Conditions N
please contact the National Semiconductor Sales
Oftice/Distributors for availability and specifications. ‘ S‘{E’\J)évmage (Veo) SOV 1036V
Supply Voltage (Vcc) —-0.5Vto +7.0v - Input Voltage (V}) OVtoVee
DC Input Diode Current (k) o
. Output Voltage (Vo) 0VtoVce

V= —0.5V ~20 mA .

Vi = Vog + 0.5V -ij20 mA Op;zrs\t;r&g Temporature (T4 —40°Cto +85°C
DC Input Voltage (V) —0.5Vto Ve + 0.5V 54LVQ —55°C to +125°C
D(\:/Omiptfg) :5(:?6 Gurrent (lox) —20mA Minimum Input Edge Rate (AV/At)

v° = Ve 4+ 05V . +20 mA VN from 0.8V to 2.0V

0=VYcc T m Vog @ 3.0V 125 mV/ns
DC Output Voltage (Vo) —0.5Vtoto Vgg + 0.5V
DC Output Source

or Sink Current (lg) +50 mA
DC V¢c or Ground Current :

per Output Pin (Icg or Ignp) +50 mA
Storage Temperature (TsTg) —65°Cto +150°C
DC Latch-Up Source or

Sink Current +100 mA
Junction Temperature (T,)

cbipP 175°C

PDIP 140°C
Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom-
mend operation of 'LVQ circuits outside databook specifications.

DC Characteristics
74LVQ 54LvVQ 74LvVQ
Symbol Parameter Vee Ta = +25°C Ta= Ta = Units Conditions
1w A —55°Cto +125°C | —40°C to +85°C
Typ : Guaranteed Limits
ViH Minimum High Level . | Vout = 0.1V
Input Voltage 3.0 18 20 20 20 v orVec — 0.1V
ViL Maximum Low Level ' Vour = 0.1V
Input Voltage 3.0 18 08 08 08 v orVgc — 0.1V
VoH Minimum HighLevel | 8.0 | 299 | 29 29 29 V | lour = —50 pA
Output Voltage . : * =
, 3.0 256 2.4 . 246 v | ViN=ViLorViy
lon= —12mA
VoL Maximum Low Level | 3.0 | 0.002 | 0.1 0.1 0.1 louT = 50 pA
Output Voltage * =V
| 30 0.36 0.5 0.4 v | Vin=VieorViy
loL = 12mA
N Maximum Input 3.6 £0.1 £1.0 Cos10 LA V| = Vge, GND
Leakage Current
*All outputs loaded; thresholds on input associated with output under test.
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DC Characteristics (continued)

74LVQ ' 54LVQ . 74LVQ
Vee _ . S Ta= Ta = o
Symbgl Parameter ) Ta= +25°C | _ 55°C to +125°C | —40°C to +85°C Units . Qondltlons
‘ . Typ | . - Guaranteed Limits

lop | tMinimum Dynamic 36 P t 36 mA |VorLp = 0.8V Max (Note 1)
lonp | Output Current 3.6 « . —25 mA | Vonp = 2.0V Min (Note 1)
'OC‘ Maximum Quiescent . | - | VIN = Veo

Supply Current 36| ?'5 ‘ s .. 25 BA or GND
VoLp | Quiet Output 33| o5 | 08 o ) y |(MNotes2&3)

Maximum Dynamic Vo | X .
VoLv | Quiet Output 33| -05| —os o v (Notes 2 & 3)

Minimum Dynamic Vo | ’ ’ )
ViHD Maximum High Level 3s| 19 20 AR v (Notes 2&4)

Dynamic Input Voltage ! ' ’ - :
Vio | MaxmumLowlevel | 551 4g | g ‘ V | (Notes2&4)

Dynamic Input Voltage . iy

TMaximum test duration 2.0 ms, one output loaded at a time. '

Note 1: Incident wave switching on transmission lines with impedances as low as 750 for commercial temperature range is guaranteed for 74LVQ.
Note 2: Worst case package. '

Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; one outpui at GND.

Note 4: Max number of Data Inputs (n) switching. (n — 1) inputs switching OV to 3.3V. Input-under -test switching: 3.3V to threshold (ViLp), OV to threshold
(Vipp), £ = 1 MHz.

AC Electrical Characteristics: see Section 1.2 for waveforms

74LVQ 54LvVQ 74LVQ
' Ta= —55C | Tp= —d0°C
* =
Symbol | . Parameter V((\;,(; 2‘ _ ;: 5:: to +125°C . to +85°C _Units '::g
’ ¥ L=s0pF CL = 50 pF CL = 50 pF -
Min Typ ~ Max Min Max Min Max
tPLH Propagation Delay 3.3 1.5 7.0 90 1.0 120 1.5 - 100 ns {|1.2-3,4
tPHL 'Propagation Delay. . 3.3 1.5 7.0 . 8.5 1.0 11.5 1.0 9.0 ns 1.2-3,4
. % ' PR
fostL, | Outputto Output Skew** | 4 4 10 15 15 | ns | 1.219
tosLH Data to Output L P T

*Voltage Rangs is 3.3V io 3V .

**Skew is defined as the absoluts value of the dlfference between the actual propaganon delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, either HIGH to LOW (togHU) or LOW to HIGH (tosLH). Parameter guaranteed by design.

Capacltance , o )
Symbol Parameter Typ Units Conditions
Cin Input Capacitance - 4.5 pF . Voo = 3.3V
Cpp F‘ower.Dissipation 17 va‘ ' Veg = 3.3V
(Note 1) Capacitance

Note 1: Cpp is measured at 10 MHz.
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54LVQ/74LVQ74

Low Voltage Dual D-Type Positive

Edge-Triggered Flip-Flop

General Description

The 'LVQ74 is a dual D-type flip-flop with Asynchronous
Clear and Set inputs and complementary (Q, Q) outputs.
Information at the input is transferred to the outputs on the
positive edge of the clock pulse. Clock triggering occurs at a
voltage level of the clock pulse and is not directly related to
the transition time of the positive-going pulse. After the
Clock Pulse input threshold voltage has been passed, the
Data input is locked out and information present will not be
transferred to the outputs until the next rising edge of the
Clock Pulse input.

Asynchronous Inputs:
LOW input to Sp (Set) sets Q to HIGH level
LOW input to Cp (Clear) sets Q to LOW level '
Clear and Set are independent of clock .
Simultaneous LOW on Cp and Sp makes both Q and Q
HIGH

Features

" m Ideal for low power/low noise 3.3V applications

m Guaranteed simultaneous switching noise level and dy-
_namic threshold performance
m Guaranteed pin-to-pin skew AC performance

y2OA1

Ordering Code: see Section 8

Logic Symbols
1% o o — " SM‘Jz_
1 CP, ——1CP,
o1 “°- Co2 P

? ? TL/F/11347-2

TL/F/11347-1

IEEE/IEC
Sp=Bs
_Q1
ch—pG
e S 3,
G ‘_h R
Sp2 = o
2
CPy—
Dy _
.
e *
TL/F/11347-3
Pin Names Description
D4, Do Data Inputs
CP¢,CP3 Clock Pulse Inputs
Cpb1, Cpz Direct Clear Inputs
Sp1, Sp2 Direct Set Inputs
Qq,Q4,Q,, Q2 Outputs

m Guaranteed incident wave switching into 750

Connection Diagrams

Pin Assignment
for DIP, Flatpak and SOIC

TL/F/11347-4

Pin Assignment for LCC
Q NC Sy, NC CPy
EBEME

[

(4 [ [i8] (i7] &
$2 NC CP, NC D,

TL/F/11347-5
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Truth Table Each Haln

Inputs Outputs
Sp Cp CP D Q
L H X X H L
H L X X L H
L L X X H H
H H e H H L
H H e L L H
H H L X Qo To

H = HIGH Voltage Level

L = LOW Voltage Level '

X = Immateriat

-/~ = LOW-to-HIGH Clock Transition

Qo(@p) = Previous Q(Q) before LOW-to-HIGH Transition of Clock

Logic Diagram

Sp

D

cp

TL/F/11347-6
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

1-64




-
- . . <
Absolute Maximum Ratings (ote 1) Recommended Operating Q
If Military/Aerospace specified devices are required, Conditions -~
please contact the National Semiconductor Sales s
. . upply Voltage (Vce)
Office/Distributors for availability and specifications. va 3.0V t0 3.6V-
gzp::ly VtOIIDt'agde (ch) o —0.5Vto +7.0V Input Voltage (V;) OV toVge
nput Diode Current (lik .
SV = —05V —20mA Output»Voltage (Vo) OVto Vo
Vi = Vgg + 0.5V +20mA Operating Temperature (T) c o
L _ 74LVQ —40°Cto +85°
‘DC Input Volt.age V) 0.5V to Vgg + 0.5V . 54LVQ —55°Cto +125°C
DC Otﬁput Diode Current (lok) Minimum Input Edge Rate (AV/At)
Vo = —0.5V —20 mA Ving 0.8V to 2.0V
Vo = Vg + 0.5V +20 mA I from DSV 10 & :
0= Ycc T b VG @ 3.0V 125 mV/hs
DC Output Voltage (Vo) —0.5Vtoto Vg + 0.5V
DC Output Source .
or Sink Current (lo) +50 mA
DC V¢ or Ground Current
per Output Pin (Icg or IgnD) +50 mA
Storage Temperature (TsTg) —65°Cto +150°C
DC Latch-Up Source or
Sink Current . +100 mA
Junction Temperature (T,)
CDIP 175°C
PDIP . 140°C
Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom-
mend operation of 'LVQ circuits outside databook specifications.
DC Characteristics
74LvQ 54LvQ 74LVQ
Symbol Parameter Vee | 1, = +25c Ta= Ta = Units |  Conditions
w |- ~55°Cto +125°C | —40°C to +85°C
Typ Guaranteed Limits
ViH Minimum High Level 3.0 15 20 20 20 v Vourt = 0.1V
orVge — 0.1V
ViL .| Maximum Low Level - | Vout = 0.1V
Input Voltage 30 15 0.8 08 08 v orVgg — 0.1V
Vo . Minimum High Level [ 3.0 | 2.99 2.9 2.9 29 V| lout = —50 pA
Output Voltage ) * =
3.0 256 24 2.46 v | VIN=ViorVig
loH= —12mA
VoL Maximum Low Level | 3.0 | 0.002 0.1 0.1 0.1 v lout = 50 pA
Output Voltage ' * =
' 3.0 0.36 05 0.44 ViN = ViL or Vi
loL = 12mA
N Maximum Input 36 +0.1 1.0 £1.0 pA V| = Vcc, GND
Leakage Current
*All outputs loaded; thresholds on input associated with output under test.
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DC Characteristics (continued)

74LvQ 54LVQ 74LVQ
Symbol Parameter Vee 'T = +25°C Ta= Ta = Unlis Conditions
v | A ~55°C to +125°C | ~40°C to +85°C
Typ Guaranteed Limits

loLp FTMinimum Dynamic 36 36 mA | VoLp = 0.8V Max (Note 1)
lgup | Ovteut Current 36 —25 mA | Vomp = 2.0V Min(Note 1)
lcc Maximum Quiescent ViNn = Vee

Supply Current 36 25, 50 25 rA or GND
VoLp | Quiet Output 33| o2 | os , y |(Notes2and3)

Maximum Dynamic VoL | ’ ’
VoLv | Quiet Output 33| ~02| 08 v (Notes 2 and 3)

Minimum Dynamic VoL | = i ’
ViHD Maximum High Level az| 1.7 20 v (Notes 2 and 4)

Dynamic Input Voltage | ' ’
Vo |Maximumlowlevel | 54| 4q | gg ' V| (Notes 2 and 4)

Dynamic Input Voltage :

‘FMaximum test duration 2.0 ms, one output loaded at a time.

Note 1: Incident wave switching on transmission lines with impedances as low as 750 for commercial temperature range is guaranteed for 74LVQ.
Note 2: Worst case package. :

Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND.

Note 4: Max number of Data Inputs (n) switching. (n — 1) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (Vi.p, OV to threshold
(Vivp, f = 1 MHz.

AC Electrical Characteristics: see Section 1.2 for Waveforms

74LvQ 54LVQ 74LVQ
. Ta = —55°C Ta = —40°C e -
* = 0
Symbol Parameter V((\:/(; 1;? _ ;: 5: to +125°C to +85°C Units' ';'g
L=50p CL = 50 pF CL = 50 pF .
Min Typ  Max Min Max Min Max
fmax ';";’:L'::::yc'“k 33 | 100 125 ‘ 70 95 MHz
tPLH g’;":?%?"tfga’;ra 33 | 35 80 120 | 10 130 | 25 130 | ns |1.234
n n n n . .
tPHL g:p:fg?"tfga‘gra 33 | 40 105 120 | 10 140 | 85 135 | ns |[1.23,4
n n n n
teLH Zg’pffg”gr%e'ay 33 | 45 80 135 | 10 175 | 40 160 | ns |1.23,4
n n n
tPHL z:;’pffgm:r%e'ay 33 | 35 80 140 | 10 135 | 35 145 | ns [123,4
n n n
tosHL, ‘Output to Output Skew**
oo | Data to Output 33 1.0 15 15 | ns | 1219

*Voltage range is 3.3V +0.3V

**Skew is defined as the absolute value of the difference b 1 the actual prc ion delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, either HIGH to LOW (toshHL) or LOW to HIGH (tosLH). Parameter guaranteed by design.
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AC Operating Requirements: ses Section 1.2 for Waveforms

74LVQ

74LVQ 54LvQ
Ta= —55C | Ta= —40°C
» = o,
Symbol Parameter V(“‘I‘; 1;;‘ _ ‘;:5: to +125°C to +85°C | Units ':g'
L=30p CL=50pF | C_=50pF -
Typ ' Guaranteed Minimum
ts Set-up Time, HIGH or LOW
Dnto CPy, 3.3 15 . 4.0 5.0 4.5 ns 1.2-7
ty Hold Time, HIGH or LOW _
Dy to CPy 3.3 2.0 0.5 0.5 0.5 ns 1.2-7
tw CP or Cpp or Sppy
Pulse Width 3.3 3.0 5.5 8.0 7.0 ns 1.2.3
trec Recovery Time _ ’
Con Of Spn to CP 3.3 25 0 0.5 0 ns 1.2:3,7
*Voltage Range is 3.3V £0.3V
Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Capacitance 45 | pF Vce = 3.3V
Cpp Power Dissipation 25 F ’ Vce = 3.3V
(Note 1) Capacitance P

Note 1: Cpp is measured at 10 MHz.
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54LVQ/74LVQ86
Low Voltage Quad 2-Input Excluswe-OR Gate

General Description ~
The "LVQ86 contains four, 2-input exclusive-OR gates. W ldeal for low power/low noise 3.3V. applications .

Features

m Guaranteed simultaneous switching noise level and
dynamic threshold performance
® Guaranteed pin-to-pin skew AC performance
..M Guaranteed incident wave switching into 750

Ordering Code: sece Section 8

Logic Symbol Connection Diagrams
Pin Assignment Pin Assignment
IEEE/IEC ~ for DIP, Flatpak and SOIC : forLCC
— =1 Y : B NC A NC 0
% Lo ro—1 v EDEEE
B0 Bo_z_!_‘ﬂ L
Ay — . . Y =T [P
B — ! A:’ 4 v 11 02
Ay = o, 8 5 JJ 10 Ai
By — 6 J_r‘| 9
o =] —B;
3 D)
TL/F/11348-1 TL/F/11348-2 AS NC 02 NC 82
TL/F/11348-3
Pin Names Description
Ao-As Inputs
Bo-B3 Inputs
0p-03 Outputs
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Absolute Maximum Ratings (Note 1) Recommended Operating 2
If Military/Aerospace specified devices are required, Conditions o
please contact the National Semiconductor Sales s
. upply Voltage (Vce)
Office/Distributors for availability and specifications. wa . 3.0Vto3.6V
i?f’.ply ‘i°l'3‘f'"%e (XCC) - —0.5Vio +7.0V Input Voltage (Vi) OV'to Voo
nput Diode Current (Iik
Vi = —0.5V —20mA Output.VoItage (Vo) oVtoVee
V| = Vgg + 0.5V +20mA Operating Temperature (Ta) c o
74LVQ —40°Cto +85°
Dg I(r)\put Volt‘age ) —0.5VtoVgg + 0.5V 54LVQ —55°C o +125°C
DC Output Diode Current (iok) Minimum Input Edge Rate (AV/At)
Vo = —0.5V —20 mA
Ve = Vee + 0.5V +20mA VN from 0.8V to 2.0V
0= Yec ™+ B Vee @ 3.0V 125 mV/ns
DC Output Voltage (Vo) —0.5Vto Voo + 0.5V
DC Output Source
or Sink Current (o) +50 mA
DG Vg or Ground Current
per Output Pin (Icc or IgnD) +50 mA
Storage Temperature (TsTg) —65°Cto +150°C
DC Latch-Up Source or
Sink Current +100 mA
Junction Temperature (T )
CDIP 175°C
PDIP . . 140°C
Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom-
mend operation of 'LVQ circuits outside databook specifications.
DC Characteristics
74LVQ 54LVQ 74LvQ
Symbol Parameter Vee | Ta = 25°C Ta= Ta= Units Conditions
V) —55°Cto +125°C | —40°Cto +85°C
Typ Guaranteed Limits
ViH Minimum High Level ' Vout = 0.1V
Input Voitage 80 15 20 20 20 v orVgg — 0.1V
Vi Maximum Low Level Vout = 0.1V
Input Voltage 30 18 08 08 08 v orVgg — 0.1V
VoH Minimum High Level | 3.0 | 299 | 29 2.9 ' 2.9 V | lour'= —50 pA
Output Voltage ’ » =
3.0 256 2.4 2.46 v | VIN=ViLorVig
loH = —12mA
VoL Maximum Low Level | 3.0 | 0.002 | 0.1 0.1 0.1 V| loyr = 50 pA
Output Voltage . W =
3.0 0.36 0.50 0.44 Vin = ViL or Vi
loL=12mA
N Maximum Input 3.6 +01 £1.0 +£1.0 A V| = Vgc, GND
Leakage Current
*All outputs loaded; thresholds on input associated with output under test.
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DC Characteristics (continued):

74LVQ 54LVQ " 74LVQ
Symbol Parameter Vee| 1, - +25°C Ta= . Ta= Units Conditions
o V) —55°C to +125°C| —40°C to +85°C T A
) Typ Guaranteed Limits

lo,o | tMinimum Dynamic 36 , _ 36 mA | VoLp = 0.8V Max (Note 1)
loup | OUtPut Current 3.6 —25 mA | Vorp = 2.0V Min (Note 1)
lec Maximum Quiescent 36 25 50 . 25 4A VIN = Vcc or GND v

Supply Current :
Vorp Qule't Output ) 33| os 0.8 . o v (Notes 2,3) .

Maximum Dynamic Vo
VoLv qu.et Output . 33| -05! —o0s8 v (thes 2,3)

Minimum Dynamic Vo :
ViHp MaX|QO High Level a3l 18 20 } v (Notgs 2,4) .

Dynamic Input Voltage B

1 ViLo MaXIml.Jm Low Level aal| 18 08 o v (Notes 2, 4)
Dynamic Input Voltage

TMaximum test duration 20 ms, one output loaded at a time.

Note 1: Incident wave switching on transmission lines with impedances as low as 750 for commercial temperature range is guarameed for 74LVQ '
Note 2: Worst case package. '

Note 3: Max number of outputs defined as (n). Data inputs are driven 0V to 3.3V; one output at GND.

Note 4: Max number of Data Inputs (n) switching. (n — 1) inputs switching OV to 3.3V. Input-under-test swnchlng 33V to threshold (Vn.D), 0V to threshold
(Vip), f = 1 MHz.

AC Electrical Characterlstlcs. See Section 1.2 for Waveforms

74Lva 54LVQ 74LVQ
' ' ¥ = +25° Ta= —55°C Ta=—40C '
Symbol Parameter V(f‘ilt)? N 1;;\ ="5':5: o 12w |t +esc Uit ';'g
et P CL = 50 pF CL = 50 pF .
Min Typ Max | Min Max | Min . Max,
tPHL m&giﬁooztgjt':y 33 | 20 60 115| 10 . 140 15 125 | ns | 1.23,4
tosHL, .| Output to Output Skew** S ‘ ,
tosm Data to Output 3.3 1.0 15 _ 1.5 ns 1.2-19

*Voltage Range is 3.3V £0.3V
**Skews defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, either HIGH to LOW (togyy) or LOW to HIGH (togLp). Parameter guaranteed by design. -

-Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Capacitance 4.5 pF Vee = 3.3V
Crp Power Dissipation Capacitance Voo = 3.3V
23 pF
(Note 1)

Note 1: Cpp is measured at 10 MHz.
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54LVQ/74LVQ138

Low Voltage 1-of-8 Decoder/Demultiplexer

General Description

The 'LVQ138 is a high-speed 1-of-8 decoder/demultiplexer.
This device is ideally suited for high-speed bipolar memory
chip select address decoding. The multiple input enables
allow parallel expansion to a 1-of-24 decoder using just
three 'LVQ138 devices or a.1-0f-32 decoder using four
'LVQ138 devices and one inverter.

Features

m |deal for low power/low noise 3.3V applications
m Implements patented Quist Series EMI reduction

circuitry

m Guaranteed simultaneous switching noise level and
dynamic threshold performance

® Improved latch-up immunity

M Guaranteed incident wave switching into 750

W 4 kV minimum ESD immunity
m Demultiplexing capability

| Multiple input enable for each expansion
W Active LOW mutually exclusive outputs

Ordering Code: see Section 8

‘Connection Diagrams

Logic Symbol
Pin Assignment Pin Assignment for LCC
for DIP, Flatpak and SOIC B E N E A
| | \—y EEE
—Olg, % 4 R e 16— Ve ] ]
A—]2 15}~0,
- I E 14}-0,
15 0 0 0050, 05 60 EE':; :z:?
?PP799°9°7 fs o,
TL/F/11350~1 &7 10}-5;
GND—1 8 9f—0;
IEEE/IEC ' TUF13s0-2 TUF/1350-3
BIN/OCT _
/ o~ 0,
Ap—1! 1p— 3‘
A =2 2 P 62
A sp— 75
& . ap— 0,
Es— ‘ s5pP— 65
g i EN -
- s~ 0
E, — -
0
© TL/F/11350-4
Pin Names Description
Ag-Az Address [nputs
E-E2 Enable Inputs
Ej Enable Input
0p-07 Outputs
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Functional Description

The 'LVQ138 high-speed 1-of-8 decoder/demultiplexer ac-
cepts three binary weighted inputs (Ag, A1, Ag) and, when
enabled, provides eight mutually exclusive active-LOW out-
puts (Op-07). The 'LVQ138 features three Enable inputs,
two active-LOW (E4, E) and one active-HIGH (Eg). Al out-
puts will be HIGH unless E4 and E, are LOW and Ej is
HIGH. This multiple enable function allows easy parallel ex-

pansion of the device to a 1-0f-32 (5 lines to 32 lines) de-
coder with just four 'LVQ138 devices and one inverter (see
Figure 1). The 'LVQ138 can be used as an 8-output demulti-
plexer by using one of the active LOW Enable inputs as the
data input and the other Enable inputs as strobes. The En-
able inputs which are not used must be permanently tied to

' their appropriate active-HIGH or active-LOW state.

Truth Table
Inputs Outputs

Ey | E2 | E3 | Ag | Ay Ay | Og | O4 | O | O3 | O4 | Os | Og | O7
H X X X X X H H H H H |'H H H
X H X X X X H H H H H H H H
X X L X Xt X H H H H H H H H
L L H L L L L H H H H H H H
L L H H L L “H L H H H H H H
L L H L H L H H L H H H H H
L L H'| H H L H H | H L H H H H
L L H L L H H H H H L H H H
L L H H L H H H H H H L H H
L L H L H H H H H H H H L H
L L H H H H H H H H H H H L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Logic Diagram

Ay 4 A §EE g
il | il
Z 0 0 (A 0 0, Y 0

TL/F/11350-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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LVQ138

Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vcc) —-0.5Vto +7.0V
DC Input Diode Current (Ix)
V)= —0.5V —20 mA
V)= Vg + 0.5V +20 mA

DC Input Voltage (V))
DC Output Diode Current (lok)

—0.5Vto Vg + 0.5V

Vo = —0.5V ~20mA

Vo = Vgc + 0.5V +20 mA
DC Output Voltage (Vo) —0.5VtoVgg + 0.5V
DC Output Source

or Sink Current (lo) +50 mA
DC Vg or Ground Current )

per Output Pin (Icc or Ignp) " +£50mA

Storage Temperature (TsTg)

—65°Cto +150°C
DC Latch-Up Source or ‘

Sink Current

Junction Temperature (T)
CDIP 175°C
PDIP 140°C

+300mA

Note 1: Absolute maximum ratings are those values beyond which damage -

to the device may occur. The databook specifications should be met, without

exception, to ensure that the system design is reliable over its power supply, -

temperature, and output/input loading variables. National does not recom-
mend operation of 'LVQ circuits outside databook specifications.

DC Characteristics

Recommended Operating

Conditions
Supply Voltage (Vo)

'LvQ 3.0Vto 3.6V
Input Voltage (V) 0V toVce
Output Voltage (Vo) OVto Vee
Operating Temperature (Ta)

_74LvQ —40°Gto +85°C
54LVQ —55°Cto +125°C

Minimum Input Edge Rate (AV/At)
Vin from 0.8V to 2.0V
" Vgc @3.0V 125mV/ns

Note: Plastic DIP packaging is not recommended for applications requiring
greater than 2000 temperature cycles from —40°C to +125°C.

74LVQ 54LVQ 74LVQ
Symbol Parameter Vee T = +25°C Ta= . Ta = Units Conditions
v | A —55°C to +125°C | ~40°C to +85°C
Typ Guaranteed Limits
ViH Minimum High Level : ) Vout = 0.1V
Input Voltage 30 1'5, 20 20 20 v orVgg — 0.1V
ViL Maximum Low Level Vour = 0.1V
Input Voltage 80|15 08 08 08 v orVeg — 0.1V
VoH | Minimum High Level | 30 | 299 | 29 2.9 29 V | loyr = —50 pA
Output Voltage * -
3.0 256 2.4 2.46 v | VN=ViorVig
lon = —12mA
VoL Maximum Low Level | 3.0 | 0.002| 0.1 0.1 0.1 V | lout = 50 pA
Outut Voltage * =
3.0 0.36 0.50 0.44. v | ViN=VicorVin
loL = 12mA
lin Maximurm Input 36 £0.1 £1.0 £1.0 pa | V1= Voo, GND
Leakage Current
loLp FMinimum Dynamic | 3.6 36 mA | Vorp = 0.8V Max (Note 1)
lowp | QutPut Current 36 -25 mA | Voup = 2.0V Min (Note 1)

*All outputs loaded; thresholds on input associated with output under test.
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DC Characteristics (continued)

74LvVQ 54LvVQ 74LVQ
Vce - ; Ta= Ta= " ;
Symbol Parameter s Ta = +25°C _55°Cto +125°C | —40°C to +85°C Umts. Conditions
Typ Guaranteed Limits
lcc Maximum Quiescent ViN = Vco
Supply Current 36 50 100 50 KA or GND
Vorp Quiet Output a3 08 v (Notes 2 & 3)
Maximum Dynamic Vor ’ ’ .
Vorv Quiet Output a3 —08 v (Notes 2 & 3)
Minimum Dynamic VoL |- ™ ’
ViHD Maximum High Level 33 17 20 v (Notes 2 & 4)
Dynamic Input Voltage ’ ’ "
ViLo Maximum Low Level (Notes 2 & 4)
Dynamic Input Voltage 33 17 08 v

‘tMaximum test duration 2.0 ms, one output loaded at a time.
Note 1: Incident wave switching on transmission lines with impedances as low as 75Q for commercial temperature range is guaranteed for 74LVQ.
Note 2: Worst case package. ' '
Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND.

Note 4: Max number of Data Inputs (n) switching. {n — 1) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (Vi p), OV to threshold
(ViHp) f = 1 MHz, )

AC Electrical Characteristics: see Section 1.2 for Waveforms

74LVQ 54LVQ 74LVQ
. ; Ta = —55°C Ta = —40°C
» = o
Symbol Parameter v(“:,‘; Té‘ _ -‘5-02 slf to +125°C to +85°C Units l;ig
L=30p CL = 50 pF CL = 50 pF -
Min Typ Max Min Max | Min Max
tpLH imt';agam" Delay 33 | 15 85 130 | 10 160 | 15 150 | ns |1.2-3,4
n n .
tPHL /':“’t';a%am" Delay 33 | 15 80 125 | 10 150 | 15 140 | ns |1.2:3,4
n n
teLH _g_:ogfg:t:g%mlay 33 | 15 110 150 | 10 165 | 15 160 | .ns |1.23,4
n
tPHL g"gfé:?g%oelay 33 | 15 95 135 | 10 155 | 15 150 | ns | 1.2-3,4
n
tPLH E;°t';a§a"°" Delay 33 | 15 110 155 | 10 170 | 15 165 | ns |1.23.4
n
tPHL | Propagation Delay 33 | 15 85 130 | 10 150 | 15 140 | ns |1.23,4
EztoOp :
tosHL, | Outputto Output Skew™* . !
oo | Dath to Outpor 3.3 1.0 15 15 | ns | 1.2-19

*Voltage range is 3.3V +0.3V.

**Skew is defined as the absolute value of the ditference between the actual propagation delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, either HIGH to LOW (tosHL) or LOW to HIGH (tos ). Parameter guaranteed by design.

Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Capacitance 4.5 pF Vee = 3.3V
Cep Power.Dissipation 45 oF Vee = Q.SV
(Note 1) Capacitance

Note 1: Cpp is measured at 10 MHz.
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54LVQ/74LVQ151

Low Voltage 8- Input MUItupIexer

General Descrlptlon

The 'LVQ151 is a high-speed 8-input digital multiplexer. It .

provides, in ‘one package, the ability to select one line of
data from up to eight sources. The 'LVQ151 can be used as
a universal function generator to generate any logic function
of four variables. Both true and complementary outputs are
provided. .

Features

® |deal for low power/low noise 3. 3V appllcatlons ’

® Guaranteed simultaneous switching noise level and
dynamic threshold performance ;

B Guaranteed pin-to-pin skew AC performance

m Guaranteed incident wave switching into 750

Ordering Code: sce Section s

Logic Symbol Connection Diagrams
Pin Assignment Pin Assignment
for DIP, Flatpak and SOIC for LCC )
L1t i1id N 7MY |
3 b b hls b5 g b B b 161=Vee BOEEE. -
S =12 15=1, []
5 el 14]=I5
s, 7 z S |0— 4 1315
| -5 12=1,
TL/F/11351-1 L S
i E—7 10}=s,
. GND—{ 8 9f=s,
IEEE/IEC , B ‘ o
MUX TLF1951-2 TL/F/11351-3
Ed EN ' { .
50_“ 0
s— tod
L §
ly=—i 0
—1 7 .
— 2 7 Truth Table =
—s
:’ Y Inputs Outputs
41 — N =
lg=—] 5 E S2 Sy So 4 z
o H X X X !-l L
,—7 L L L L Io lo
TL/F/11351-4 L L L H Iy Iy
L L H L I Ip
L L. H H . I3 3
L H L L Ty g
: L H L H Ts Is
Pin Names Description L H H L e e
lo-l7 Data Inputs L H H H 7 I7
§°—SZ Select Inputs H= HIGH‘Voltage Level - :
E Enable Input L'= LOW Voltage Level
zZ Data Output X = Immaterial :
z Inverted Data Output ¢
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Functional Description

ISLOAT

The 'LVQ151 is a logic implementation of a single pole, 8- The 'LVQ151 provides the ability, in one package to select
position switch with the switch position controlled by the from eight sources of data or control information. By proper
state of three Select inputs, Sg, S4, S2. Both true and com- manipulation of the inputs, the 'LVQ151 can provide any
plementary outputs are provided. The Enable input (E) is logic function of four variables and its complement.

active LOW. When it is not activated, the complementary
output is HIGH and the true output is LOW regardless of all
other inputs. The logic function provided at the output is:
Z=Ee(lp*5peS S, + 11955053, +
l20SpeS1 eS8, + 13057085, +
149555198y +I5eSpeSe5, +
ls#Sp®S19Sy + I78Sg0S;5y)

Logic Diagram

lo Iy I I3 I Is Is Iy
Db
E-(&
J O\ v, y, J J

2
) ; _ TL/F/11351-5
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings ote 1)

Recommended Operatlng

If Military/Aerospace specified devices are required, Conditions
please contact the National Semiconductor Sales s
; upply Voltage (Vcc) .
Oftice/Distributors for availablility and specifications. Va 3.0V 10 3.6V
z‘g’:"y Vt°[':?‘~:i° (‘éCC) (i —0.5Vio +7.0V Input Voltage (V)) OVto Ve
nput Diode Current (I, . y .
V)= —0.5V —20mA 0utput.Voltage Vo). oVto ch
V) = Vg + 0.5V +20 mA Operf\t;rég Temperature (Tp) o o
74 . —40°C to +85°
DC Input Volt.age Vp) —0.5Vto Vg + 0.5V 54LVQ —55°Cto +125°C
DC OLﬁput Diode Current (lok) Minimum Input Edge Rate (AV/At) :
Vo = 0.5V —20mA Vi from 0.8V to 2.0V
Vo = Vcg + 0.5V +20 mA IN from 0
o™= Yoo Ve @ 3.0V 125 mV/ns
DC Output Voltage (Vo) -0.5VtoVge + 0.5V i
DC Output Source
or Sink Current (Ig) +50 mA
DC V¢ or Ground Current
per Output Pin (Icc or IgnD) +£50 mA
Storage Temperature (TsTg) ~65°Cto +150°C
DC Latch-Up Source or ‘ .
Sink Current +100 mA
Junction Temperature T i
CDIP 175°C
PDIP . 140°C
Note 1: Absolute maximum ratings are lhose values beyond which damage
to the device may occur. The databook specifications should be met, without
exceptioh; to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom-
mend operation o( *LVQ circuits outside databook speciﬁcgtiops. '
DC Characteristics - ‘ '
74LVQ 54LVQ 74LVQ
Symbol Parameter Vee Ta = +25°C Ta= Ta = Units Conditions
. V) g —55°Cto +125°C | —40°Cto +85°C
Typ- Guaranteed Limits
ViH Minimum High Level ' ‘ Vour = 0.1V
Input Voltage 3.0 15 20 20 20 v orVec — 0.1V
ViL Maximum Low Level Vour = 0.1V
Input Voltage 80 15 08 08 08 v orVgg — 0.1V
VoH Minimum High Level | 3.0 | 2989 | 2.9 2.9 2.9 \% louT = —50 pA
Output Voltage - . =
3.0 256 24 2.46 v | VIN=ViorViy
loH = —12mA
VoL Maximum Low Level | 3.0 | 0.002 041 0.1 0.1 \' lout = 50 pA
Output Voltage o =
3.0 0.36 0.50 0.44 v | Vin=ViorVi
loL = 12mA
N Maximum Input 36 +0.1 1.0 £1.0 ua | V1= Veo, GND
Leakage Current

*All outputs loaded; thresholds on input associated with output under test.
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DC Characteristics (continued)

74LvVQ 54LVQ 74LVQ
Symbol Parameter Vee Ta = +25°C Ta= Ta= . Units Conditions
V) —55°C to +125°C | —40°C to +85°C :
Typ Guaranteed Limits

loLp ‘tMinimum Dynamic 3.6 36 mA | VoLp = 0.8V Max
Output Current (Note 1)

loHD 3.6 —-25 mA | Voup = 2.0V (Note 1)

Icc Maximum Quiescent ViN = Ve
Supply Current 3.6 5.0 100 50 KA or GND

VoLp Qu:e‘t Output . 33 08 v (Notes 2 & 3)
Maximum Dynamic Vo

VoLv legt Output . 3.3 —08 v (Notes 2 & 3)
Minimum Dynamic VoL,

ViHD MaX|mL.|m High Level 3.3 1.7 20 v (Notes 2 & 4)
Dynamic Input Voltage

ViLp Maxlml.lm Low Level a3 17 08 v (Notes 2 & 4)
Dynamic Input Voltage

tMaximum test duration 2.0 ms, one output loaded at a time.
Note 1: Incident wave switching on transmission lines with impedances as low as 75(1 for commercial temperature range is guaranteed for 74LVQ.
Note 2: Worst case package.
Note 3: Max number of outputs defined as (n). Data inputs are driven 0V to 3.3V; one output at GND.

Note 4: Max number of Data Inputs (n) switching. (n — 1) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (V_p), OV to threshold
(Vibp), f = 1 MHz.

AC Electrical Characteristics: see section 1.2 for Waveforms

74LvQ 54LVQ 74LVQ
Ta= —55C | Tp= —40°C
» = o
Symbol Parameter Yoo AT e to +125°C to+85C_ | units| 1
L=30p CL = 50 pF CL = 50 pF .
Min Typ Max Min Max Min Max
tpLH 2’ "t’;agfflz" Delay 33| 30 115 180 | 10 220 | 30 200 | ns | 1234
n
tPHL Propagation Delay 20 20.0
S g0z 33 | 25 120 180 | 10 22 25 . ns | 1.234
tPLH g’:)p;%‘t‘%’" Delay 33 | 25 80 130 | 1.0 155 | 20 140 | ns |1.234
tPHL ;’&p;%ar‘;" Delay 33 | 15 85 130 ] " 155 | 15 140 | ns |1.234
tPLH r’:’;’;g::‘g" Delay 33 | 25 95 140 | 10 160 | 20 155 | ns |1.234
n
tPHL :";’;’;9::';" Delay 33 | 25 95 150 | 10 180 | 20 160 | ns |1.234
n
tosHL, | Outputto Output Skew** 33 10 15 15 ns 1.2-19
tosLH Data to Output ' ' ’ ' '

*Voltage range is 3.3V +0.3V

**Skew is defined as the absolute value of the differance between the actual propagation delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, either HIGH to LOW {tospL) or LOW to HIGH (tos H). Parameter guaranteed by design.
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Note 1: Cpp is measured at 10 MHz.

Capacitance
' Symbol Parameter Typ Units Conditions
CiNn Input Capacitance 4.5 PF Veg = 3.3V
Cep Power Dissipation 45 pF Vee = 3.3V
(Note 1) Capacitance
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54LVQ/74LVQ157

Low Voltage Quad 2-Input Multiplexer

General Descriptioh

The 'LVQ157 is a high-speed quad 2-input multiplexer. Four
bits of data from two sources can be selected using the
common Select and Enable inputs. The four outputs present
the selected data in the true (noninverted) form. The
'LVQ157 can also be used as a function generator.

Features

m ldeal for low power/low noise 3.3V applications

m Guaranteed simultaneous switching noise level and
dynamic threshold performance

m Guaranteed pin-to-pin skew AC performance

® Guaranteed incident wave switching into 75Q.

Ordering Code: see Sections

Logic Symbols

loa ha ob b loc e lod hd

TL/F/11352-1

IEEE/IEC
E —— EN
S et G 1
| L i

lgg ==t T MUX .

0a 1 7

lyg — 1

lop =1

lyp =1 %

log =

—Zd

ha —

loe =1 Z,

lyg =

TL/F/11352-3

Pin Names Description
loa=lod Source 0 Data Inputs
l4a=l14d Source 1 Data Inputs
E Enable Input
S Select Input
Za—-Z4 Outputs

Connection Diagrams

Pin Assignment
for DIP, Flatpak and SOIC

\/

s—{1 16f=VYee:
loa =12 15p=E
ha—3 4=l
z,—4 13f=1,,
lob=15 12f~z,
=16 t=log
=47 1014

GND—} 8 9=z,
- TL/F/11352-2

Pin Assignment for LCC

hb lob NC Z by
E@DEEE
[ ]

L/
04 [i8) (] (7 [
g % NC b oo

TL/F/11352-4
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LvQ157

Functional Description

The 'LVQ157 is a quad 2-input multiplexer. It selects four
bits of data from two sources under the control of a com-
mon Select input (S). The Enable input (E) is active-LOW.
When E is HIGH, all of the outputs (Z) are forced LOW
regardless of all other inputs. The 'LVQ157 is the logic im-
plementation of a 4-pole, 2-position switch where the posi-

tion of the switch is determined by the logic levels supplied -

to the Select input. The logic equations for the outputs are
shown below:

Za:E'(|1a.S+IOa°§)

Zy=Ee(lipb®eS + lgp*S) -
Ze=Ee*(ic*S+lgc*S)
Zg=Ee®(l4geS + lpg*S)

A common use of the 'LVQ157 is the moving of data from
two groups of registers to four common output busses. The
particular register from which the data comes is determined
by the state of the Select input. A less obvious use is

Logic Diagram

loa ha lon hb loc he

as a function generator. The 'LVQ157 can generate any four
of the sixteen different functions of two variables- with one
variable common. This is useful for implementing gating
functions.

Truth Table ‘
Inputs Outputs

E S lo 14 4
H X X X
L . H X L L
L "H X H H
L L L ) X L
L L H X H

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial '

lod lyg E s

z L, %

2]
TL/F/11352-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vcc) —0.5Vto +7.0V
DC Input Diode Current (k)
V| = —0.5V —20mA
V| = Vg + 0.5V +20mA

DC Input Voltage (V) —-0.5Vto Vge + 0.5V

DC Output Diode Current (Iok)

Recommended Operating

Conditions
Supply Voltage (Vce)

'vQ 3.0Vto 3.6V
Input Voltage (V) O0VtoVce
Output Voltage (Vo) 0V to Ve
Operating Temperature (Ta)

74LVQ —40°Cto +85°C

54LvQ —55°C to +125°C

Minimum Input Edge Rate (AV/At)

Vo = —0.5V —20 mA
- : Vin from 0.8V to 2.0V . :
Vo = Vec + 0.5V +20 mA Voe @ 3.0V 125 mV/ns
DC Output Voltage (Vo) —0.5VtoVge + 0.5V .
DC Output Source
or Sink Current (lp) +50 mA
DC V¢c or Ground Current
per Output Pin (Icc or lgnp) +50 mA
Storage Temperature (Tstg) —65°C to +150°C
DC Latch-Up Source or
Sink Current +100 mA
Junction Temperature (T)
CDIP 175°C
PDIP 140°C
Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom-
mend operation of 'LVQ circuits outside databook specifications., )
DC Characteristics
) 74LVQ 54LvVQ 74LVQ
Symbol Parameter Vee Ta = +25°C Ta= Ta = Units Conditions
(\)] —55°Cto +125°C | —40°Cto +85°C
" Typ Guaranteed Limits
VIH Minimum High Level Vourt = 0.1V
Input Voltage 3.0 15 . 20 20 20 v orVgg — 0.1V
ViL Maximum Low Level : Vourt = 0.1V
. Input Voltage 30 15 08 08 0.8 v orVgg — 0.1V
VoH Minimum High Level | 3.0 | 2.99 [ 2.9 2.9 2.9 V' | lour = —50 pA
Output Voltage : Y-
3.0 256 2.4 2.46 v | VIN=ViorVig
: loH = —12mA
\V/OLA Maximum Low Level | 3.0 | 0.002 0.1 0.1 0.1 \" lout = 50 pA
Output Voltage . * =
3.0 0.36 0.50 0.44 v | VIN=VicorVig
loL = 12mA
N Maximum Input 3.6 £0.1 "£1.0 +1.0 pa | V1= Vec, GND
Leakage Current . .

*All outputs loaded; thresholds on input associated with output under test.
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DC Characteristics (continued)

74LVQ 54LVQ 74LvVQ
Symbol|  Parameter ‘:3')3 Ta=+25C | cTt‘:, i 125 | —a0° (1:-?0=+ agec| Units Conditions
Typ Guaranteed Limits .

loLp ‘FMinimum Dynamic Voup = 0.8V Max
Output Current 36 36 mA (Note 1)

loHD ' 36 -25 mA" { Voup = 2.0V Min (Note 1)

lec Maximum Quiescent : Vin = Vo
Supply Current 38 50 . 100 50 KA or GND

VoLp | Quiet Output as| o7 0.8 v (Notes 2 & 3)
Maximum Dynamic Vo | ’ ) .

VoLv | Quiet Output 33| —04| —o08 y (Notes 2 & 3)
Minimum Dynamic VoL | ’ : C

ViHp | Maximum High Level (Notes 2 & 4)
Dynamic Input Voltage 831 17 20 v ’

ViLo Maximum Low Level 33| 16 0.8 v (Notes 2 & 4)
Dynamic Input Voltage | ’ )

tMaximum test duration 2.0 ms, one output loaded at a time.
Note 1: Incident wave switching on transmission lines with impedances as low as 750 for commercial temperature range is guérénte’éd for 74LVQ.
Note 2: Worst case package. ' )
Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND.

Note 4: Max number of Data Inputs (n) switching. (n — 1) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (V||_D), 0V to threshold
(ViHp), t = 1 MHz.

AC Electrical Characteristics: see section 1.2 for waveforms.

74LvQ 54LVQ 74LVQ
Sl To= —55C | Ta= —40°C
* = 0,
Symbol Parameter Vg;; L Té‘ =.;: 5'? to +125°C to +85°C Units ::3
: SL=s0p CL=50pF | C_=50pF -
Min Typ Max Min Max Min Max
tPLH.. g’t‘;‘.’;ga“" Delay 33 | 15 70 15| 10 160 | 15 130 | ns [ 1234
n
tPHL g't%p;ga-m" Delay 33 | 15 65 110 | 10 140 | 15 . 120 | ns |123,4
) . ;
tPLH E’&";ga“" Delay 33 | 15 70 115 |10 160 | 15 130 | ns |1.28,4
n . -
tPHL g’g’;ga“m Delay 33 | 15 65 110 | 10 140 | 15 120 | ns | 1234
n . >
tPLH r'?:azgam" Delay 33 [ 15 50 85 [ 10 110 | 10 90 | ns |1234
n n
tPHL lp "t’:;ga‘w" Delay 33 | 15 5.0 80 | 10 110 | 10 90 | ns (1284
n n
tosHL, | Output to Output Skew** 33 1.0 15 15 ns 1.2-19
tosLH Data to Output ’ : ’ ’ '

*Voltage range is 3.3V +0.3V

**Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, either HIGH to LOW (tosH1) or LOW to HIGH (tosLH). Parameter guaranteed by design.
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Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Capacitance 4.5 pF Vee = 3.3V
Cpp Power Dissipation 34.0 pF Vec = 3.3V
(Note 1) Capacitance

Note 1: Cpp is measured at 10 MHz.
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LvQ174

M National

Semiconductpr

54LVQ/74LVQ174

Low Voltage Hex D Flip-Flop with Master Reset

General Description

The ’LVQ174 is a high-speed hex D flip-flop. The device is
used primarily as a 6-bit edge-triggered storage register.
The information on the D inputs is transferred to storage
during the LOW-to-HIGH clock transition. The device has a

Master Reset to simultaneously clear al! flip-flops.

Features

| |deal for low power/low noise 3.3V applications

m Guaranteed simultaneous switching noise level and
dynamic threshold performance
m Guaranteed pin-to-pin skew AC performance

m Guaranteed incident wave switching into 750

Ordering Code: see Section 8
Logic Symbols

Do Dy DB Dy Dy D, D
—cr
=0l wr
Q @ & % 0 @ O
TL/F/11353-1
Pin Names Description
Do-Ds Data Inputs
CP Clock Pulse Input
MR Master Reset Input
Qo-Qs Outputs

IEEE/IEC

WR R

cP c1

Dy =——q 1D o Qy
Dy et —
Dy =t —0
Dy = 0
D et e Q
Dy ==t —

TL/F/11353-2

Connection Diagrams

Pin Assignment for DIP,

Flatpak and SOIC

— -/

MR—{1 16f=Vec
o2 151=05
D=3 1405

o—{4 13 L—n‘

o—s 12f—q,
D,—6 11f=D;
Q=7 10]—0;
GND—{ 8 of-cr

TL/F/11353-3

Pin Assignment for LCC

D; O NC D Dy
EDEEE
[ ]

] /
4 8 @ (7 6@
D5 0 NC 0, Dy

TL/F/11353-4
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Functional Description Truth Table
The 'LVQ174 consists of six edge-triggered D flip-flops with " Inputs Output
individual D inputs and Q outputs. The Clock (CP) and Mas- —
ter Reset (MR) are common to all flip-flops. Each D input's . MR CcP D Q
state is transferred to the corresponding flip-flop's output L X X L
following the LOW-to-HIGH Clock (CP) transition. A LOW H e H H
input to the Master Reset (MR) will force all outputs LOW H s L L
independent of Clock or Data inputs. The 'LVQ174 is useful
for applications where the true output only is required and H i L X Q
the Clock and Master Reset are common to all storage ele- H = HIGH Voltage Level
ments. S . = LOW Voltage Level
' X = Immaterial
/" = LOW-to-HIGH Transition
Logic Diagram
Wwoce D5 0, Dy D, 0 .0
l— o ) I— 0 [ l—— ] [} I— o [} I— D Q D Q
ofcP cp cp cP cp cp
CD ) CD CD CcD cD -
e | h | h ] e | |
% o o o g %

TL/F/11353-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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LvVQ174

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National - Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vcc) ~-0.5Vto +7.0V
DC Input Diode Current (l)) .
V= —0.5V —20mA
Vi = Vgg + 0.5V +20mA

DC Input Voltage (V) —0.5VtoVgg + 0.5V

Recommended Operating
‘Conditions ,
Supply Voltage (Veo) .. L
'Lva 3.0Vto 3.6V
Input Voltage (V)) . 0Vto Vce
Output Voltage (Vo) .QVto VCC
Operating Temperature (TA)
74LVQ ‘ —40°C to +as°c

) 54LVQ S —55°Cto +125°C
DC Output Diode Current (Iok) Minimum Input Edge Rate (AV/At)
Vo = —0.5V —20 mA Vi §i 0.8V 10 2.0V
Vo = Vg + 0.5V +20mA IN from 5.0V 10 2.
0™ Yoc Ve @ 3.0V 125 mV/ns
DC Output Voltage (Vo) —0.5Vto Vg + 0.5V
DC Output Source
or Sink Current (Ip) +50mA
DC Vg or Ground Current
per Output Pin (Icc or IgnD) +50 mA
Storage Temperature (TsTg) —65°Cto +150°C
DC Latch-Up Source or '
Sink Current +100 mA_
Junction Temperature (T, J)
CDIP 175°C
PDIP 140°C
Note 1 Absolute maximum ratlngs are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom-
mend operation of 'LVQ circuits outside databook specifications.
DC Characteristics
74LVQ 54LVQ 74LVQ
Symbol Parameter Vee Ta = +25°C Ta= Ta = Units Conditions
(\)] —55°Cto +125°C | —40°C to +85°C
Typ Guaranteed Limits
VIH Minimum High Level Vour = 0.1V
Input Voltage 3.0 1.5 20 2.0 2.0 ' orVee — 0.1V
ViL Maximum Low Level Vour = 0.1V
Input Voltage 30 15 08 08 08 v orVgg — 0.1V
VoH Minimum High Level 3.0 299 29 29 29 v lour = —50 pA
Output Voltage
*ViN =V orViy
3.0 2.56 2.4 246 \ lon = —12mA
VoL Maximum Low Level 30 | 0002 | o1 04 0. v lout = 50 pA
Output Voltage
* =
3.0 0.36 0.50 0.44 v | Vin=ViLorViy
loL = 12mA
N Maximum Input 36 £0.1 £1.0 £1.0 pa | V1= Voo, GND
L.eakage Current

*All outputs loaded; thresholds on input associated with output under test.
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DC Characteristics (continueq)

74LVQ 54LVQ 74LVQ
Vee — . Ta= Ta=
Symbol Parameter s Ta = +25°C —55°C to +125°C | —40°C to +85°C Units Conditions
Typ Guaranteed Limits

lop ‘tMinimum Dynamic VoLp = 0.8V Max
Output Current 36 36 mA (Note 1)

loHp 36 —25 mA :/Noo}-:: 17)- 2.0V Min

Icc Maximum Quiescent ViN = Vce
Supply Current: 36 50 100 50 BA or GND

VoLp Quiet Output (Notes 2, 3)
Maximum Dynamic Vo 33 0.7 08 v

VoLv Quiet Output 33 —06 08 V. (Notes 2, 3)
Minimum Dynamic VoL | © ) )

ViHD Maximum High Level (Notes 2, 4)
Dynamic Input Voltage 33 18 20 v .

ViLo Maximum Low Level (Notes 2, 4)
Dynamic Input Voltage 33 16 0.8 v

TMaximum test duration 2.0 ms, one output loaded at a time.
Note 1: Incident wave switching on transmission lines with impedances as low as 759 for commercial temperature range is guaranteed for 74LVQ.
Note 2: Worst case package.
Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND.

Note 4: Max number of Data Inputs (n) switching. (n — 1) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (V| _p), OV to threshold (Vi4p),
f=1MHz.

AC Electrical Characteristics: see Section 1.2 for waveforms

74LVQ 54LVQ 74LVQ
Tp = —55°C Ta = —40°C
* = o
Symbol Parameter V((‘:,c) 1;? _ -;02 5':: to +125°C to +85°C Units I;Ig
L=30p CL = 50 pF CL = 50pF -
Min Typ Max Min Max Min Max
fmax Maximurm Clock 33 ) 100 65 70 MHz
Frequency i
tPLH Propagation Delay |, 4 20 9.0 11.5 1.0 14.0 1.5 125 | ns | 1.234
CPtoQq
tPHL Propagation Delay | 4 5 20 85 11.0 1.0 13.0 1.5 120 | ns | 1.234
CPto Qp
tpHL | PropagationDelay | 54 | 55 90 115 | 1.0 135 | 20 125 | ns | 1234
MR to Q,
tosHL, | Outputto
tosth | Output Skew** 3.3 1.0 15 1.5 ns | 1.219
Data to Output

*Voltage Range is 3.3V +£0.3V

**Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, either HIGH to LOW (tognt) or LOW to HIGH (tosLH). Parameter guaranteed by design.
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LvQ174

AC Operating Requirements: sec Section 1.2 for waveforms

74LVQ 54LVQ 74LVQ
R _ . Ta= —55°C | Ta= —40°C !
Symbol Parameter V&‘; TCA ;’-ggs;: to +125°C to +85°C Units | - ';'g
L P CL=S50pF | Cp=50pF -
Typ Guaranteed Minimum
ts Setup Time, HIGH or LOW ' ’
Dpto CP 3.3 2.5 6.5 7.5 7.0 ns 1.2-.7
th Hold Time, HIGH or LOW a3 10 3.0 3.0 3.0 ns ‘ 127
D, to CP . K . . . 127
tw MR Pulse Width, LOW 3.3 1.0 5.5 7.0 7.0 “'ns 1.2:3 °
tw CP Pulse Width 3.3 1.0 - 5.5 7.0 7.0 - ns - |- 1.2-3
trec Recovery Time ' g
MR to GP 33 0 25 3.0 25 ns ‘| 1.237
*Voltage Range Is 3.3V +0.3V |
Capacitance
Symbol Parameter Typ - Units - Conditions
Cin Input Capacitance 45 ‘pF Vee = 3.3V
Crp Power Dissipation o
(Note 1) Capacitance 23 pF Ve = 3.3V
Note 1: Cpp is measured at 10 MHz.
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LVCOAT

MNational

Semiconductor , o '

54LVQ/74LVQ241
Low Voltage Octal Buffer/Line Driver
with TRI-STATE® Outputs

General Description Features
The 'LVQ241 is an octal buffer and line driver desngned to ® Ideal for low power/low noise 3.3V applications
be employed as a memory address driver, clock driver and  ® Implements patented Quiet Series EMI reduction
bus oriented transmitter or receiver which provides im- circuitry
proved PC board density. m Available in SOIC and QSOP packages
® Guaranteed simultaneous switching noise level and
dynamic threshold performance
| Improved latch-up immunity
| Guaranteed incident wave switching into 75Q
m 4 kV minimum ESD immunity

Ordering Code: see Section s

Logic Symbol Connection Diagrams
Pin Assignment for DIP, ) )
IEE/IEC Flatpak and SOIC Pin Assignment for LCC
O — 1 \_/ 20 ty O Iy Og |
OF, = £N 8 — 4> 1o Ve ‘Istélﬁl‘
|o-—:s —<} i OE, [
"] 4 047&—(; :: % 07@ !— [3104
Iy = =0 ||_.\—Q I GND (0] i I Y
- R N 0 e o o
, R \e=u SR - _j[[_
osi}—rl 1 0, - or
¢ 8 — 13
O, =B £N |,—9—\_ P — b Ellll
' — l—o 1
%\ 3 0y 15 0 1y 0
I — [ % GND'ﬂ -lL !
7 TL/F/11355-3
1s — —05
s = % TL/F/11355-2
] 0 :
TL/F/11355-1
’ Truth Tables
Pin Names Description . Inputs Outputs
OF,, OE, TRI-STATE Output Enable Inputs OF; In (Pins 12, 14, 16, 18)
lo-l7 Inputs L L L
0p-07 . Outputs L H H
H X z
Inputs Outputs
OE, In (Pins 3,5,7,9)
L X z
H H H
H L L

HIGH Voltage Level
LOW Voltage Level
Immaterial

High Impedance

H
L
X
z
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LVQ241

Absolute Maximum Rating (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vco) —0.5Vto +7.0v
DC Input Diode Current (l)k)
V)= —0.5V —-20mA -
V| = Vge + 0.5V +20 mA

DC Input Voltage (V)
DC Output Diode Current (Iok)

—0.5Vto Vge + 0.5V

Vo = —0.5V —20 mA

Vo = Vgg + 0.5V +20 mA
DC Output Voltage (Vo) —0.5V.to Vg + 0.5V
DC Output Source

or Sink Current (o) +50 mA
DC V¢ or Ground Current i

per Output Pin (Icc or Ignp) - +50 mA

Storage Temperature (TsTg) —65°Cto +150°C

DC Latch-Up Source or

Sink Current +300 mA
Junction Temperature (T,)

CDIP 175°C

PDIP 140°C

Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom-
mend operation of 'LVQ circuits outside databook specifications.

DC Characteristics

Recommended Operating

Conditions
Supply Voltage (Vcco)

'Lva 3.0Vto 3.6V
Input Voltage (V) OVtoVee
Output Voltage (Vo) OVto Ve
Operating Temperature (Ta)

74LVQ © —40°Cto +85°C

54LvQ - —55°Cto +125°C

Minimum Input Edge Rate AV/At
V|N 0.8V to 2.0V
Voo @ 3.0V 125 mV/ns

Note: Piastic DIP packaging is not recommended for applications requiring
greater than 2000 temperature cycles from —40°C to +125°C.

74LvVQ - 54LvQ 74LVQ
Vee LV ome Ta= Ta= -
Symbol Parameter v Ta= +25°C | _ 55°Cto +125°C | —40°C to +85°C Units Conditions
Typ Guaranteed Limits
ViH Minimum High Level - Vout = 0.1V
Input Voltage 3.0 15 20.. 20 o 20 - v orVee — 0.1V
' Maximum Low Level ' Vout = 0.1V
Input Voltage 3.0 15 08 0.8 0.8 ) . v orVgg — 0.1V
VoH Minimum High Level 3.0 2.09 29 29 29 v lout = —50 pA
Output Voltage
, *VIN = ViLOr ViH
3.0 2.56 2.4 2.46 \' loh = —12mA
VoL Maximum Low Level ) louT = 50 pA
Output Voltage 3.0 | 0.002 0.1 0.1 0.1 \" '
*ViN = ViLorViy
3.0 0.36 0.50 0.44 \ loL = 12mA
N Maximum Input + + + -
Leakage Current 3.6 +0.1 +1.0 +1.0 pA | Vi = Vgo, GND

*All outputs loaded; thresholds on input associated with output under test.




DC Characteristics (continued)

1 MHz.

Note 2: Worst case package.
Note 3: Max number of outputs defined as (n). Data Inputs are driven OV to 3.3V. One output @ GND.
Note 4: Max number of Data Inputs (n) switching. n—1 Inputs switching 0V to 3.3V. Input-under-test switching: 3.3V to threshold (V_p), OV to threshold (Viup), f =

AC Electrical Characteristics: see Section 1.2 for Waveforms

74LVQ 54LVQ 74LVQ
Symbol Parameter Vee | 1, = +25c Ta= Ta= Units | Conditions
(\)] A —55°Cto +125°C | —40°C to +85°C
‘ Typ Guaranteed Limits

loLp TMinimum Dynamic Vorp = 0.8V Max
Output Current 36 36 mA (Note 1)

loHD VoHp = 2.0V Min

3.6 -
2 ™A | (Note 1)

lcc Maximum Quiescent VIN = Vee
Supply Current 36 50 100 s0.0 pA or GND (Note 1)

loz Maximum TRI-STATE VI(OE) = V|, VIH
Leakage Current 36 £05 £100 £5.0 FA |V, = Voo, GND

Vo = Vg, GND

VoLp Qulgt Output . 23 04 08 v (Notes 2, 3)
Maximum Dynamic VoL

Vowv Quiet Output 33 | —04| -o8 v (Notes 2, 3)
Minimum Dynamic Vo ’ : :

Vihp | MaximumHighLevel | 44 | g4 | 5, vV | (Notes 2, 4)
Dynamic Input Voltage

Vio | Maximumlowlevel | 541 4o [ gg V | (Notes2, 4)
Dynamic Input Voltage

tMaximum test duration 2.0 ms, one output loaded at a time.
Note 1: Incident wave switching on ission fines with imp as low as 750 for commercial temp rangeis g d for 74LVQ.

74LvVQ 54LvVQ 74LVQ
Ta = —55°C Ta = —40°C
* = 0,
Symbol Parameter V&(; 1;‘:‘ _ -'5-02 5: to +125°C to +85°C Units l;lg
L=30p Cp = 50 pF CL = 50 pF .
Min Typ Max Min Max Min Max
tpHL, tPLH | Propagation Delay
Data to Output 3.3 2.0 6.5 9.0 20 9.5 ns 1.2-3,4
tpzL, tpzn | Output Enable Time 3.3 25 8.0 13.0 25 13.5 ns 1.2.5,6
tpHz, tpLz | Output Disable Time 3.3 1.0 8.5 145 1.0 15.0 ns 1.2-5,6
tosHL: Output to Output g
tosLH Skew **Data to Output 3.3 1.0 1.5 1.5 ns 1.2-19
Voltage Range is 3.3V £0.3V.
**Skew is defined as the absolute value of the differance bety the actual propagation delay for any two separate outputs of the same device. The specification

‘ applies to any outputs switching in the same direction, either HIGH to LOW (tosH) or LOW to HIGH (tost ). Parameter guaranteed by design.
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LvQ241

Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Capacitance 4.5 pF. Vee = 3.3V
Cpp Power Dissipation . . ‘=
(Note 1) Capacitance 70 PF Vee = 3.3V

Note 1: Cpp is measured at 10 MHz.
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@National

Semiconductor

54LVQ/74LVQ244

‘Low Voltage Octal Buffer/Line Driver

with TRI-STATE® Outputs

General Description

The 'LVQ244 is an octal buffer and line driver designed to
be employed as a memory address driver, clock driver and
‘bus oriented transmitter or receiver which provndes im-
proved PC board densnty

Features

_m Ideal for low power/low noise 3.3V applications

m Implements patented Quiet Series EMI reduction
circuitry

| Available in SOIC and QSOP packages

® Guaranteed simultaneous switching noise level and

" dynamic threshold performance

- @ Improved latch-up immunity

m Guaranteed incident wave switching into 75
B 4 kV minimum ESD immunity

Ordering Code: ses Section 8

Logic Symbol Connection Diagrams
Pin Assignment : .
IEE/IEC for DIP, Flatpak and SOIC Pin Assignment for LCC
s Iy Og I, 05 |
Of —DyEN . . OF, — 4;\'/ v - [‘;‘J lz] 4] @ IZ|I
__1 19 5?2
o —1 > v}—o | N T °7‘1‘ lr- 10,
|y —l — 0, :_A\Q 7, GND @ ﬂ_| @l
'1_ . ! 5\__&_—. T I7lﬂ] ..‘.‘.‘. mﬁ‘
: ? os—?\_ T 0;2 W B9 Vee
I — 03 |Z.—7-\—Q ” I ,s. " W,
05’—\ 0,
8 13
I3 - :} IEI I I ini] I
0F, =B EN o':_g_'\_ 1_2_;: IS
1y — b vi—o, cun#Nq_L Iy TL/F/11356-3
15— — o5
" — Py TLF/11356-2
= . 0
s TL/F/11356-1
Truth Tables
Pin Names Description Inputs . Outputs
OE4, OF; TRI-STATE Output Enable Inputs OE; In (Pins 12,14, 16, 18)
lo-I7 Inputs L L L
0p-07 Outputs L H H
H ' X z
Inputs Outputs
OF, I (Pins 3,5,7,9)
L L L
L H H
H X z
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Z = High impedance
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LVQ244

Absolute Maximum Rating (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availabllity and specifications.
Supply Voltage (Vce)
DC Input Diode Current (i)
V)= —0.5V
V| = Vg + 0.5V
DC Input Voitage (V))

DC Output Diode Current (Iok)

Vo = —0.5V
Vo = Vg + 0.5V
DG Output Voltage (Vo)

DC Output Source
or Sink Current (Ip)

DC V¢ or Ground Cur(eni ‘ . )
per Output Pin (Icc or Inp)- .

Storage Temperature (TsTg)

DC Latch-Up Source or
Sink Current

Junction Temperature (Ty) -

CDIP
PDIP

—0.5Vto +7.0V

—20mA '
+20mA~

—0.5Vto Vg + 0.5V

" +20mA

_—0.5VtoVeg + 0.5V

+50 mA

+50 mA
—-65°Cto +150°C

' £300mA

175°C
140°C

Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the systém design is reliable over its power supply,
temperaturs, and output/input loading variables. National does not recom-
mend operation of 'LVQ circuits outside databook specifications. -

DC Electrical Characteristics

Recommended Operating ' .
Conditions
Supply Voltage (Vce) '
'LvQ . . . 3.0Vio 3.6V
- Input Voltage (V). OV to Vg
‘Output Voltage (Vo) OVioVeg
- Operating Temperature (Tp) S
74LVQ —40°Cto + §5°C
54LVQ B " .—=55°Cto +125°C
Minimum Input Edge Rate AV/At . ...~ .- 8
VN from 0.8V to 2.0V - R
- Vgc @3.0v 1 125mV/ns
Note: Plastic DIP packaging is not ded for app

greater than 2000 temperature cycles from —40°C to +125°C.

requiring

74LvaQ 54LVQ 74LVQ ‘
Symbol’ Parameter Vee | 1, = +25C Ta= TA=: I'Units | Conditions
‘ . (\')] A —55°C to +125°C | —40°C to +85°C .
Typ  Guaranteed Limits ;
ViH Minimum High Leve! . Vour = 0.1V
Input Voltage 30 15 20 2'_0 20 v orVgg — 0.1V
ViL Maximum Low Level : . : " | Vout = 0.1V
Input Voltage 3.0 15 08 0.8 ‘0'8 : v orVgg — 0.1V
VoH Minimum High Level | 3.0 | 2.99 29 2.9 29 V.| lour= —50pA
Output Voltage . "y =
3.0 256 2.4 2.46 v | VIN=VicorViy
L ‘ IoH = —12mA
VoL Maximum Low Leve} 3.0.| 0.002. 0.1 0.1 0.1 Vv lout = 50 pA
Output Voltage Wy =
3.0 0.36 £ 0.50 0.4 v VN = VicorViy
. loL = 12mA
N Maximurn Input 36 +0.1 +1.0 +1.0 pa | V1= Voo, GND
Leakage Current N ) ) .

*All outputs loaded thresholds on input associated with output under test.
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DC Electrical Characteristics (continued)

Note 2:

Worst case package.

74LVQ 54LvVQ 74LVQ
Symbol Parameter Vee| 1= +25°¢ Ta= Ta= Units Conditions
V) —55°C to +125°C|—40°C to +85°C
Typ Guaranteed Limits
lop | TMinimum Dynamic 3.6 36 mA |VoLp = 0.8V Max (Note 1)
lop |Cutput Current 3.6 —25 mA [Vonp = 2.0V Min (Note 1)
lcc Maximum Quiescent VIN = Vce
Supply Current 36 50 : 100 s0.0 KA or GND
loz Maximum TRI-STATE VI(OE) = V|, VIH
Leakage Current 3.6 +0.5 +5.0 A |V) = Vgc, GND
Vo = Veo, GND
VoLp Qme't Output - 33 0.4 08 v (Notes 2, 3)
Maximum Dynamic Vo,
Vov  (QuietOutput 33| -04 | -o08 y |(Notes2.3)
Minimum Dynamic Vo
ViHD Mlmmu.m High Level 23 17 20 v (Notes 2, 4)
Dynamic Input Voltage
ViLp MaX|ml'1m Low Level 23 17 08 v (Notes 2, 4)
Dynamic Input Voltage
TMaximum test duration 2.0 ms, one output loaded at a time.
Note 1: Incident wave switching on transmission lines with impedances as low as 759 for commercial p rangeis g d for 74LVQ.

Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND.

Note 4: Max number of Data Inputs (n) switching. (n — 1) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (V)_p), OV to threshold
(Vitp), f = 1 MHz.

AC Electrical Characteristics: see Section 1.2 for Wavetorms

74LVQ 54LvVQ 74LVQ
o Tao= -55C | Ta= —40°C
* = 0
Symbol Parameter V((‘:;; Té‘ _ Z: 5 : . to +125°C to +85°C Units I;Ig
L=39p CL = 50 pF CL = 50 pF .
Min Typ Max Min Max Min Max
tPHL teLn | Propagation Delay 33 | 20 70 90 20 95 | ns |1.23,4
Data to Output
tpzL, tozH | Output Enable Time 3.3 25 8.0 12.0 2.5 125 | ns |[1.2:586
tpHz, tpLz | Output Disable Time 3.3 1.0 9.0 13.5 1.0 14.0 ns 1.2-5,6
tosHL, Output to Output g
toSLH Skew** Data to Output 3.3 1.0 1.5 1.5 ns 1.2-19

*Voltage Range is 3.3V £0.3V.
**Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, either HIGH to LOW (togi) or LOW to HIGH (tos| ). Parameter guaranteed by design.

Capacitance
Symbol Parameter Typ Units Conditions
CIN Input Capacitance 4.5 pF Vee = 3.3V
Cpp Power.Dlssmauon 70 oF Vce = 3.3V
Capacitance

Note 1: Cpp is measured at 10 MHz.
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LVQ245

MNahonaI

Semiconductor
54LVQ/ 74LV0245

Low Voltage Octal Bldlréctlonal Transceiver
with TRI-STATE® Inputs/Outputs

General Description

The 'LVQ245 contains eight non-inverting bidirectional buff-
ers with TRI-STATE outputs and is intended for bus-orient-
ed applications. Current sinking capability is 12 mA at both
the A and B ports. The Transmit/Receive (T/R) input deter-
mines the direction of data flow through the bidirectional
transceiver. Transmit (active-HIGH) enables data from A
ports to B ports; Receive (active-LOW) enables data from B
ports to A ports. The Output Enable input, when HIGH, dis-

ables both A and B ports by placing them in a HIGH Z condi-.

tion.

" Features :

m |deal for low power/low noise 3.3V applications

m Implements patented Quiet Series EMI reduction
circuitry .

m Available in SOIC and QSOP packages

| Guaranteed simultaneous switching noise Ievel and
dynamic threshold performance

u Improved latch-up immunity

m Guaranteed incident wave switching into 750

’ 4 kV. minimum ESD immunity

Ordering Code: see Section s

Logic Symbols Connection Diagrams
Pin Assignment for DIP,
IEEE/IEC Flatpak and SOIC
ittt OF ]G3 1 =] £
A M oAy Ay Ay As Ag Ay T/‘ts:m (8A) T/Ej 19V—°c
~Ojoe 3 EN2 (4B) A"_sﬁ 1
) L 1 &
— 7
R b nn s, g g VA L, o = e
TTTT 1111 b2V T = 152
TL/F/11357-1 M= e s' “‘4_75 e 5
. J L — 7 14
Ay = l— B; : : B e 3 e E B;
N Pin Description A= BRI & 1—2 — 12 ~5
ames As —>— 5 GND — = LAY [
OE Output Enable Input Ag —4— 5,
T/R Transmit/Receive Input Ay —4>—| —>—5, TL/F/11357-3
Ag-A7 Side A TRI-STATE TL/F/11357-2
' Inputs or TRI-STATE
Outputs .
Bo-B; | Side B TRI-STATE Pin Ass;:g‘""‘“’:“ forkce
= 5 "4 Ry A2
Igstt:’tstgr TRI-STATE AREEGE
] G4
GND K 2] 4
Truth Table » @ [ @
8 [ WA {HT Vee
. 85 @ | | o
_I_nputs — Outputs
OE T/R . ] [
L L | BusBDatatoBusA R
L H |BusADatatoBusB TLRr1857-4
H X HIGH-Z State

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial




Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vcc) —0.5Vto +7.0v

'DC Input Diode Current (I k) [
V)= —0.5V ‘ —-20mA
Vi = Vg + 0.5V +20mA

DC Input Voltage (V)
DC Output Diode Current (Iok)

-0.5VtoVgo + 0.5V

Vo = —0.5V —20 mA

Vo = Vge + 0.5V +20mA
DC Output Voltage (Vo) —0.5Vto Vg + 0.5V
DC Output Source

or Sink Current (o) +50 mA
DC V¢ or Ground Current

per Output Pin (Icc or IgnD) +50 mA

Storage Temperature (TsTg) —65°Cto +150°C

DC Latch-Up Source or

Sink Current + 300 mA
Junction Temperature (T,)

CDIP 175°C

PDIP 140°C

Note 1: Absolute maximum ratings are thoss values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom-
mend operation of "LVQ circuits outside databook specifications.

DC Electrical Characteristics

- Recommended Operating

Conditions
Supply Voltage (Vce)

'Lva@ 3.0Vto 3.6V
Input Voltage (V)) 0Vto Veg
Output Voltage (Vo) OVto Vce
Operating Temperature (Ta) :

74LVQ —40°Cto +85°C

54LVQ -55°Cto +125°C
Minimum Input Edge Rate (AV/At)

Vin from 0.8V to 2.0V -

Ve @ 3.0V 125 mV/ ns

Note: Plastic DIP packaging is not recommended for applications requiring
greater than 2000 temperature cycles from —40°C to +125°C.

74LVQ 54LvVQ 74LVQ
Symbol - Parameter Vee Ta = +25°C Ta= Ta= Units Conditions’
) —55°C to +125°C | —40°C to +85°C
Typ Guaranteed Limits
VIH Minimum High Level Vout = 0.1V
Input Voltage 3.0 15 20 20 20 v orVgg — 0.1V
ViL Maximum Low Level Vout = 0.1V |
Input Voltage - 30 15 08 08 0.8 v orVeg — 0.1V
VoH Minimum High Level lour = —50 pA
Output Voltage 3.0 2.99 2.9 2.9 2.9 _ v
*VIN = ViLorViy
3.0 2.56 2.4 2.’46 ' \' loh = —12mA
VoL = | Maximum Low Level ‘ lour = 50 pA
Output Voltage 3.0 0.002 0.1 0.1 0.1 ‘ \
*VIN = ViLorViy
‘ 3’.0 0.36 050 0.4{ ‘ A\ loL = +12mA
™ Maximum Input Vi = Vcc, GND
Leakage Current 3.6 £0.1 £1.0 £1.0 pA

*All outputs loaded; thresholds on input associated with output under test.
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LvVQ245

DC Electrical Characteristics (continued)

74LVQ 54LVQ 74LVQ
Vee - . Ta= Ta= . n~
Symbol Parameter W Ta= +25°C | 55°Cto +125°C | —40°C to +85°C Units Conditions
Typ Guaranteed Limits .

loLp FMinimum Dynamic VoLp = 0.8V Max
Output Current 36 3 mA | (Note 1)

loHD 36 _25 mA 2/’\?01.:2 1‘—)‘ 2.0V Min

Icc Maximum Quiescent VIN = Vce
Supply Current 86 50 100 500 rA or GND

lozT Maximum /0 | VIOE) = Vi, Vi
Leakage Current 3.6 +0.6 +11.0 +6.0 pA | Vi = Ve, GND

Vo = Voc, GND

Vorr Quiet Output 23 05 08 v (Notes 2, 3)
Maximum Dynamic Vo | ™ ’ ’

VoLv Quiet Output as | —o05| —o0s8 v (Notes 2, 3)
Minimum Dynamic Vor. ’ ) ’ ‘

ViHD Maximum High Level 33 16 20 v (Notes 2, 4)
Dynamic Input Voltage ’ : !

ViLp Maximum Low Level a3 1.7 08 v (Notes 2, 4)
Dynamic Input Voltage : ’ ’

‘tMaximum test duration 2.0 ms, one output loaded at a time.

Note 1: Incident wave switching on transmission lines with impedances as low as 759 for commercial temperature range is guaranteed for 74LVQ.
Note 2: Worst case package.
Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND.

Note 4: Max number of Data Inputs (n) switching. (n — 1) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (V_p), OV to threshold
(Vibp), f = 1 MHz.

AC Electrical Characteristics: sce section 1.2 for Waveforms

74LVQ

74LVQ 54LVQ
* - o Ta = —55°C Ta = —40°C .
Symbol Parameter Vgg Sl to +125°C to+85C | Units | |
L P CL = 50 pF CL = 50pF -
) Min Typ Max Min Max Min Max
tpHL, tpLH | Propagation Delay g
Data to Output 3.3 2.0 7.5 10.0 2.0 10.5 ns 1.2-3,4
tpzL, tpzH | Output Enable Time 3.3 3.0 8.5 13.0 3.0 13.5 ns 1.2-5,6
tpHz, tpLz | Output Disable Time | 3.3 1.0 8.5 14.5 1.0 15.0 ns 1.2-5,6
tosHL, Output to Output
tosLH Skew** 3.3 1.0 15 15 ns | 1.2-19
: Data to Output

*Voltage Range is 3.3V £0.3V -

**Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, sither HIGH to LOW (togHL) or LOW to HIGH (tosLH). Parameter guaranteed by design.
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Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Capacitance 4.5 pF Vece = 3.3V
Civo Input/Qutput _
Capacitance 15 pF Veg = 3.3V
Cpp Power Dissipation = .
(Note 1) Capacitance 67 pF Voo = 3.3V -

Note 1: Cpp is measured at 10 MHz,
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LvVQ273

%National

Semiconductor

54LVQ/74LVQ273

Low Voltage Octal D Flip-Flop

General Description

The 'LVQ273 has eight edge-triggered D-type flip-flops with
individual D inputs and Q outputs. The common buffered
Clock {CP) and Master Reset (MR) input load and reset
(clear) all flip-flops simultaneously.

The register is fully edge-triggered. The state of each D in-
put, one setup time before the LOW-to-HIGH clock tran-
sition, is transferred to the corresponding flip-flop's Q out-
put.

All outputs will be forced LOW independently of Clock or
Data inputs by a LOW voltage level on the MR input. The
device is useful for applications where the true output only is
required and the Clock and Master Reset are common to all
storage elements.

Features

m |dea! for low power/low noise 3.3V applications

B Implements patented Quiet Series EMI reduction
circuitry

B Available in SOIC and QSOP packages

m Guaranteed simultaneous switching noise level and
dynamic threshold performance

m Improved latch-up immunity

m Guaranteed incident wave switching into 75Q

B 4 KV minimum ESD immunity

Ordering Code: seec sections

Logic Symbols Connection Diagrams
Pin Assignment for DIP,
IEEE/IEC Flatpak and SOIC
L1111l R . P
B O Dz Dy Dy D5 Dg Dy P c1 R 1o,
cP 0y —J 10 Q 03 18}-n,
" 01— — o, b =4 17[=0;
Q @ Q Q3 Q4 Q5 Q5 Q; 0, —] o, o -5 16§05
T T 0y —| o, 9,18 15f-0;
TL/F/11358-1 D, et o D, —7 1405
04_ _04 D;—8 13}=0,
S ° el 12}-q,
05— — 0
6 oo =10 11f=cp
b7 — m—
TL/F/11358-2 TL/F/11358-3
Pin Namea Description Pin Assignment for LCC
Do-D7 Data Inputs Dy D, & G O
MR _ Master Reset 2] IEIEI o3]
CP Clock Pulse Input
Qo-Q7 Data Outputs

% & G 05 b TL/F/11358-4
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Mode Select-Function Table . - : o

Operating Mode — ‘Inputs - Qutputs e ‘ ’ '
L MR cp Dn Q, -
Heset‘(CIear) L X X ‘ ' H = HIGH Voltage Level
L = LOW Voltage Level-
Load ‘1’ H ST H H X = Immaterial ’ N
Load ‘0’ H —/~ = LOW-to-HIGH Transition
Logic Diagram . ‘ , " .
o % y o o5 © ooy o % 5
e >ol N N = | N ‘
I— ] Q I- 4 Q D Q |‘ D Q \- D Q I— D Q L [ Q 0 Q
D cp D cp D cp D cp —cD e ) D cp >§F. ' > cp
R R % v | R % e o
w—o> ] ] i i | j 1
[ o 0 o o o ) o

TL/F/11358-5
Please note that this diagram is provided only for the understanding of logic oberations and should not be used to estimate propagation delays. '

1-103

€420A1




LvVQ273

Absolute Maximum Ratings ote 1)

If Military/Aerospace specified devices: are r‘equlr'gd,“ '

please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vcc)

DC Input Diode Current (I|K)
V= —0.5V ]
Vi = Vce + 05V

DC Input Voltage (V)

DC Output Diode Current (Iok)
Vo = —-0.5V
Vo = Vgg + 0.5V

DC Output Voitage (Vo)

DC Output Source
or Sink Current (Io)

DC Vcc or Ground Current

per Output Pin (lccorlgnp) | Ll

Storage Temperature (Tstg)
DC Latch-up Source or
Sink Current .
Junction Temperature (T )
CDIP
PDIP

DC Characteristics

.. <05Vt +7.0V

" ~20mA
+20mA

—05VioVeg + 0.5V

—20mA
+20mA

. —0.5VtoVgg + 0.5V

Sl +50mA
—65°Cto +150°C

+300mA .

175°C

£50mA_

Recommended Operatmg =

Conditions . ‘
Supply Voltage (Vcc) : , o :
'Lva- S .. - 30Vi036V
_inputVoltage(v) . . ;' .. OVtoVge
Output Voltage (Vo) . ' 'OV to Vee
Operatmg Temperature T A) i ] i
74LVQ - - : ---—40°Gto +85°C

54LVQ —-55°Cto +125°C

Minimum Input Edge Rate AV/At - - - - ;. .. '
VN from 0.8V to 2.0V

‘ Ve @ 3.0V . 125 mV/ns

;Note: Plastic DIE packaging is not r ded for applications requiring

greater than 2000 temperature cycles from —40°C to +125°C.

. ,140°C -
Note 1: Absolute maximum ratings are those values beyond wmch damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom-
mend operation of 'LVQ circuits outside databook specifications.

74LVQ 54LVQ 74LVQ
Vee - " Ta = Ta=
Symbol Parameter ) Ta= +25°C | _ 55°C to +125°C | —40°C to +85°C Units Conditions
Typ Guaranteed Limits
Vin Minimum High Level | 3.0 1.5 2.0 20 2.0 Vout = 0.1V
Input Voltage \ orVgg — 0.1V
Vi Maximum Low Level | 3.0 [ 15 0.8 0.8 0.8 Vour = 0.1V
Input Voltage Vv orVec — 0.1V
VoH Minimum High Level | 3.0 | 299 2.9 2.9 2.9 loyt = —50 pA
Output Voltage Vv
*VIN = ViLorViy
3.0 2.56 24 2.46 loH = —12mA
VoL Maximum Low Level | 3.0 | 0.002 [ 0.1 0.1 0.1 v lout = 50 pA
Output Voltage
*VIN = ViLor Vi
3.0 0.36 0.50 0.44 loL =12mA
IN Maximum Input V| = Vg, GND
Leakage Current 36 £0.1 £1.0 £1.0 pA

*All outputs loaded; thresholds on input associated with output under test.

1-104




DC Characteristics (continued)

74LVQ 54LVQ 74LVQ
; Vee _ . Ta= Ta= . "
Symbol Parameter v Ta= +25°C | _ 55'Cto +125°C | —40°C to +85°C Units Conditions
Typ Guaranteed Limits
. TMinimum Dynamic . VoLp = 0.8V Max
loLo Output Current 36 36 mA (Note 1)
: VoHp = 2.0V Min
| X - .
OHD 3.6 25 mA (Note 1)
lcc Maximum Quiescent VIN = Vce
Supply Current 36 5.0 100 50 rA or GND (Note 1)
VoLp Quiet Output i (Notes 2, 3)
: Maximum Dynamic Vo 33| 04 0.8 v
VoLv Quiet Output 33 | —03| —os v (Notes 2, 3)
Minimum Dynamic VoL ’ ’ e
ViHD Maximum High Level 33 17 20 v (Notes 2, 4)
Dynamic Input Voltage : ' ’ !
ViLp Maximum Low Level 33 | 16 0.8 v (Notes 2, 4)
Dynamic Input Voltage ’ ’ ’ ‘ ’

‘TMaximum test duration 2.0 ms, one output loaded at a time.

Note 1: Incident wave switching on ission lines with imped: as low as 75Q for commercial temperature range is guaranteed for 74LVQ.
Note 2: Worst case package. )

Note 3: Max number of outputs d_eﬁned as (n). Data Inputs are driven OV to 3.3V; one output at GND.

Note 4: Max number of Data Inputs (n) switching. {n — 1) inputs switching 0V to 3.3V. Input-under-test switching: 3.3V to threshold (V|_p), OV to threshold (Viyp),
= 1MHz.

AC Electrical Characteristics: see Section 1.2 for Waveforms

74LVQ 54LVQ 74ACQ
Ta = —55°C Ta = —40°C )
* = o
Symbol | Parameter V(“’I‘; Té‘ _ ";:5: to +125°C to +85°C | Units :'g
L=2%0p CL = 50pF CL = 50pF )
Min Typ Max Min Max Min Max
fmax Maximum Clock 33 90 75 75 MHz
Frequency )
tPLH PropagationDelay | 55 | 49 80 125 | 10 150 | 30 140 | ns | 1234
CPtoQp
teiL | PropagationDelay | 55 | 4,4 g5 130 | 10 160 | 35 145 | ns | 1234
CPto Qp
teL | PropagationDelay | g4 | 4 85 130 | 10 160 | 35 140 | ns | 1.2:3,4
MR to Qp
tosHL, Output to Output 33 1.0 15 1.5 ns 1.2-19
tosLH Skew**

*Voltage Range is 3.3V £0.3V
**Skew is defined as the absolute value of the difference between the actual propagation delay for any two outputs within the same packaged device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (togy() or LOW to HIGH (tosLH). Parameter guaranteed by design. Not
tested.
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LvVQ273

AC Operating Requirements: see Section 1.2 for Waveforms

74LVQ

74LVQ - 54LVQ
o ‘ Ta= —55°C | Ta= —40°C.
* o 0, i
Symbol " Parameter | Ve | e to+125C | to+85C | Units | 19
AN e CL=50pF | cC_=50pF -
} " Typ Guaranteed Minimum
ts Setup Time, HIGH or LOW ‘ .
Dy to CP 3.3 5.0 8.0 6.0 ns 1.2-7
th Hold Time, HIGH or LOW 3 3 0.0 0.0 ‘ 0.0 ns 1.7
Dp to CP ) : : : i
tw Clock Pulse Width
HIGH or LOW a3 55 65 6.0 ns | 127
tw MR Pulse Width
HIGH or LOW 3.3 5.5 10.0 6.0 ns 1.2-.7
ty Recovery Time ‘ g
ME to GP 3.3 _ 4.0 6.0 . 4.5 ns 1.2-3
*Voltage Range is 3.3V +0.3V
Capacitance
Symbol Parameter Typ Units ‘Conditions -
CiN Input Capacitance 4.5 pF Ve = 3.3V
Cpp Power Dissipation 35 E Vce = 3.3V
(Note 1) Capacitance : P

Note 1: Cpp is measured at 10 MHz.
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@National

Semiconductor
54L.VQ/74LVQ373

Low Voltage Octal Transparent Latch

with TRI-STATE® Outputs

General Description

The 'LVQ373 consists of eight latches with TRI-STATE out-
puts for bus organized system applications. The latches ap-
pear transparent to the data when Latch Enable (LE) is
HIGH. When LE is low, the data satisfying the input timing
requirements is latched. Data appears on the bus when the
Output Enable (OE) is LOW. When OE is HIGH, the bus
output is in the high impedance state.

Features

m |deal for low power/low noise 3.3V applications

B Implements patented Quiet Series EMI reduction
circuitry

W Available in SOIC and QSOP packages

B Guaranteed simultaneous switching noise level and
dynamic threshold performance

~ m Improved latch-up immunity

B Guaranteed incident wave switching into 750
W 4 kV minimum ESD immunity

Ordering Code: see section 8

Connection Diagrams

Logic Symbols
: Pin Assignment for DIP,
IEEE/IEC Flatpak and SOIC
L1t tld — — N
D O 5, 0; 0; 05 D b OF EN OE—{1 20—Vge
—dLE LE c1 0o=12 191=0,
—oloe o —J 10 v —0 Dp—{3 18]-D,
O 0 0, 03 04 05 05 Oy 0 04 1710
Dy et —0
TTTT 1111 o] ., o—{s 160,
TL/F/11359-1 0y —] o, 0,—16 1505
0, —] o, D,—7 141—Dg
Dy — Lo, D;— 8 13},
05 — iy 039 12f=0,
GND=—110 11=LE
o — —0
TL/F/11359-2 TL/F/11359-3
Pin Names Description
Do-D7 Data Inputs Pin Assignment for LCC
LE Latch Enable Input D3 0, 0, 0 D
OE Output Enable Input l @ E EI EI
0p-07 TRI-STATE Latch Outputs

TL/F/11359-4
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LVQ373

Functional Description

The 'LVQ373 contains eight D-type latches with TRI-STATE
standard outputs. When the Latch Enable (LE) input is
HIGH, data on the D, inputs enters the latches. In this con-
dition the latches are transparent, i.e., a latch output will
change state each time its D input changes. When LE is
LOW, the latches store the information that was present on

the D inputs a setup time preceding the HIGH-to-LOW tran--

sition of LE. The TRI-STATE standard outputs are con-
trolled by the Output Enable (OE) input. When OE is LOW,
the standard outputs are in the 2-state mode. When OE is
HIGH, the standard outputs are in the high impedance mode
but this does not interfere with entering new data into the
latches.

Logic Diagram

Do

Truth Table
Inputs k Outputs
LE OE Dp On
X H X Z
H L L L
H- L H H
L L X Op

H = HIGH Voltage Level

L = LOW Voltage Level

Z = High Impedance

X = Immaterial

Qg = Previous O before HIGH to Low transition of Latch Enable

ol
|
ol
|
of
1
©
]
o

—O
[ e 2
Ol

[ @ 2]
—Olo
[ = [
2

I L |
03 0, 05

N
0

0

TL/F/11359-5

Please note that this diagram is provided only for the und ding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availabllity and specifications.

Supply Voltage (Vcc) ~0.5V to +7.0V

DC Input Diode Current (I|K) TR
SV = —0,5V —20 mA
Vi = Vg + 05V +20mA

v DC Input Voltage (V.)
DC Output Diode Current (lok)

Vo = —0.5V —20 mA

Vo = Vgc + 0.5V +20mA
DC Output Voltage (Vo) —0.5Vto Vgg + 0.5V
DC Qutput Source ' '
_ or.Sink Current (Ip) - . +50 mA
DC Vg or Ground Current ‘

per Output Pin (Icc or Ignp) +50 mA

* Storage Temperature (Tstg)
DC Latch-Up Source or |,

—65°Cto +150°C "~

Recommended Operating

“Conditions
Supply Voltage (Vcc)
'LvQ 3.0Vto 3.6V
-Input Voltage (V) 0V to Vo
Output Voltage (Vo). 0VtoVee

—0.5VtoVge + 0.5V

-Sink Current -+~ - -~ . -£300mA -
Junction Temperature (T J) }
. CDiP - . 175°C
PDIP o 140°C

Note 1: Absolute maximum ratings are those values beyond whmh damage

- o the device may occur. The databook specifications should be met, without. .

exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom
mend operation of 'LVQ circuits outside databook spsc-flcatlons

DC Characteristics

Operatlng Temperature (Ta)

—40°Cto +85°C
—-55°Cto +125°C .

"74LVQ
s4Lva .

Minimum lnput Edge Rate (AV/At)
VN from 0.8V to 2.0V
Vec@3.0vV : 125 mV/ns

Note: Plastic DIP packaging is not recommended for apphcanons requnnng
greater than 2000 temperature cycles from —40°C to +125°C.

74LVQ 54LVQ 74LVQ
Vee = 405 Ta= Ta= .
Symbol Parameter ) Ta = +25°C —55°C to +125°C- | -~ 40°C to +85°C Units. |- Conditions
. i Typ Guaranteed Limits
Vig .| Minimum High Level ' . :|: I R Vour = 0.1V
:Input Voltage 8.0 15 o 20 20 - 20 v, orVeec — 0.1V
viL Maximum Low Level | . f: .. |. _ Vout = 0.1V
Input Voltage . 30 | 151 0',8 . 0.‘8 0.'8 v orVeggc — 0.1V
VoH. . .| Minimum High Level. | 3.0 | 2.99 2.9 29 .29 V . | lour = —50 pA
‘ Output Voltage T , . . *ViN = ViLor Viy
3.0 2.§6 2.4 2.46 \ lon = —12mA
VoL . |.Maximum Low Level | 3.0 | 0.002 | 0.1 0.1 " 0.1 V| lour = 50 A
Output Voltage _ P T VN = ViLorVig
‘ ‘ 3.0 036" 0.50 . 0.44 Vol o s 12ma
IN . Maximum Input V| = Vgc, GND
Leakage Current 3.6 £0.1. £1.0 £1.0 pA | 1T .

*All outputs loaded; thresholds on input associated with output under test.
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LvQ373

DC Electrical Characteristics (continued)

Note 2: Worst case package.
Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND

Note 4: Max number of Data Inputs (n) swnchmg (n — 1) inputs swnching OV to 3. 3V Input -under-test switching: 3.3V o threshold (V"_D). OV to threshold .
(Vibp): f = 1 MHz. L

AC Electrlcal Characterlstics. See Section 1.2 for Waveforms

74LVQ’ 54LVQ 74LVQ
Symbol | - Parameter Vec| ¢, = yogg | TAS Ta= Units Conditions ~
) A —55°Cto +125°C| —40°C to +85°C IO
Typ Guaranteed Limits o

loLp ‘tMinimum Dynamic 3.6 36 mA |VoLp = 0.8V Max (Note 1)

lonp | Output Current 3.6 =25 mA_| Vowp = 20V Min (Note 1

Icc Maximum Quiescent |- VIN ='Vce ‘
Supply Current 38. 50 100 50 KA or GND

loz Maximum TRI-STATE Ca VI(OE) = VI, VIH. .-
Leakage Current 3.6 +0.5 +10.0 +5.0 A |VI=Vco,GND., - o

Vo =Vce, GND - .

VoLp | Quiet Output 33| 04 08 v (Notes 2, 3) o
Maximum Dynamic Vo | = ’ ' AR

VoLv | Quiet Output 33| —0a| -08 V: (Notes 2,3)
Minimum Dynamic VoL | © ’ ’ <

ViHD Maximum High Level 33| 17 20 v (Notes 2._4) .
Dynamic Input Voltage | ™ ) ’ ) ;

ViLo MaX|mt.1m Low Level 33| 16 08 v (Nojes 2,. 4) . ': ;
Dynamic Input Voltage

TMaximum test duration 2.0 ms, one output loaded at a time. o ) :
Note 1: Incident wave switching on t lines with impedances as low as 750 for p range is guaranteed for 74LVQ, .

74LVa 54LVQ 74LVQ
Ta=—55C | Ta= —40°C |
* = o
Symbol Parameter v(“:,‘; Té_ =;:5f to +125°C to +85°C | Units '::g ‘
L=20pF Cy = 50 pF CL.= .50 pF ‘ -
' Min Typ Max Min Max Min Max -
tPHL, tPLH Emt‘fga‘”" Delay 33 | 25 80 105 25 110 | ns |1.23,4
n n N
teLH, tPLH Eg;aga‘m" Delay 3a| 25 80 120 25 - 125 | ns |1.2:3,4
n L .
tpzL, tpzH | Output Enable Time 33 | 25 85 130 25 185 | ns | 1.25,6
tpriz, tpLz | Output Disable Time 33 | 1.0 90 145 10 150 | ns |1.256
) hdd . ; . '
:gz:‘: Dutpulio QuiputSkew™ | 3.9 10 15 15 | ns | 12419
n n .

*Voltage Range is 3.3V +£0.3V.

**Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, either HIGH to LOW (tggny) or LOW to HIGH (togy ). Parameter guaranteed by design.
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AC Operating Requirements: see section 1.2 for Waveforms

74LVQ 54LVQ 74LVQ
Ta = —55C | Tp= —40°C
. = 0,
Symbol Parameter V&‘; 1;:“ =;:5f to +125°C to +85°C | Units :'3
L=20p CL=50pF | CL=50pF .
Typ Guaranteed Minimum
ts Setup Time, HIGH or LOW ‘
Dnto LE ‘ 3.3 0 3.0 3.0 ns 1.2-7
th . Hold Time, HIGH or LOW .
D to LE 3.3 0 1.5 1.5 ns 1.2-7
tw LE Pulse Width, HIGH 3.3 20 4.0 4.0 ns 1.2-3
*Voltage Range is 3.3V +0.3V. '
Capacitance
 Symbol Parameter Typ Units Conditions
Cin Input Capacitance 4.5 pF Vo = 3.3V
Cpp Power Dissipation 39 F Vco = 3.3V
(Note 1) Capacitance P

Note 1: Cpp is measured at 10 MHz.
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LVQ374

MNational .

Semiconductor

54LVQ/ 74LVQ374

Low Voltage Octal D F||p-FIop with TRI-STATE® Outputs

General Description

The 'LVQ374 is a high-speed, low-power octal D-type flip-

flop featuring separate D-type inputs for each flip-flop and
TRI-STATE outputs for. bus-oriented applications. A buff-
ered Clock (CP) and Output Enable (OE) are common to all
flip-flops.

Features
m |deal for low power/low noise 3.3V appllcahons

m Implements patented Quiet Series EMI reductlon
circuitry

] Avallable in SOIC and QSOP packages .

m Guaranteed simultaneous ‘switching noise level and dy-
namic threshold performance e

m Improved latch-up immunity = .- ST

® Guaranteed incident wave switching |nto 759.

m 4 kV minimum ESD immunity

m Buffered positive edge-triggered clock

B TRI-STATE outputs drive bus lines or buffer memory
address registers

o

Ordering Code: see Section s

Logic Symbols

Connection Diagrams

Pin Assignment for DIP,

IEEE/IEC Flatpak and SOIC
— — -/
HHHH  =p
—e cp c1 02 19f-o,
e 18=0,
-0l ot Do 1D > Vo, D, —{4 17 |=Dg
O 0 0p 03 04 05 05 Oy Dy = =0 0 =5 16 }—05
[T T T Td 0= 02 0,~16 1505
TL/F/11360-1 D3 = 03 D,—7 14 |—=Dg
0, — 0, 0;—8 13}=0,
D5 —— 0 039 12—0,
Dg = —0¢ GND =—{10 11p=CP
U % TL/F/11360-3
TL/F/11360-2
Pin Names Description Pin Assignment for LCC
Ds D, 0 O Dy
Do-D7 Data Inputs EBE @
CP Clock Pulse Input ]
OE TRI-STATE Output Enable Input
0p-07 TRI-STATE Outputs

TL/F/11360-4
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Functional Description Truth Table
The 'LVQ374 consists of eight edge-triggered flip-flops with :
individual D-type inputs and TRI-STATE true outputs. The . Inputs Outputs .
buffered clock and buffered Output Enable are common to Dn CP OE - On
all flip-flops. The eight flip-flops will store the state of their H = L H
individual D inputs that meet the setup and hold time re-
quirements on the LQN-to-HIGH Clock (CP) transition. With L s L L
the Output Enable (OE) LOW, the contents of the eight flip- X X H Z
flops are available at the outputs. When the OE is HIGH, the H = HIGH Voltage Level
outputs go to the high impedance state. Operation of the L = LOW Voltage Level
OE input does not affect the state of the flip-flops. X = Immaterial
Z = High Impedance
-/~ = LOW-to-HIGH Transition
Logic Diagram
% b 0y D3 0 05 0g 5
R S P S P S S S S P
CP D CP D () ) [) [ [T [ )
Q Q Q Q Q__Q Q Q Q Q Q @ Q Q0 Q Q
oF _OD T T D | T v o oo
% K 0, 05 0 05 ] %

TL/F/11360-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

v2E0A1
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LvQ374

Absolute Maximum Ratings (ote1) .
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vce) —0.5Vto +7.0V
DC Input Diode Current (k)
V)= —0.5V —20mA
V)= Vgg + 0.5V +20mA

DC Input Voltage (V)
DC Output Diode Current (Iok)

—0.5VtoVge + 0.5V

—20 mA

Vo = —0.5V

Vo = Vgg + 0.5V +20mA
DC Output Voltage (Vo) —0.5VtoVgg + 0.5V
DC Output Source

or Sink Current (lp) +50 mA
DC V¢ or Ground Current

per Output Pin {Icc or IgnD) +50 mA

Storage Temperature (TsTg)

—65°Cto +150°C
DC Latch-Up Source or )

Sink Current +300 mA
Junction Temperature (T,) ‘ . i
CDIP ) " 175°C
PDIP " ' 140°C

Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. Nationa!l does not recom-
mend operation of 'LVQ circuits outside databook specifications.

DC Electrical Characteristics

Recommended Operating

Conditions
Supply Voltage (Vcc)

'LvQ ) 3.0Vto 3.6V
Input Voltage (V)) 0V to Vee
Output Voltage (Vo) ) 0Vto Vce
Operating Temperature (Ta) )

74LVQ . —40°Cto +85°C

54LVQ —-55°Cto +125°C

Minimum Input Edge Rate (AV/At)
V|n from 0.8V to 2.0V
Vee @ 3.0V 125 mV/ns

Note: Plastic DIP packaging is not recommended for applications requiring
greater than 2000 temperature cycles from —40°C to +125°C.

74LVQ 54LVQ 74LvQ
Symbol Parameter Vee Ta = +25°C Ta= Ta = Units Conditions
V) ~55°Cto +125°C | —40°C to +85°C
Typ Guaranteed Limits
VIH Minimum High Level Vout = 0.1V
Input Voltage 3.0 1.5 2.0 2.0 2.0 Voo Vog — 04V
ViL Maximum Low Level Vour = 0.1V
Input Voltage 3.0 18 08 08 08 v orVgc — 0.1V
VoH Minimum High Level | 3.0 | 299 29 29 29 V | lour = —50 A
Output Voltage o
3.0 2.56 2.4 2.46 v | VN = VicorViy
loH = —12mA
VoL Maximum Low Level [ 3.0 | 0.002 0.1 0.1 0.1 \" lout = 50 pA
Output Voltage Y-
3.0 0.36 0.50 0.44 v [ ViN=VicorViy
loL = 12mA
N Maximum Input 36 +0.1 +10 £1.0 pa | V1= Voo GND
Leakage Current

*All outputs loaded; thresholds on input associated with output under test.
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DC Electrical Characteristics (continueq)

vZE0AT

Note 2: Worst case package.
Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND.

Note 4: Max number of Data Inputs (n) switching. (n — 1) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (V_p), OV to threshold

(ViHp), f = 1 MHz.

AC Electrical Characteristics: see Section 1.2 for Waveforms

74LVQ 54LVQ 74LVQ
Symbol Parameter Vee Ta = +25°C Ta= - : Ta = Units Conditions
; v) —55°Cto +125°C | —40°C to +85°C |
Typ Guaranteed Limits
loLp TMinimum Dynamic VoLp = 0.8V Max
| Output Current 36 ?6 mA (Note 1)
loHD _ VoKD = 2.0V Min
36 25 mA | (Note 1)
lec Maximum Quiescent ) ) VIN = Veo
Supply Current 36 50 100 50 "A or GND (Note 1)
loz Maximum TRI-STATE ) - ) VI(OE) = V|, VIH
Leakage Current 3.6 +0.5 +10.0 150 pA | V)= Ve, GND
- | Vo = Vcc, GND
VoLp Qune.t Output ' as 0.5 08 v (Notes 2, 3)
Maximum Dynamic Vo
VoLv Qfm.et Output ‘ Y —03 | —08 v (Notes 2, 3)
Minimum Dynamic Vo
ViHD Maxnmljum High Level 33 1.7 20 v (Notes 2, 4)
Dynamic input Voltage C
ViLo Max1m|:|m Low Level 33 16 0.8 v (Notes 2, 4)
Dynamic input Voltage
tMaximum test duration 2.0 ms, one output loaded at a time.
Note 1: Incident wave ing on ission lines with imped as low as 754 for commercial temperature range is guaranteed for 74LVQ.

74LVQ 54LVQ 74LVQ
Tp = —55°C Ta = —40°C
* = o,
Symbol Parameter Vg;; Té‘ _ :02 5 :_: to +125°C to +85°C Units ':g
L=50p CL = 50 pF CL = 50 pF g
Min Typ Max Min Max Min Max
fmax Maximum Clock Frequency [ 3.3 75 70 MHz
tPLH, tPHL | Propagation Delay 33 [ 30 95 130 30 135 | ns | 1234
CP10 0, . X . X . . .2-3,
tpzL, tpzy | Output Enable Time 33 | 830 95 130 3.0 13.5 ns 1.2-5,6
tpHz, tpLz | Output Disable Time 3.3 1.0 95 145 1.0 15.0 ns 1.2-5,6
tosHL Output to Output Skew** g
tosLh CPto Oy 3.3 1.0 1.5 1.5 ns 1.2-19
*Voltage Range is 3.3V £0.3V

**Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, either HIGH to LOW (togHL) or LOW to HIGH (tos|H). Parameter guaranteed by design.




AC Operating Requirements: see Section 1.2 for Waveforms

LVQ374

74LVQ 54LVQ 74LVQ
‘ Ta = —55C | Ta= —40°C "
. * = 0
Symbol Parameter V(‘\’,‘; Té‘ =";°25: to +125°C to +85°C | Units :'g'
L=30p CL=50pF | C_=50pF -
Typ Guaranteed Minimum
ts Setup Time, HIGH or LOW )
Dnto CP 33 0 3.0 3.0 ns 1.2-7
th Hold Time, HIGH or LOW ) . .
D, to CP 3.3 0 1.5 15 ns 1.2-7
W CP Pulse Width, . o
HIGH or LOW 3.3 2.0 4.0 4.0 ns 1.2-3
Capacitance
Symbol Parameter Typ Units Conditions
CiNn Input Capacitance 4.5 pF Vee = 3.3V
Cpp Power Dissipation a9 E Vce = 3.3V
" (Note 1) Capacitance P

Note 1: Cpp is measured at 10 MHz.
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Z4National

Semiconductor

54LVQ/ 74LVQ573

Low Voltage Octal Latch with TRI-STATE® Outputs

General Descrlptlon

The 'LVQ573 is a high-speed octal latch with buffered com-
mon Latch Enable (LE) and buffered common Output En-
able (OE) inputs. The 'LVQ573 is functionally identical to the
'LVQ373 but with inputs and outputs on opposite sides of
the package.

Features :

| ldeal for low power/low noise 3.3V applications

u Implements patented Quist Series EMI reduction
circuitry

m Available in SOIC and QSOP packages

m Guaranteed simultaneous switching noise level and
dynamic threshold performance

B Improved latch-up immunity

. ® Guaranteed incident wave switching into 750

W 4 KV minimum ESD immunity

Ordering Code: seo Sections

| _ Connection Diagrams

Logic Symbols
. Pin Assignment for DIP,
‘ IEEE/IEC - Flatpak and SOIC
LILILLl] ol .
% D1 Dy 05 D4 05 0 B =2 ce
—]LE e H 19f=0,
Dp—110  VJ|—0, D=3 184—0,
-ONoE ol e,
Og 0 0, 05 04 05 05 Oy o o
Trrrrrrr % 0, %5=1° 1605
TL/F/11361-1 03— —— 05 e L 15f=o0,
0, 0, Ds=17 14}=05
D — 0, R E 13}=0g
Dg 05 D=9 121—0,
b, —o, eND—{ 10 11}=LE

Pin Names Description

Do-D7 Data Inputs

LE Latch Enable Input

OE TRI-STATE Output Enable Input
0p-07 TRI-STATE Latch Outputs

TL/F/11361-2 TL/F/11361-3

Pin Assignment for LCC

Os D5 Dy D5 Dy
EBDEEBEA
[ ]

L/
HEEDE
% 0,050

TL/F/11361-4
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LVQ573

Functional Description Truth Table

The 'LVQ573 contains eight D-type latches with TRI-STATE : . .
output buffers. When the Latch Enable (LE) input is HIGH, Inputs i Outputs
data on the D, inputs enters the latches. In this condition OE LE D On
the latches are transparent, i.e., a latch output will change L H H H
state each time its D input changes. When LE is LOW the . e
latches store the information that was present on the D in- L H L L
puts a setup time preceding the HIGH-to-LOW transition of L L X Qg -
LE. The TRI-STATE buffers are controlled by the Output H X X z

Enable (OE) input. When OE is LOW, the buffers are en- H = HIGH Voltage
abled. When OE is HIGH the buffers are in the high imped- L = LOW Voltage
ance mode but this ‘does not- mterfere with entenng new Z = High Impedance

data into the latches. X'= Immaterial :
Op = Previous Og before HIGH-to-LOW tvansmon of Latch Enable

Logic Diagram

Do LI D . Dy Dy Ds Ds D,

|—D I-D o 1Y : —1D —4D D —1D —D

o> —————] ‘:?7

0 0, 0; 0y 0, 05 05 0,

TL/F/11361-5

Please note that this dlagram is provided only for the understanding of Ioglc operations and should not be used to estimate propaganon delays
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vog) —0.5Vto +7.0V
DC Input Diode Current (i)
V) = —0.5V —20 mA
V| = Vg + 0.5V +20 mA

DC Input Voltage (V))
DC Output Diode Current (Iok)

—0.5Vto Vg + 0.5V

Vo = —0.5V —20mA

Vo = Vg + 0.5V +20 mA
DG Output Voltage (Vo) —0.5Vto Vg + 0.5V
DC Output Source

or Sink Current (o) +50 mA
DC Vgc or Ground Current

per Output Pin (Icc or Ignp) +50 mA

Storage Temperature (TsTg) —65°Cto +150°C

DC Latch-Up Source or

Junction Temperature (T,)

CDIP 175°C

PDIP 140°C
Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom-
mend operation of 'LVQ circuits outside databook specifications.

Recommended Operating

Conditions
Supply Voltage (Vcg)

'vaQ 3.0Vto 3.6V
Input Voltage (V)) 0V to Voo
Output Voltage (Vo) 0V toVce
Operating Temperature (Ta)

74LVQ —40°Cto +85°C

54LvVQ —55°Cto +125°C

Minimum Input Edge Rate (AV/At)

Sink Current +300 mA V|n from 0.8V to 2.0V
Vce @ 3.0V 125 mV/ns
Note: Plastic DIP packaging is not recommended for applications requiring
greater than 2000 temperature cycles from —40°C to +125°C.
DC Characteristics
74LVQ 54LVQ 74LVQ
Symbol Parameter Vee | 1, = +25¢ Ta= Ta = Units | Conditions
v) —55°C to +125°C | —40°C to +85°C
Typ Guaranteed Limits
ViH Minimum High Level Vout = 0.1V
Input Voltage 3.0 15 20 20 20 v orVee — 0.1V
ViL Maximum Low Level Vout = 0.1V
Input Voltage 30 18 _0'8 08 08 v orVeg — 0.1V
Vou Minimum High Level | 3.0 2.99 29 29 29 \ louT = —50 pA
Output Voltage . "W, —
3.0 2.56 2.4 2.46 v | VIN=ViLorViy
loh = —12mA
VoL Maximum Low Level | 3.0 [ 0.002 0.1 0.1 0.1 \ lout = 50 pA
Output Voltage W —
3.0 0.36 0.50 0.44 v | VIN=VicorViy
loL = 12mA
N Maximum Input 36 +0.4 £1.0 +1.0 JA V| = Vg, GND
Leakage Current

*All outputs loaded; thresholds on input associated with output under test.
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LVQ573

DC Characteristics (continued)

74LVQ 54LVQ 74LVQ
Symbol Parameter Vee Ta = +25°C Ta= Ta = Units Conditions
V) —55°Cto +125°C | —40°Cto +85°C
Typ Guaranteed Limits

loLp +Minimum Dynamic VoLp = 0.8 Viax
Output Current 36 36 mA (Note 1)

10HD ' _ VOHD = 2.0V VMin

3.6 25 mA (Note 1)

lcc Maximum Quiescent VIN = Vce
Supply Current 86 50 100 50 rA or GND (Note 1)

loz Maximum TRI-STATE VI(OE) = Vi, VIH
Leakage Curent 3.6 +0.5 +11.0 +5.0 pA | VI = Ve, GND

Vo = Ve, GND

VoLp Quie.t Output . 33 0.4 0.8 v (Notes 2, 3)
Maximum Dynamic Vo

VoLv O.Lu.et Output ' 33 { —04 | —08 v (Notes 2, 3)
Minimum Dynamic Vo

ViHD Maxnmt.xm High Level 33 16 20 v (Notes 2, 4)
Dynamic Input Voltage

ViLo Maxmt.xm Low Level 33 16 0.8 v (Notes 2, 4)
Dynamic Input Voltage '

‘TMaximum test duration 2.0 ms, one output loaded at a time.
Note 1: Incident wave switching on ion lines with imped as low as 754 for ¢ ial temp rangs is g d for 74LVQ.

Note 2: Worst case package.
Note 3: Max number of outputs defined as (n). Data inputs are driven OV to 3.3V; one output at GND.

Note 4: Max number of Data Inputs (n) switching. (n — 1) inputs switching OV to 3.3V. Input-under-test switching: 3.3V to threshold (Vi p), OV to threshold
(ViHp), f = 1 MHz.

AC Electrical Characteristics: see Section 1.2 for Waveforms

74LVQ 54LVQ 74LVQ
Ta = —55°C Ta = —40°C
* = + ]
Symbol Parameter Vg,‘; 2‘ i 5:: to +125°C to +85°C | Units ';'g
- P CL = 50 pF CL = 50 pF .
Min Typ  Max [ Min Max | Min Max
:::; E“iﬁac?a“" Pelay 33 25 85 10.5 25 11.0 ns |1.2-3,4
n n
:::: Iz;ot;;agauon Delay 33 25 85 120 o5 25 o 1204
n
:Z: Output Enable Time 33 o5 85 130 25 a5 N
:;rzz, Output Disable Time 33 10 0.0 145 1o 5o o | 1250
**
:gz::, gut&ué to Output Skew 33 0 15 s N <210
n n

*Voltage Range is 3.3V +£0.3V

**Skew is defined as the absolute value of the ditference between the actual propagation delay for any two separate outputs of the same device. The specification
applies to any outputs switching in the same direction, either HIGH to LOW (tosHL or LOW to HIGH (tosLH). Parameter guaranteed by design.
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AC Operating Requirements: see Section 1.2 for Waveforms

€L5DA1

74LVQ 54LvVQ 74LVQ
Ta= —55C | Ta= —40°C
* = 0
Symbol Parameter v&‘; TcA _ -;: 5: to +125°C to +85°C Units I;Ig
L=20p CL=50pF | C_=50pF -
Typ Guaranteed Minimum
ts Setup Time, HIGH or LOW a3 0 3.0 a0 ns 1.0.7
DntoLE
ty Hold Time, HIGH or LOW
Dy to LE 3.3 0 1.5 1.5 ns 1.2.7
tw LE Pulse Width, HIGH 3.3 20 4.0 4.0 ns 1.2-3
*Voltage Range 3.3 is 3.3V £0.3V
Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Capacitance 4.5 pF Vee = 3.3V
Cpp Power Dissipation a7 F Vce = 3.3V
(Note 1) Capacitance P

Note 1: Cpp is measured at 10 MHz.
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@National

Semiconductor
DS14C561

PRELIMINARY

+ 3.3V-Powered 4 x 5 Driver/Receiver

General Description

The DS14C561 is a +3.3V-powered device that conforms
to the new EIA/TIA-562 standard. This standard provides a
faster, lower-power alternative to EIA/TIA-232-E (RS-232)
Interfaces, while guaranteeing interoperation with EIA/TIA-
232-E Interfaces. The DS14C561 is guaranteed to operate
with a minimum supply voltage of +3V, while maintaining
the EIA/TIA-562 output signal levels 3.7V.

The DS14C561 features an internal DC-DC converter, with
four external 1.0 uF capacitors to double and invert +3.3V
to +6.6V. The device also offers a shutdown mode that
reduces supply current to 10 uA, making the part ideal for
use in battery-powered or power-conscious applications.

Features

m Conforms to EIA/TIA-562

m Full AC Specifications

m Internal DC-DC converter

m Operates with a single +3.3V supply
W Low power requirement lcc 6 mA max
m Shutdown modse Igx 10 pA max

W Operates over 64 kbps

m Receiver noise filtering

m TRI-STATE® receiver outputs

m Direct replacement of MAX561

Connection Diagram

-/
Dours =] 281 Doyt
Dour1 =12 271 Ris
Doyrz 3 26 Rours
Rz =4 25 |~ sHuTDOWN (SD)
Rour2 =73 24[~EN
Oz =& © B[R
D=7 S 22 Roun
Rour1 =18 E 211Dy
Rnvi=p9 Q 201Dy
6ND —{ 10 19}~ Rours
Vee g 181 Rins
cle—{12 17f=v-
v+ —113 16}-c2-
c1-—{14 15}-c2+

TL/F/11363-1
Order Number DS14C56 1TWM
See NS Package Number M28B .

Functional Diagram

Veo

=

4 vy R
c4
1.0 4F 7 o1- vo ]—T+ 1ouF
£C 70 D¢
SHUTDOWN ——— CONVERTER
s L T X
LouF 28 - :E 1.0 uF
Vee =
300k8
DNy © O Doury
300 kn
Dyz © O Dourz
300 kn
D3 © O Dours
300 kn
Dy © O Doyra
Rour1 © 5 I i O fut
Rourz © S I -E 0 iz
Routs © 25 I E 0 fius
Routs O 5 I % O Rine
Rours © S { E o fns
N Oo—————— J‘ GND

TL/F/11363-2
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DS14C561

Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

Storage Temperature Range

—65°Cto +150°C

please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 sec.) +260°C
Office/Distributors for availability and specifications. Short Gireuit Duration (Doy7) continuous
Supply Voltage (Vco) —0.3Vto +6V
V+ Pin (Vec — 0.3V) to +14V Recommended Operating
V-~ Pin +0.3Vto —14V Conditions
Driver Input Voltage —0.3Vto (Vgc + 0.3V) Min Max Units
Driver Output Voltage (V*+ 4+ 0.3V)to (V- — 0.3V) Supply Voltage (Vo) 3.0 36 Y]
Receiver Input Voltage . 25V Operating Free Air Temp. (Ta)
Receiver Output Voltage -0.3Vto (Vgc + 0.3V) DS14C561 +70 °C
Junction Temperature +150°C
Maximum Package Power Dissipation
@ +25°C (Note 6)
Wide SOIC (WM) Package 1520 mW
Electrical Characteristics
Ve = +3.3V £0.3V, C1-C4 = 1 uF, Ta = 0°C to +70°C, unless otherwise specified (Note 2)
Symbol I Parameter | Conditions | Min | Typ | Max | Units
DEVICE CHARACTERISTICS
v+ Positive Power Supply RL = 3Kk, C1-C4 = 1.0 uF Dy = 0.4V 6.0 \"
V- Negative Power Supply Dy = 2.4V -5.0 \"
lec Supply Current (Vo) No Load 3.5 6.0 mA
lox Supply Current Shutdown RL =3kQ,SD = V¢ 0.1 10 MA
VIH High Level Enable Voltage SD 20 Vece \
ViL Low Level Enable Voltage GND 0.4 \
IH High Level Enable Current -10 +10 pA
I Low Level Enable Current —-10 +10 nA
DRIVER CHARACTERISTICS
VIH High Level Input Voltage Din 2.0 Veo
ViL Low Level input Voltage ' GND 0.4
IH High Level Input Current ViN = 2.0V -10 +10 pA
L Low Level Input Current VN £ 0.4V -10 +10 pA
ViN = 0V -10 +10 pA
Vo High Level Output Voltage RL = 3kQ 3.7 5.0 13.2 "
VoL Low Level Output Voltage 3 Drivers Loaded —132 | —4.0 | —3.7 \"
VoH High Level Output Voltage RL =3k 3.7 4.8 13.2 \
VoL Low Level Output Voltage 4 Drivers Loaded, Vg = +3.3V ~-132 | —42 | —-37 v
lost Output High Short Circuit Current | Vo = 0V, V|y = 0.4V —-20 —-10 -2 mA
los™ Output Low Short Circuit Current | Vo = 0V, V|y = 2.0V 2.0 8.0 20 mA
Ro Output Resistance —2V< Vo < +2V,Voc = GND = 0V 300 Q
RECEIVER CHARACTERISTICS
VTH Input High Threshold Voltage 1.3 2.0 \
V1L Input Low Threshold Voltage 04 1.0 \
VHY Hysteresis 0.05 0.3 \
Rin Input Resistance Ta = 0°Cto +70°C 3.0 4.5 7.0 kQ




Electrical Characteristics (continued)
Vee = +3.3V £0.3V, C1-C4 = 1 pF, Tp = 0°C to +70°C, unless otherwise specified (Note 2)

Symbol | Parameter | Conditions | min | Typ | Max | units
RECEIVER CHARACTERISTICS (Continued)
N Input Current ViN = +25V 3.57 +8.3 mA
ViN = +3V 0.43 +1.0 mA
ViN = —3V —-1.0 —0.43 mA
ViN = —25V -83 ~357 | mA
VoH High Level Output Voltage | Viy = —3V,lp = —200 pA 2.6 3.0 \
VoL Low Level Output Voltage ViIN= +3V,lp = +1.6mA 0.2 0.4 \
Viy High Level Input Voltage EN 2.0 Veo v
ViL Low Level Input Voltage GND 0.4 \
[ High Level Input Current Vin 2 2.0V -10 +10 pA
e Low Level Input Current ViN < 0.4V -10 +10 MA
loz Output Leakage Current EN = Vge, OV < Rout < Voo -10 +10 pA
Switching Characteristics
Ve = +3.3V 0.3V, C1-C4 = 1 uF, Tp = 0°C to +70°C, unless otherwise specified (Note 4)
Symbol | Parameter Conditions I Min I Typ | Max I Units
DRIVER CHARACTERISTICS
tPLH Propagation Delay LOW to HIGH RL = 3kQ 1.0 4.0 us
toHL Propagation Delay HIGH to LOW G = 50pF 08 | 40 | ps
(Figures 1 and 2)
tsk Skew |tpy H-tpHL 0.2 1.0 pns
SR1 Output Slew Rate RL = 3kQto 7k, CL = 50 pF 30 V/ps
SR2 Output Slew Rate Ry = 3k, C = 2500 pF, f = 10 kHz 30 V/ps
t b Output Rise, Fall Time | Voo = 3.3V | R = 3k, C = 2500 pF, f = 10 kHz 02 | 27 | 31 ps
(Note 7) RL = 3k, C_ = 1000 pF, f = 32 kHz 02 | 17| 21 | us
RECEIVER CHARACTERISTICS
tpLH Propagation Delay LOW to HIGH Input Pulse Width > 10 ps 37 9.0 s
tPHL Propagation Delay HIGH to LOW Cp = 150 pF 4.7 9.0 s
tsk Skew |tpLH-tpHL (Figures 3and 4) 1.0 3.0 s
tpLz (Figures 5and 7) 0.2 s
tpzL 1.2 us
tpHZ (Figures 5 and 6) 0.4 ns
tpzH 1.2 us
tnw Noise Pulse Width Rejected (Figures 3 and 4) 4.0 1.0 us

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics” specify conditions for device operation.

Note 2: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground unless otherwise

specified.

Note 3: lpgt and log™ values are for one output at a time. If more than one output is shorted simultaneously, the dsvice power dissipation may be exceeded.

Note 4: Receiver AC input waveform for test purposes: t, = t; = 200 ns, Viy = 3V, V) = =3V, f = 32 kHz (64 kbit/sec). Driver AC input waveform for test
purposes: t; = y = < 10 ns, Viy = 3V, V). = 0V, f = 32 kHz (64 kbit/sec).

Note 5: All typicals are given for Vgc = 3.3V and To = +25°C.

Note 6: Ratings apply to ambient temperature at +25°C. Above this temperature derate: WM package 14.3 mW/°C..
Note 7: Rise and Fall Times (t;, t;) are measured between the +3.3V levels on the driver output. One output switching.
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DS14C561

Parameter Measurement Information

TL/F/11363-3
FIGURE 1. Driver Load Circuit
Viy (o) 1.5V . 1.5V
oL b
. +3y +3Y
Vour (Ooyr) ov ov
-3y —— -3v
—»| SR —>| SR j*—

FIGURE 2. Driver Switching Waveform

Vin Vour
€ =50pF -
TGND

FIGURE 3. Recelver Load Circuit

TL/F/11363-5

v

Vin (Ry) 7 \1.sv

3v
ov

Vou

Vou

i 1.5v N 1.5v

Y 2.6v

Vour (Rour) 0.4V /

touL ton
FIGURE 4. Receiver Propagation Delays and Noise Rejection

O Vour
st 1.7V

-3.0V =—=0 R=1ka

GND

TL/F/11363-7

FIGURE 5. Receiver Disable Load Circuit

TL/F/11363-4
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TL/F/11363-6
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Parameter Measurement Information (continued)

v
1.5V 1.5V
tonz ov
NOTE: S1=-3.0V tozy
v
oH
Voy - 0.1V 2.6V
1.7V

TL/F/11363-8

FIGURE 6. Receiver TRI-STATE® Delay Timing (tpHz, tpzH)

3v
1.5V 1.5V
tiz ov
tz1
1.7V
You + 0.1 NOTE: S1=+3.0V \—0“ VoL

TL/F/11363-9

FIGURE 7. Receiver TRI-STATE® Delay Timing (tpLz, tpzL)

Pin Descriptions

Vee (pin 11)}—Power supply pin for the device, +3.3V
+0.3V.

V+ (pin 13)—Positive supply for drivers. Recommended
external capacitor: C4 = 1 pF. This supply is not intended
to be loaded externally.

V— (pin 17)—Negative supply for drivers. Recommended
external capacitor: C3 = 1 uF. This supply is not intended
to be loaded externally.

C1+, C1— (pins 12 and 14)—External capacitor connec-
tion pins. Recommended capacitor: 1pF.

C2+, C2— (pins 15 and 16)—External capacitor connec-
tion pins. Recommended capacitor: 1 uF.

EN (pin 24)—Controls the Receiver output TRI-STATE®
Circuit. A HIGH level on this pin will disable the Receiver
Output.

SHUTDOWN (SD) (pin 25)—A High on the SHUTDOWN
pin will lower the total Icc current to less than 10 pA. Pro-
viding a low power state.

DN 1-4 (pins 7, 6, 20 and 21)—Inputs of unused drivers
may be left open, an internal pull-up resistor pulls input to
Vce. Output will be LOW for open inputs. (300 k2 minimum,
typically 3.3 MQ2)

Dout 1-4 (pins 2, 3, 1 and 28)—Driver output pins con-
form to EIA/TIA-562 levels.

RiN 1-5 (pins 9, 4, 27, 23 and 18)—Receiver input pins
accept EIA/TIA-562 input voltages (+25V). Receivers fea-
ture a noise filter and guaranteed hysteresis of 100 mV.
Unused receiver input pins may be left open. Internal input
resistor (5 kQ) pulls input LOW, providing a failsafe HIGH
output.

Rout1-5 (pins 8, 5, 26, 22 and 19)—Receiver output pins
generate a maximum Vg of 0.4V given an Ig of 1.6 mA and
a minimum Vpp of 2.6V given an Ip of —200 pA.

GND (pin 10}—Ground pin.
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National

Semiconductor

LV8570A Low Voltage Timer

General Description

The LV8570A is intended for use in microprocessor based
systems where information is required for multi-tasking, data
logging or general time of day/date information. This device
is implemented in low voltage silicon gate microCMOS tech-
nology to provide low standby power in battery back-up en-
vironments. The circuit's architecture is such that it looks
like a contiguous block of memory or 170 ports. The address
space is organized as 2 software selectable pages of 32
bytes. This includes the Control Registers, the Clock Coun-
ters, the Alarm Compare RAM, the Timers and their data
RAM, and the Time Save RAM. Any of the RAM locations
that are not being used for their intended purpose may be
used as general purpose CMOS RAM.

Time and date are maintained from 1/100 of a second to
year and leap year in a BCD format, 12 or 24 hour modes.
Day of week, day of month and day of year counters are
provided. Time is controlled by an on-chip crystal oscillator
requiring only the addition of the crystal and two capacitors.
The choice of crystal frequency is program selectable.

Two independent multifunction 10 MHz 16-bit timers are
provided. These timers operate in four modes. Each has its
own prescaler and can select any of 8 possible clock inputs.
Thus, by programming the input clocks and the timer coun-
ter values a very wide range of timing durations can be
achieved. The range is from about 400 ns (4.915 MHz oscil-
lator) to 65,535 seconds (18 hrs., 12 min.).

Power failure logic and control functions have been integrat-
. ed on chip. This logic is used by the TCP to issue a power fail

PRELIMINARY

Clock Peripheral (TCP)

interrupt, and lock out the pp interface. The time power fails
may be logged into RAM automatically when Vgg > Vge.
Additionally, two supply pins are provided. When Vgg >
Ve, internal circuitry will automatically switch from the main
supply to the battery supply. Status bits are provided to indi-
cate initial application of battery power, system power, and
low battery detect. (Continued)

Features
m 3.3V 1£5% Supply
m Full function real time clock/calendar
— 12/24 hour mode timekeeping
— Day of week and day of years counters
— Four selectable oscillator frequencies
— Parallel Resonant Oscillator
m Two 16-bit timers
— 10 MHz external clock frequency
— Programmable multi-function output
— Flexible re-trigger facilities
m Power fail features
— Internal power supply switch to external battery
— Power Supply Bus glitch protection
— Automatic log of time into RAM at power failure
m On-chip interrupt structure
— Periodic, alarm, timer and power fail interrupts
m Up to 44 bytes of CMOS RAM
® INTR/MFO pins programmable High/Low and push-pull
or open drain

Block Diagram
0sc 0sC
TCK GO/1 T1 out in
A
PFAIL
Prescalor
Vgg ~—p]  Power b V4
Supply v v
— Switch
Vee Logic Two
Real Time ) Multi-mode Power

cs Clock Counters + Fail

= —_— | Timers Logio

WR ey

RD =——p| KP A

Bus
- Logi A
Do 7<:> ogic nternal Data Bus ]
N
A0-4<::> iL @ l@ ¥ J_ @ ﬁ
Alarm Compare Interrupt Control CMOS
and Time Save Logic Registers RAM
RAM
MFO
INTR TL/F/11415-1
FIGURE 1
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LV8570A

Absolute Maximum Ratings (Notes 1&2) Operation Conditions .
If Military/Aerospace specified devices are required, : Min Max . . Unit

please contact the National Semiconductor Sales Supply Voltage (Vcc) (Note 3) 3.2 3.6 \
Office/Distributors for availabllity and specifications. Supply Voltage (Vgg) (Note 3) 22 Vgg—04 'V
Supply Voltage (Vcg) ‘ —0.5Vto +7.0V DC Input or Output Voltage 0.0 v v
DC Input Voltage (Vin) —0.5Vto Vg +0.5V Vin VouT) < .. vee

DC Output Voltage (Vour) —0.5Vto Vg + 0.5V Operation Temperature (Ta) —40 +85 °C
Storage Temperature Range —-65°C to +150°C Electr-Static Discharge Rating TBD 1 KV
Power Dissipation (PD) 500 mW Typical Values : o
"Lead Temperature (Soldering, 10 sec.) 654 DIP Board = 45°C/W

DC Electrical Characteristics

260°C
' 644 PLCC

Veec = 3.8V +5%, Vgg = TBD, VpFAIL > V|4, CL = 100 pF (unless otherwise specified)

Socket = 50°C/W
Board = 77°C/W
Socket = 85°C/W

Symbol Parameter Conditions - Min Max Units
ViH High Level Input Voltage Any Inputs Except OSC IN, 20 Vee + 0.3 \
(Note 4) OSC IN with External Clock Vgg — 0.1 \'
Vi Low Level Input Voltage All Inputs Except OSC IN -0.3 v
: OSC IN with External Clock —-0.3 0.1 \
VoH High Level Output Voltage loyt = —100 pA Ve — 0.2 v
(Excluding OSC OUT) louT = —2mA 2.4 \
VoL Low Level Output Voltage lout = 100 pA 0.2 \'
(Excluding OSC OUT) lour = 2mA 0.3 \')
IIN Input Current (Except OSC IN) VIN = Voo or GND +1.0 pA
loz Output TRI-STATE® Current Vout = Veg or GND pA
ILkG Output High Leakage Current Vout = Vcgor GND A
T1, MFO, INTR Pins Outputs Open Drain B
Ilcc Quiescent Supply Current Fosc = 32.768 kHz
(Note 7) VIN = Vg or GND (Note 5) pA
ViN = Ve or GND (Note 6) mA
Vin = Vi or V| (Note 6) mA
Fosc = 4.194304 MHz or
4.9152 MHz
Vin = Vgc or GND (Note 6) - mA
Vin = Vg or Vi (Note 6) mA
lcc Quiescent Supply Current Vgg = GND
(Single Supply Mode) ViN = Veg or GND
(Note 7) Fosc = 32.768 kHz pA
Fosc = 4.9152 MHz or mA
4.194304 MHz
Iss Standby Mode Battery Vec = GND
Supply Current OSC OUT = Open Circuit,
(Note 8) Other Pins = GND
Fosc = 32.768 kHz rA
Fosc = 4.9152 MHz or pA
4.194304 MHz
IBLK Battery Supply Leakage 2.2V <Vgg < .
Other Pins at GND
Vee = GND, Vgg = pA
Voe = Vg = 2.2V | pA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.
Note 2: Unless otherwise specified all voltages are referenced to ground.
Note 3: For Fogc = 4.194304 or 4.9152 MHz, Vgg minimum = 2.8V. In battery backed mode, Vgg < Vcc —0.4V.

Single Supply Mode: Data retention voltage is 2.2V min,

In single Supply Mode (Power connected to Vgg pin) 3.2V < Vg < 3.6V,
Note 4: This parameter (V) is not tested on all pins at the same time.
Note 5: This specification tests Igg with all power fail circuitry disabled, by setting D7 of Interrupt Control Register 1 to 0.
Note 6: This specification tests Icc with all power fail circuitry enabled, by setting D7 of Interrupt Control Register 1 to 1.
Note 7: This specification is tested with both the timers and OSC IN driven by a signal generator. Contents of the Test Register = 00(H), the MFO pin is not
configured as buffered oscillator out and MFO, T1, INTR, are configured as open drain.

Note 8: This specification is tested with both the timers off, and only OSC IN is driven by a signat generator. Contents of the Test Register = 00(H) and the MFO
pin is not configured as butfered oscillator out.
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AC Electrical Characteristics

Vece = 3.3V £5%, Vgg = TBD, VpgATL > ViH, CL = 100 pF (unless otherwise specified)

Symbol I Parameter | Min Max Units
READ TIMING
tAR Address Valid Prior to Read Strobe ns
tRw Read Strobe Width (Note 9) ns
tcp Chip Select to Data Valid Time ns
tRAH Address Hold after Read (Note 10) ns
tRD Read Strobe to Valid Data ns
tpz Read or Chip Select to TRI-STATE ns
tRCH Chip Select Hold after Read Strobe ns
tos Minimum Inactive Time between Read or Write Accesses ns
WRITE TIMING
taw Address Valid before Write Strobe ns
twAH Address Hold after Write Strobe (Note 10) ns
tow Chip Select to End of Write Strobe ns
tww Write Strobe Width (Note 11) ns
tow Data Valid to End of Write Strobe ns
twDH Data Hold after Write Strobe (Note 10) ns
tweH Chip Select Hold after Write Strobe ns
TIMER 0/TIMER 1 TIMING
Frek Input Frequency Range DC MHz
tok Propagation Delay Clock to Output 1 ns
tco Pro;?agation Delay GO to G1 ns
to Timer Output (Note 12) _»—
tpgw Pulse Width GO or G1 'L (Note 12) ns
tas Setup Time, GO, G1 to TCK (Note 13) ns
INTERRUPT TIMING
tROLL Clock Rollover to INTR Out is Typically

Note 9: Read Strobe width as used in the read timing table is defined as the period when both chip select and read inputs are low. Hence read commences when

both signals are low and terminates when either signal returns high.

Note 10: Hold time is guaranteed by design but not production tested. This limit is not used to calculate outgoing quality levels.

Note 11: Write Strobe width as used in the write timing table is defined as the period when both chip select and write inputs are low. Hence write commences when

both signals are low and terminates when either signal returns high.
Note 12: Timers in Mode 3.
Note 13: Guaranteed by design, not production tested. This limit is not used to calculate outgoing quality levels.

AC Test Conditions
Input Pulse Levels GND to 3.0V
Input Rise and Fall Times 6 ns (10%-90%)
Input and Output
1.3V
Reference Levels Vee
TRI-STATE Reference Active High + '
Levels (Note 15) Active Low —
Note 14: C|_ = 100 pF, includes jig and scope capacitance.
Note 15: S1 = V(g for active fow to high impedance measurements. . Device
S1 = GND for active high to high impedance measurements. Input O——r" Under
S1 = open for all other timing measurements. Test

Capacitance (1 = 25°C, f = 1 MHz)

Parameter :
Symbol (Note 16) Typ Units
CiN Input Capacitance 5 pF
Cout Output Capacitance 7 pF

Note 16: This parameter is not 100% tested.
Note 17: Output rise and fall times 25 ns max (10%-90%) with 100 pF load.

Sy (Note 15)
(o}

0@

R =1K 0
Output

Q
g (Note 14)

TL/F/11415-2
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LV8570A

Timing Waveforms

Read Timing Dlagram

{R f— tDS
RD W 4
\ / l
| ‘RD -
DATA Valid Data %‘—-
s ‘DZ TL/F/11415-3
Write Timing Dlagram
AD-4 \
X X
I tew Yweu
. —H
1

taw byw Ywan
WR l
/ [~ ts

tow twon

DATA Velid Data

TL/F/11415-4

3-6




General Description (continued)

The LV8570A’s interrupt structure provides four basic types
of interrupts: Periodic, Alarm/Compare, Timer, and Power
Fail. Interrupt mask and status registers enable the masking
and easy determination of each interrupt.

One dedicated general purpose interrupt output is provided.
A second interrupt output is available on the Multiple Func-
tion Output (MFO) pin. Each of these may be selected to
generate an interrupt from any source. Additionally, the
MFO pin may be programmed to be elther as oscillator out-
put or Timer 0’s output.

Pin Description

CS, RD, WR (Inputs): These pins interface to uP control
lines. The CS pin is an active low enable for the read and
write operations. Read and Write pins are also active low
and enable reading or writing to the TCP. All three pins are
disabled when power failure is detected. However, if a read
or write is in progress at this time, it will be allowed to com-
plete its cycle.

A0-A4 (Inputs): These 5 pins are for register selection.
They individually control which location is to be accessed.
These inputs are disabled when power failure is detected.
OSC IN (Input): OSC OUT (Output): These two pins are
used to connect the crystal to the internal parallel resonant
oscillator. The oscillator is always running when power is
applied to Vgg and V¢c, and the correct crystal select bits in
the Real Time Mode Register have been set.

MFO (Output): The multi-function output can be used as a
second interrupt output for interrupting the wP. This pin can
also provide an output for the oscillator or the internal Timer
0. The MFO output can be programmed active high or low,
open drain or push-pull. If in battery backed mode and a
pull-up resistor is attached, it should be connected to a volt-
age no greater than Vgg. This pin is configured open drain
during battery operation (Veg > Vce).

INTR (Output): The interrupt output is used to interrupt the
processor when a timing event or power fail has occurred
and the respective interrupt has been enabled. The INTR
output can be programmed active high or low, push-pult or
open drain. If in battery backed mode and a pull-up resistor
is attached, it should be connected to a voltage no greater
than Vgg. This pin is configured open drain during battery
operation (Vgg > Vce).

D0-D7 (Input/Output): These 8 bidirectional pins connect
to the host uP’s data bus and are used to read from and
write to the TCP. When the PFAIL pin goes low and a write
is not in progress, these pins are at TRI-STATE.

PFAIL (Input): In battery backed mode, this pin can have a
digital signal applied to it via some external power detection
logic. When PFAIL = logic 0 the TCP goes into a lockout
mode, in @ minimum of 30 ps or a maximum of 63 us unless
lockout delay is programmed. In the single power supply
mode, this pin is not useable as an input and should be tied
to V. Refer to section on Power Fail Functional Descrip-
tion.

Vgg (Battery Power Pin): This pin is connected to a back-
up power supply. This power supply is switched to the inter-
nal circuitry when the Vg becomes lower than Vgg. Utiliz-
ing this pin eliminates the need for external logic to switch in
and out the back-up power supply. If this feature is not to be
used then this pin must be tied to ground, the TCP pro-
grammed for single power supply only, and power applied to
the Ve pin.

TCK, G1, GO, (Inputs), T1 (Output): TCK is the clock input
to both timers when they have an external clock selected. In
modes 0, 1, and 2, GO and G1 are active low enable inputs
for timers 0 and 1 respectively. In mode 3, GO and G1 are
positive edge triggers to the timers. T1 is dedicated to the
timer 1 output. The T1 output can be programmed active
high or low, push-pull or open drain. Timer 0 output is avail-
able through MFO pin if desired. If in battery backed mode
and a pull-up resistor is attached to T1, it should be con-
nected to a voltage no greater than Vgg. The T1 pin is con-
figured open drain during battery operation (Vgg > Vo).

Vce: This is the main system power pin.

GND: This is the common ground power pin for both VBB
and Ve,

Connection Diagrams

Dual-In-Line
_ \/
cs—{1 : 28=Vee
RD—] 2 27 | PFAIL
WR—{3 26 f—TCK
A0—] 4 25f—D7
A1—5. 24]—D6
A2—{6 231—D5
A3—7 22|—D4
A4—8 21p=D3
G1—{9 20—D2
=10 19f~D1
Vgg—] 11 18—D0
osc IN—{12 17 —=INTR
0SC OUT —413 16 |=MFO
GND—] 14 154=G0
TL/F/11415-5
Top View
- Order Number LV8570AN
See NS Package Number N28B
Plastic Chip Carrier
o
2lzlels BIE B
O N T I I
4 3 2 1 28 27 26
A1—15 25f=07
A2—{6 24}=D6
A3=—7 23}=D5
Ad—{8 2204
61— 9 21f—03
T1=—110 20}—D2
Vgg—{ 11 ' 19f-D1
12.13 14 15 16 17 18
TTTTTT]
o33 °%5E°
3 g
o
TL/F/11415-6
Top View
Order Number LV8570AV

See NS Package Number V28A
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LV8570A

Functional Description

The LV8570A contains a fast access real time clock, two 10

MHz 16-bit timers, interrupt control logic, power fail detect
logic, and CMOS RAM. All functions of the TCP are con-
trolled by a set of nine registers. A simplified block diagram
that shows the major functional blocks is given in Figure 1.

The blocks are described in the following sections:
. 'Real Time Clock

. Oscillator Prescaler

. Interrupt Logic

.. Power Failure Logic

. Additional Supply Management

. Timers

O AWM =

Page Select=10

The memory map of the TCP is shown in the memory ad-
dressing table. The memory map consists of two 31 byte
pages with a'main status register that is common to both
pages. A control bit in the Main Status Register is used to
select either page. Figure 2 shows the basic  concept.
Page 0 contains all the clock timer functions, while page 1
has scratch pad RAM..The control registers are split into
two separate blocks to allow page 1 to be used entirely as
scratch pad RAM. Again a control bit in the Main Status
Register is used to select either control register block.

1F RAM/TEST Register Page Select=1
ME RAM 1F RAM
1D Months Time Save RAM e RAM .
1C | Day of Month Time Save RAM 1D RAM
1B Hours Time Save RAM 1C RAM
1A Minutes Time Save RAM 1B RAM
19 Seconds Time Save RAM 1A RAM
18| Day of Week Compare RAM 19 RAM
17 Months Compare RAM 18 RAM
16| Day of Month Compare RAM 17 RAM
15 Hours Compare RAM 16 RAM
14 Minutes Compare RAM 15 - RAM
13 Seconds Compare RAM 14 RAM
12 Timer 1 MSB 13 RAM
11 Timer 1 LSB 12 RAM
10 Timer 0 MSB 11 RAM
oF Timer 0 LSB 10 RAM
0E] Day of Week Clock Counter oF RAM
ob] 100's Julian Clock Counter oF - RAM
oc Units Julian Clock Counter oD RAM
0B Years Clock Counter oc RAM
0A Months Clock Counter 08 RAM
09] Day of Month Clock Counter 0A RAM
08 Hours Clock Counter 09 RAM
07 Minutes Clock Counter 08 RAM
" 06 Seconds Clock Counter 07 RAM
.05 V100 Second Counter 06 . RAM
o5 - RAM
/ \ 04 -~ RAM
_ Register Select=0 Register Select =1 03 RAM
Interrupt Routing Register| 04 Interrupt Control Register 1 02 RAM
Periodic Flag Register 03 | Interrupt Control Register 0 01 RAM

Timer 1 Control Register | 02

Qutput Mode Register

Timer 0 Control Register | ~ 01

Real Time Mode Register

—

—i

00| Main Status Register |

TUF/11415-7

FIGURE 2. LV8570A Internal Memory Map
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Functional Description (continued)
INITIAL POWER-ON of BOTH Vgg and V¢c

Vgg and Vg may be applied in any sequence. In order for
the power fail circuitry to function correctly, whenever power
is off, the Voo pin must see a path to ground through a
maximum of 1 MQ. The user should be aware that the con-
trol registers will contain random data. The first task to be
carried out in an initialization routine is to start the oscillator
by writing to the crystal select bits in the Real Time Mode
Register. If the LV8570A is configured for single supply
mode, an extra 50 pA may be consumed until the crystal
select bits are programmed. The user should also ensure
that the TCP is not in test mode (see register descriptions).

REAL TIME CLOCK FUNCTIONAL DESCRIPTION

As shown in Figure 2, the clock has 10 bytes of counters,
which count from 1/100 of a second to years. Each counter
counts in BCD and is synchronously clocked. The count se-
quence of the individual byte counters within the clock is
shown later in Table VII. Note that the day of week, day of
-month, day of year, and month counters all roll over to 1.
The hours counter in 12 hour mode rolls over to 1 and the
AM/PM bit toggles when the hours rolls over to 12
(AM = 0, PM = 1). The AM/PM bit is bit D7 in the hours
counter. .
All other counters roll over to 0. Also note that the day of
year counter is 12 bits long and occupies two addresses.
Upon initial application of power the counters will contain
random information.

READING THE CLOCK: VALIDATED READ

Since clocking of the counter occurs asynchronously to
reading of the counter, it is possible to read the counter
while it is being incremented (rollover). This may result in an
incorrect time reading. Thus to ensure a correct reading of
the entire contents of the clock (or that part of interest), it
must be read without a clock rollover occurring. In general
this can be done by checking a rollover bit. On this chip the
periodic interrupt status bits can serve this function. The
following program steps can be used to accomplish this. -
1. Initialize program for reading clock.

2. Dummy read of periodic status bit to clear it.

3. Read counter bytes and store.

4. Read rollover bit, and test it.

5. If rollover occured go to 3.

6. If no rollover, done.

To detect the rollover, individual periodic status bits can be
polled. The periodic bit chosen should be equal to the high-
est frequency counter register to be read. That is if only
SECONDS through HOURS counters are read, then the
SECONDS periodic bit should be used.

READING THE CLOCK: INTERRUPT DRIVEN

Enabling the periodic interrupt mask bits cause interrupts
just as the clock rolls over. Enabling the desired update rate
and providing an interrupt service routine that executes in
less than 10 ms enables clock reading without checking for
a rollover.

READING THE CLOCK: LATCHED READ

Another method to read the clock that does not require
checking the rollover bit is to write a one into the Time

Save Enable bit (D7) of the Interrupt Routing Register, and
then to write a zero, Writing a one into this bit will enable the
clock contents to be duplicated in the Time Save RAM.
Changing the bit from a one to a zero will freeze and store
the contents of the clock in Time Save RAM. The time then
can be read without concern for clock rollover, since inter-
nal logic takes care of synchronization of the clock. Be-
cause only the bits used by the clock counters will be
latched, the Time Save RAM should be cleared prior to use
to ensure that random data stored in the unused bits do not
confuse the host microprocessor. This bit can also provide
time save at power failure, see the Additional Supply Man-
agement Functions section. With the Time Save Enable bit
at a logical 0, the Time Save RAM may be used as RAM if
the latched read function is not necessary.

INITIALIZING AND WRITING TO THE
CALENDAR-CLOCK '

Upon initial application of power to the TCP or when making
time corrections, the time must be written into the clock. To
correctly write the time to the counters, the clock would
normally be stopped by writing the Start/Stop bit in the Real
Time Mode Register to a zero. This stops the clock from
counting and disables the carry circuitry. When initializing
the clock’s Real Time Mode Register, it is recommended
that first the various mode bits be written while maintaining
the Start/Stop bit reset, and then writing to the register a
second time with the Start/Stop bit set.

The above method is useful when the entire clock is being
corrected. If one location is being updated the clock need
not be stopped since this will reset the prescaler, and time
will be lost. An ideal example of this is correcting the hours
for daylight savings time. To write to the clock “on the fly”
the best method is to wait for the 1/100 of a second period-
ic interrupt. Then wait an additional 16 ps, and then write
the data to the clock.

PRESCALER/OSCILLATOR FUNCTIONAL
DESCRIPTION

Feeding the counter chain is a programmable prescaler
which divides the crystal oscillator frequency to 32 kHz and
further to 100 Hz for the counter chain (see Figure 3). The
crystal frequency that can be selected are: 32 kHz, 32.768
kHz, 4.9152 MHz, and 4.194304 MHz.

Once 32 kHz is generated it feeds both timers and the
clock. The clock and timer prescalers can be independently
enabled by controlling the timer or clock Start/Stop bits.

" To Real Time Counters I

From To Timers

Oscillator

> 4.194/4.915 MKz

Prescaler divide
by
-~

Frequency i A
Select
¥ ¥ v
o > Pulse
MUX R

MUX

Subtractor

N 32.000 kHz

o . TL/F/11415-8
FIGURE 3. Programmable Clock Prescaler Block
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LV8570A

Functional Description (continued)

The oscillator is programmed via the Real Time Mode Reg-
ister to operate at various frequencies. The crystal oscillator
is designed to offer optimum performance at each frequen-
cy. Thus, at 32.768 kHz the oscillator is configured as a low
frequency and low power oscillator. At the higher frequen-
cies the oscillator inverter is reconfigured. In addition to the
inverter, the oscillator feedback bias resistor is included on
chip, as shown in Figure 4. The oscillator input may be driv-
en from an external source if desired. Refer.to test mode
application note for details. The oscillator stability is en-
hanced through the use of an on chlp regutated power sup-
ply.

The typical range of trimmer capacnor (as shown in Oscilla-
tor Circuit Diagram Figure 4, and in the typical application) at
the oscillator input pin is suggested only to allow accurate
tuning of the oscillator. This range is based on a typical
printed circuit board layout and may have to be changed
depending on the parasitic capacitance of the printed circuit
board or fixture being used. In all cases, the load capaci-
tance specified by the crystal manufacturer (nominal value
11 pF for the 32.768 crystal) is what determines proper os-
cillation. This load capcitance is the series combination of
capacitance on each side of the crystal (with respect to
ground). ‘

Internal Components

Single Supply Mode Or .
Ve > Vec

v Battery
BB Backed , .
Stabilized
Oscillator
Supply -

To
Prescaler

OSPC IN : 0SC oUT
in Pin
—

5 XTAL
] L %

External
Components
: TL/F/11415-9
FIGURE 4. Oscillator Circuit Diagram

Rour
(Switched Internally)
32/32.768 kHz| 47 pF| 2 pF-22 pF {150 kQ to 350 kQ

4.194304 MHz | 68 pF| 0 pF-80 pF {5008 to 9000
49152 MHz |68 pF|29 pF-49 pF|5008 to 9000

XTAL | GCo | . &

INTERRUPT LOGIC FUNCTIONAL DESCRIPTION

The TCP has the ability to coordinate processor timing ac-
tivities. To enhance this, an interrupt structure has been im-
plemented which enables several types of events'to cause
interrupts. Interrupts are controlled via two Control Regis-
ters in block 1 and two Status Registers in block 0. (See
Register Description for notes on paging and also Figure 5
and Table 1.)

The interrupts are enabled by writing a one to the appropri-
ate bits in Interrupt Control Register 0. and/or 1..Any of the
interrupts can be routed to either-the. INTR pin or the MFO
pin, depending on how the Interrupt Routing register is pro-
grammed. This, for example, enables the user to dedicate
the MFO as a non-maskable interrupt pin to the CPU for
power failure detection and.enable all other interrupts to
appear on the INTR pin. The polarity for the active interrupt
can be programmed in the Output Mode Hegnster for either
active high or low, and open drain or push pull outputs

TABLE L R.egistérs that are Applicable
to Interrupt Control ~

" ' Register | Page | .
Register Name ‘ Select Select Addres;
Main Status Register X X 1 00H
' Periodic Flag Register |-~ 0 .0 03H
InterruPt Routing 0 01. : 04l
Register ) _
Interrupt Control’ e ‘ -
Register 0 - ! 0. OQH
InterruPt Control 1 0 04H
Register 1 ) o .
Output Mode 1 0 02H
Register . Lo

The Interrupt Status Flag DO, in the Main Status ‘Register,
indicates the state of INTR and MFO outputs. It is set when
either output becomes active and is cleared when all TCP
interrupts have been cleared and no further interrupts are
pending (i.., both INTR and MFO are returned to their inac-
tive state). This flag enables the TCP to be.rapidly polled by
the pP to determine the source of an interrupt in a wired—
OR interrupt system. .

Note that the Interrupt Status Flag wnII only monitor the state
of the.MFO output if it has been configured as an interrupt
output (see Output Mode.Register description). This is true,
regardless of the state of the Interrupt Routing. Register.
Thus the Interrupt Status Flag prowdes a true reflection of
all conditions routed to the external pins.

Status for the interrupts are provided by the Main Status
Register and the Periodic Flag Register. Bits D1-D5 of the
Main Status Register are the main interrupt bits.

These register bits will be set when their associated timing
events .occur. Enabled Alarm or Timer interrupts that occur
will set its Main Status Register bit to a one. However, an
external mterrupt will only be generated if the appropnate
Alarm or Timer interrupt enable bits are set (see Figure 5)

Disabling the periodic bits will mask the Main Status Regis-
ter periodic bit, but not the Periodic Flag Register bits. The
Power Fail Interrupt bit is set when the interrupt is enabled
and a power fail event has occurred, and is not reset until
the power is restored. If all interrupt enable bits are 0 no
interrupt will be asserted. However, status still can be read
from the Main Status Register in a polled fashion (see F/g-
ure 5).

To clear a flag in bits D2-D5 of the Main Status Register a1
must be written back into the bit location that is to be
cleared. For the Periodic Flag Reglster reading the status
will reset all the periodic flags.
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Functional Description (continued)
Interrupts Fall Into Four Categories:
1. The Timer Interrupts: For description see Timer Section.

2. The Alarm Compare Interrupt: Issued when the value in
the time compared RAM equals the counter.

3. The Periodic Interrupts: These are issued at every incre-
ment of the specific clock counter signal. Thus, an inter-
rupt is issued every minute, second, etc. Each of these
interrupts occurs at the roll-over of the specific counter.

4. The Power Fail Interrupt: Issued upon recognition of a
power fail condition by the internal sensing logic. The
power failed condition is determined by the signal on the
PFAIL pin. The internal power fail signal is gated with the
chip select signal to ensure that the power fail interrupt
does not lock the chip out during a read or write.

ALARM COMPARE INTERRUPT DESCRIPTON

The alarm/time comparison interrupt is a special interrupt
similar to an alarm clock wake up buzzer. This interrupt is
generated when the clock time is equal to a value pro-
grammed into the alarm compare registers. Up to six bytes
can be enabled to perform alarm time comparisons on the
counter chain. These six bytes, or some subset thereof,
would be loaded with the future time at which the interrupt
will occur. Next, the appropriate bits in the Interrupt Control
Register 1 are enabled or disabled (refer to detailed descrip-
tion of Interrupt Control Register 1). The TCP then com-
pares these bytes with the clock time. When all the enabled
compare registers equal the clock time an alarm interrupt is
issued, but only if the alarm compare interrupt is enabled
can the interrupt be generated externally. Each alarm com-
pare bit in the Control Register will enable a specific byte for
comparison to the clock. Disabling a compare byte is the
same as setting its associated counter comparator to an
“always equal” state. For example, to generate an interrupt
at 3:15 AM of every day, load the hours compare with 0 3
(BCD), the minutes compare with 1 5 (BCD) and the faster
counters with 0 0 (BCD), and then disable all other compare
registers. So every day when the time rolls over from
3:14:59.99, an interrupt is issued. This bit may be reset by
writing a one to bit D3 in the Main Status Register at any
time after the alarm has been generated.

If time comparison for an individual byte counter is disabled,
that corresponding RAM location can then be used as gen-
eral purpose storage.

PERIODIC INTERRUPTS DESCRIPTION

The Periodic Flag Register contains six flags which are set
by real-time generated ‘“‘ticks” at various time intervals, see
Figure 5. These flags constantly sense the periodic signals
and may be used whether or not interrupts are enabled.
These flags are cleared by any read or write operation per-
formed on this register.

To generate periodic interrupts at the desired rate, the asso-
ciated Periodic Interrupt Enable bit in Interrupt Control Reg-
ister 0 must be set. Any combination of periodic interrupts
may be enabled to operate simultaneously. Enabled period-
ic interrupts will now affect the Periodic Interrupt Flag in the
Main Status Register. The Periodic Route bit in the Interrupt
Routing Register is used to route the periodic interrupt
events to either the INTR output or the MFO output.

When a periodic event occurs, the Periodic Interrupt Flag in
the Main Status Register is set, causing an interrupt to be
generated. The uP clears both flag and interrupt by writing a
“1" to the Periodic Interrupt Flag. The individual flags in the
periodic Interrupt Flag Register do not require clearing to
cancel the interrupt.

If all periodic interrupts are disabled and a periodic interrupt
is left pending (i.e., the Periodic Interrupt Flag is still set), the
Periodic Interrupt Flag will still be required to be cleared to
cancel the pending interrupt.

POWER FAIL INTERRUPTS DESCRIPTION

The Power Fail Status Flag in the Main Status Register
monitors the state of the internal power fail signal. This flag
may be interrogated by the pP, but it cannot be cleared; it is
cleared automatically by the TCP when system power is
restored. To generate an interrupt when the power fails, the
Power Fail Interrupt Enable bit in Interrupt Control Register
1 is set.

The Power Fail Route bit determines which output the inter-
rupt will appear on. Although this interrupt may not be
cleared, it may be masked by clearing the Power Fail Inter-
rupt Enable bit.

POWER FAILURE CIRCUITRY FUNCTIONAL
DESCRIPTION

Since the clock must be operated from a battery when the
main system supply has been turned off, the LV8570A pro-
vides circuitry to simplify design in battery backed systems.
This circuitry switches over to the back up supply, and iso-
lates the LV8570A from the host system. Figure 6 shows a
simplified block diagram of this circuitry, which consists of
three major sections; 1) power loss logic: 2) battery switch
over logic: and 3) isolation logic.

Detection of power loss occurs when PFAIL is low. De-
bounce logic provides a 30 us-63 us debounce time, which
will prevent noise on the PFAIL pin from being interpreted
as a system failure. After 30 us-63 us the debounce logic
times out and a signal is generated indicating that system
power is marginal and is failing. The Power Fail Interrupt will
then be generated.

3-11
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Functional Description (continued)

Battery Switchover

Ves —1'-——°Cl rc:B/t 01 v+

O 0—

Power 480 us 7'y
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and 4_/__
Delay Control AO:A4
Enable Buffers

TL/F/11416-11

FIGURE 6. System-Battery Switchover (Upper Left), Power Fail
and Lock-Out Circuits (Lower Right)

The user may choose to have this power failed signal lock-
out the TCP's data bus within 30 pus min/63 us max or to
delay the lock-out to enable uP access after power failure is
detected. This delay is enabled by setting the delay enable
bit in the Routing Register. Also, if the lock-out delay was
not enabled the TCP will disconnect itself from the bus with-
in 30 us min — 63 us max. If chip select is low when a
power failure is detected, a safety circuit will ensure that if a
read or write is held active continuously for greater than
30 us after the power fail signal is asserted, the lock-out will
be forced. If a lock-out delay is enabled, the LV8570A will
remain active for 480 ps after power fail is detected. This
will enable the P to perform last minute bookkeeping be-
fore total system collapse. When the host CPU is finished
accessing the TCP it may force the bus lock-out before
480 ps has elapsed by resetting the delay enable bit.

The battery switch over circuitry is completely independent
of the PFAIL pin. A separate circuit compares Vcg to the
Vpg voltage. As the main supply fails, the TCP will continue
to operate from the Vg pin until Vg falls below the Vgg
voltage. At this time, the battery supply is switched in, Vgg is
disconnected, and the device is now in the standby mode. If
indeterminate operation of the battery switch over circuit is
to be avoided, then the voltage at the Vg pin must not be
allowed to equal the voltage at the Vg pin.

After the generation of a lock-out signal, and eventual
switch in of the battery supply, the pins of the TCP will be
configured as shown in Table II. Outputs that have a pull-up
resistor should be connected to a voltage no greater than
Ves.

TABLE II. Pin Isolation during a Power Failure

Pin PFAIL = Standby Mode
Logic0 Ves > Vce

CS,RD, WR Locked Out Locked Out
AO-A4 Locked Out Locked Out
Do-D7 Locked Out Locked Out
Oscillator Not Isolated Not Isolated
TCK, GO, G1 Not Isolated Locked Out
PFAIL Not Isolated Not Isolated
INTI:: 1MFO Not Isolated Open Drain

The Timer and Interrupt Power Fail Operation bits in the
Real-Time Mode Register determine whether or not the tim-
ers and interrupts will continue to function after a power fail
event.

As power returns to the system, the battery switch over cir-
cuit will switch back to Vg power as soon as it becomes
greater than the battery voltage. The chip will remain in the
locked out state as long as PFAIL = 0. When PFAIL = 1

V0.58A1




LV8570A

Functional Description (continued)

the chip is unlocked, but only after another 30 us min —
63 us max debounce time. The system designer must en-
sure that his system is stable when power has returned.

The power fail circuitry contains active linear circuitry that
draws supply current from Vgg. In some cases this may be
undesirable, so this circuit can be disabled by masking the
power fail interrupt. The power fail input can perform all
lock-out functions previously mentioned, except that no ex-
ternal interrupt will be issued. Note that the linear power fail
circuitry is switched off automatically when using Vgg in
standby mode.

LOW BATTERY, INITIAL POWER ON DETECT, AND
POWER FAIL TIME SAVE

There are three other functions provided on the LV8570A to
ease power supply control. These are an initial Power On
detect circuit, which also can be used as a time keeping
failure detect, a low battery detect circuit, and a time save
on power failure.

On initial power up the Oscillator Fail Flag will be set to a
one and the real time clock start bit reset to a zero. This
indicates that an oscillator fail event has occurred, and time
keeping has failed. '

The Oscillator Fail flag will not be reset until the real-time
clock is started. This allows the system to discriminate be-
tween an initial power-up and recovery from a power failure.
If the battery backed mode is selected, then bit D6 of the
Periodic Flag Register must be written low. This will not af-
fect the contents of the Oscillator Fail Flag. '

Another status bit is the low battery detect. This bit is set
only when the clock is operating under the Vgc pin, and
when the battery voltage is determined to be less than 2.1V
(typical). When the power fail interrupt enable bit is low, it
disables the power fail circuit and will also shut off the low
battery voltage detection circuit as well.

To relieve CPU overhead for saving time upon power failure,
the Time Save Enable bit is provided to do this automatical-
ly. (See also Reading the Clock: Latched Read.) The Time
Save Enable bit, when set, causes the Time Save RAM to
follow the contents of the clock. This bit can be reset by
software, but if set before a power failure occurs, it will auto-
matically be reset when the clock switches to the battery
supply (not when a power failure is detected by the PFAIL
pin). Thus, writing a one to the Time Save bit enables both a
software write or power fail write.

SINGLE POWER SUPPLY APPLICATIONS

The LV8570A can be used in a single power supply applica-
tion. To achieve this, the Vgg pin must be connected to
ground, and the power connected to Vg and PFAIL pins.
The Oscillator Failed/Single Supply bit in the Periodic Flag
Register should be set to a logic 1, which will disable the
oscillator battery reference circuit. The power fail interrupt
should also be disabled. This will turn off the linear power
fail detection circuits, and will eliminate any quiescent power
drawn through these circuits. Until the crystal select bits are
initialized, the LV8570A may consume about 50 A due to
arbitrary oscillator selection at power on.

(This extra 50 pA is not consumed if the battery backed
mode is selected).

TIMER FUNCTIONAL DESCRIPTION

The LV8570A contains 2 independent multi-mode timers.
Each timer is composed of a 16-bit negative edge triggered
binary down counter and associated control. The operation
is similar to existing uP peripheral timers except that several

" features have been enhanced. The timers can operate in

four modes, and in addition, the input clock frequency can
be selected from a prescaler over a wide range of frequen-
cies. Furthermore, these timers are capable of generating
interrupts as well as hardware output signals, and both the
interrupt and timer outputs are fully programmable active
high, or low, open drain, or push-pull.

Figure 7 shows the functional block diagram of one of the
timers. The timer consists of a 16-bit counter, two 8-bit input
registers, two 8-bit output registers, clock prescaler, mode
control logic, and output control logic. The timer and the
data registers are organized as two bytes for each timer.
Under normal operations a read/write to the timer locations
will read or write to the data input register. The timer con-
tents can be read by setting the counter Read bit (RD) in the
timer control register.

TIMER INITIALIZATION

The timer’s operation is controlled by a set of registers, as
listed in Table Ill. These consist of 2 data input registers and
one control register per timer. The data input registers con-
tain the timers count down value. The Timer Control Regis-
ter is used to 'set up the mode of operation and the input
clock rate. The timer related interrupts can be controlled by
programming the Interrupt Routing Register and Interrupt
Control Register 0. The timer outputs are configured by the
Output Mode Register.

TABLE lll. Timer Associated Registers

Register | Page’

Register Name Select | Select Address
Timer 0 Data MSB X 0 10H
Timer 0 Data LSB X 0 OFH
Timer 0 Control Register 0 0 01H
Timer 1 Data MSB X 0 12H
Timer 1 Data LSB X 0 11H
Timer 1 Control Register 0 0 02H
Interrupt Routing Register 0 0 04H
Interrupt Control Reg. 0 1 0 03H
Output Mode Register 1 0 02H -

All these registers must be initialized prior to starting the
timer(s). The Timer Control Register should first be set to
select the timer mode with the timer start/stop bit reset.
Then when the timer is to be started the control register
should be rewritten identically but with the start/stop bit set.

TIMER OPERATION

Each timer is capable of operation in one of four modes. As
mentioned, these modes are programmed in each timer's
Control Register which is described later. All four modes
operate in a similar manner. They operate on the two 8-bit
data words stored into the Data Input Register. At the begin-
ning of a counting cycle the 2 bytes are loaded into the timer
and the timer commences counting down towards zero. The
exact action taken when zero is reached depends on the
mode selected, but in general, the timer output will change
state, and an interrupt will be generated if the timer inter-
rupts are unmasked.
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Functional Description (continued)

INPUT CLOCK SELECTION

The mput frequency to the timers may be selected. Each
timer has a prescaler that gives a wide selection of clocking
rates. In' addition, the LV8570A has a smgle external clock
input pin that can be selected for either of the timers. Table
IV shows the range of programmable clocks available and
the corresponding setting in the Timer Control Register.

" TABLE IV. Programmable Timer Input Clocks

c2 4 .C1 Co - Selected Clock
0 0 0 External

0 0 1 Crystal Oscillator

0 1 0 (Crystal Oscillator)/4
0 1 1 93.5 us (10.7 kHz)

1 0 0 © 1ms(1kHz)

1 0 1 10 ms (100 Hz)

1 1 0 1/10 Second (10 Hz)
1 1 1 1 Second (1 H2)

Note that the second and third selections are not fixed fre-
quencies, but depend on the crystal oscillator frequency
chosen.

Since the input clock frequenmes are usually running asyn-
chronously to the timer Start/Stop control bit, a 1 clock cy-
cle error may result. This error results when the Start/Stop
occurs just after the clock edge (max error). To minimize
this error on all clocks an independent prescaler is used for
each timer and is designed so that its Start/Stop error is
less than 1 clock cycle.

The count hold/gate bit in the Timer Control Register and
the external enable pins, GO/G1, can be used to suspend
the timer operation in modes 0, 1, and 2 (in mode 3 it is the
trigger input). The external pin and the register bit are OR’ed

Internal Data Bus

together, so that when either is high the timers are suspend-
ed. Suspending the timer causes the same synchronization
error that starting the timer does. The range of errors is
specified in Table V.

TABLE V. Maximum Synchronization Errors

Clock Selected Error
External + Ext. Clock Period
Crystal ' + 1 Crystal Clock Period
Crystal/4 +1 Crystal Clock Period
10.7 kHz +32ps
1kHz +32 us
100 Hz +32ps
10 Hz . +32 us
1Hz +32 us

MODES OF OPERATION

Bits MO and M1'in the Timer Control Registers are used to
specify the modes of operahon The mode selection is de-
scribed in Table VI.

TABLE VI. Programmable Timer Modes of Operation

M1 Mo Function Modes
0 0 Single Pulse Generator Mode 0
0 1 Rate Generator, Pulse Output Mode 1
1 0 Square Wave Output Mode 2
1 1 Retriggerable One Shot Mode 3

MODE 0: SINGLE PULSE GENERATOR

When the timer is in this mode the output will be initially low
if the Timer Start/Stop bit is low (stopped). When this mode
is initiated the timer output will go high on the next falling
edge of the prescaler's input clock, the contents

3 3

Input Input

'y

T 1

OQutput Output

Register Register
MSB LSB

Aelress ‘ ) & Address
Bus

h 4

Register Register
MSB LsB
Address
Bus

I Timer Load Logic . I , I Timer Read Latch J
-~ -~
Load I 4 Latch
Clock
16-Bit Counter
f—— 32 kHz
‘ [— Crystal Clock
[4— External Clock
Timer Output < I Detect Logic | . Pr:"'.“" Timer
Output Logic 1 091¢  f = Start/Stop
- I [ Gate
Contro! l
Logic ) Selected Clock ¢
- Clock
LS o PN
[ ¢—— Gato —. olec
lé— Timer Start/Stop
Mode O —H
Mode 1 ——p1 [4¢—RD0 Bit

TL/F/11415-12

FIGURE 7. LV8570A Timer Block Diagram
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LV8570A

Functional Description (continued)

of the input data registers are loaded into the timer. The
output will stay high until the counter reaches zero. At zero
the output is reset. The result is an output pulse whose du-
ration is equal to the input clock period times the count
value (N) loaded into the input data register. This is shown
in Figure 8.

Pulse Width = Clock Period X N

An interrupt is generated when the zero count is reached.
This can be used for one-time interrupts that are set to oc-
cur a certain amount of time in the future. In this mode the
Timer Start/Stop bit (TSS) is automatically reset upon zero
detection. This removes the need to reset TSS before start-
ing another operation.

The count down operation may be temporarily suspended
either under software control by setting the Count Hold/
Gate bit in the timer register high, or in hardware by setting
the GO or G1 pin high.

The above discussion assumes that the timer outputs were
programmed to be non-inverting outputs (active high). If the
polarity of the output waveform'is wrong for the application
the polarity can be reversed by configuring the Output Mode
Register. The drive configuration can also be programmed
to be push pull or open drain.

MODE 1: RATE GENERATOR

When operating in this mode the timer will operate continu-
ously. Before the timer is started its output is low. When the
timer-is started the input data register contents are loaded
into the counter on the negative clock edge and the output
is set high (again assuming the Output Mode Register is
programmed active high). The timer will then count down to
zero. Once the zero count is reached the output goes low

| N | N-1]n-2]

Internal
Counter
Clock

for one clock period of the timer clock.. Then on the next
clock the counter is reloaded automatically and the count-
down repeats itself. The output, shown in Figure 9, is a
waveform whose pulse width and period is determined by N,
the input register value, and the input clock period:

Period = (N + 1) (Clock Period)
Pulse Width = Clock Period

The GO or G1 pin and the count hold/gate bit can be used
to suspend the appropriate timer countdown when either is
high. Again, the output polarity is controllable as in mode 0.
If enabled, an interrupt is generated whenever the .zero
count is reached. This can be used to generate a periodic
interrupt.

MODE 2: SQUARE WAVE GENERATOR

This mode is also cyclic but in this case a square wave
rather than a pulse is generated. The output square wave
period is determined by the value loaded into the timer input
register. This period and the duty cycle are:

Period = 2(N + 1) (Clock Period) Duty Cycle = 0.5
When the timer is stopped the output will be low, and when
the Start/Stop bit is set high the timer’s counter will be load-
ed on the next clock fallmg transutlon and the output will be
set high.

The output will be toggled after the zero count is detected
and the counter will then be reloaded, and the cycle will
continue. Thus, every N + 1 counts the output gets toggled,
as shown in Figure 70. Like the other modes the timer oper-
ation can be suspended either by software setting the count
hold/gate bit (CHG) in the Timer Control Register or by us-
ing the gate pins. An interrupt will be generated every falling
edge of the timer output, if enabled.

RN

Timer
Start/Stop

Timer
Output

Count Hold/
Gate Bit :

TL/F/11415-13

FIGURE 8. Typical Waveforms for Timer Mode 0
(Timer Output Programmed Active High)
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FIGURE 9. Timing Waveforms for Timer Mode 1
(Timer Output Programmed Active High)
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Functional Description (continued)

[slhzfrfoflslz] 1 Jof
Internal

Counter

Clock

Timer

Start/Stop

Count Hold/
Gate Bit

 p T

P T

. TL/F/11415-15
_FIGURE 10. Timing Waveforms for Timer Mode 2
(Timer Output Programmed Active High)

MODE 3: RETRIGGERABLE ONE SHOT

This mode is different from the previous three modes in that
this is the only mode which uses the external gate to trigger
the output. Once the timer Start/Stop bit is set the output
stays inactive, and nothing happens until a positive tran-
sition is received on the G1 or GO pins, or.the Count Hold/
Gate (CHG) bit is set in the timer control register. When a
transition ocurs the one shot output is set active immediate-
ly; the counter is loaded with the value in the input register
on the next transition of the input clock and the countdown
begins. If a retrigger occurs, regardless of the current coun-
ter value, the counters will be reloaded with the value in the
input register and the counter will be restarted without
changing the output state. See Figure 71. A trigger count
can occur at any time during the count cycle and can be a
hardware or software signal (GO, G1 or CHG). In this mode
the timer will output a single pulse whose width is deter-
mined by the value in the input data register (N) and the
input clock period.

Pulse Width = Clock Period X N

Before entering mode 3, if a spurious edge has occurred on
GO/G1 or the CHG bit is set to logic 1, then a pulse will
appear at MFO or T1 or INTR output pin when the timer is
started. To ensure this does not happen, do the following

Timer
Output

steps before entering mode 3: Configure the timer for mode
0, load a count of zero, then start the timer.

The timer will generate an interrupt only when it reaches a
count of zero. This timer mode is useful for continuous
“watch dog” timing, line frequency power failure detection,
etc. .

READING THE TIMERS

Normally reading the timer data register addresses, OFH
and 10H for Timer 0 and 11H and 12H for Timer 1 will result
in reading the input data register which contains the preset
value for the timers. During timer operation it is often useful
to read the contents of the 16-bit down counter. This read-
ing may be an erroneous value of FFFFH.

To read a timer, the pP first sets the timer read bit in the
appropriate Timer Control Register high. This will cause the
counter’s contents to be latched to 2-8 bit output registers,
and will enable these registers to be read if the wP reads the
timer’s input data register addresses. On reading the LSB
byte the timer read bit is internally reset and subsequent
reads of the timer locations will return the input register val-
ues.

DETAILED REGISTER DESCRIPTION

There are 5 external address bits: Thus, the host microproc-
essor has access to 32 locations at one time. An internal
switching scheme provides a total of 67 locations.

This complete address space is organized into two pages.
Page 0 contains two blocks of control registers, timers, real
time clock counters, and special purpose RAM, while page
1 contains general purpose RAM. Using two blocks enables
the 9 control registers to be mapped into § locations. The
only register that does not get switched is the Main Status
Register. It contains the page select bit and the register
select bit as well as status information.

A memory map is shown in Figure 2 and register addressing

in Table VII. They show the name, address and page loca-
tions for the LV8570A.

ol slzft]ofofsfz]s|2[1]o]
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FIGURE 11. Timing Waveforms for Timer Mode 3, Output Programmed Active High
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LV8570A

Functional Description (continued)

L—po Interrupt Status

Power Feil Interrupt

D2 Period Interrupt

D3 Alarm Interrupt

D5 Timer 1 Interrupt
D6 R a-".
D7 Page Select Bit

. TL/F/11415-17

Select Bit

TABLE VII. Register/Counter/RAM MAIN STATUS REGISTER
Addressing for LV8570A PS ] RS | T1] 10 | AL]PER] PF L INT]
PS RS '
A0-4 (Note 1} (Note 2) Description ‘ b
CONTROL REGISTERS
00 X X Main Status Register
01 0 0 Timer 0 Control Register -
02 0 0 |Timer 1 Control Register , "
" 03 0 0 Periodic Flag Register ' D4 Timer 0 Interrupt.
04 0 0 - lInterrupt Routing Register
01 0 1 - [Real Time Mode Register
02 0 1 Cutput Mode Register -
03 0 1 Interrupt Control Register 0
04 0 1 Interrupt Control Register 1
COUNTERS (CLOCK CALENDAR) N . : '
05 0 X [1/100, 1/10 Seconds (0-99) The Main Status Register is always located at address 0
06 0 X |Seconds (0-59) regardless of the register block or the page selected. .
07 0 X |Minutes (0-59) DO: This read only bit is a general interrupt status bit that is
‘08 0 X [Hours (1-12,0-23) taken directly from the interrupt pins. The bit is a one when
09 0 X |Daysof an interrupt is pending on either the INTR pin or the MFO
o | o « M;‘f“t’:'h 1“1‘58’ 29/30/31) pin (when configured as an interrupt). This is.unlike D3-D5
0B 0 X |Years s {0:99; which can be set by an internal event but may not cause an
oC 0 X |JulianDate(LSB)  (1-99) interrupt. This bit is reset when the interrupt status bits in the
oD 0: X |Julian Date 0-3) Main Status Register are cleared.
_OE 0 X |Day of Week (1-7) D1-D5: These five bits of the Main Status Reglster are the
TIMER DATA REGISTERS main interrupt status bits. Any bit may be a one when any of
oF | -0 X |TimeroLsSB the interrupts are pending. Once an interrupt is asserted the
10 0 X | Timer o MSB P will read this register to determine the cause. These
11 .0 X |Timer1LSB interrupt status bits are not reset when read. Except for D1,
12 0 X |Timer 1 MSB to reset an interrupt a one is written back to the correspond-
TIME COMPARE RAM ing bit that is being tested. D1 is reset whenever the PFAIL
13 0 X |Sec Compare RAM (059 pin = logic 1. ThIS prevents loss of interrupt status when
14| 0 X |Min ngga,e RAM 50_59; reading the register in a polled mode. D1, D3-D5 are-set
15 0 X |Hours Compare regardless of whether these interrupts are masked or not by
. RAM (1-12,0-23) bits D6 and D7 of Interrupt Control Registers 0 and 1.
16 0 X D%M Compare 12730/ D6 and D7: These bits are Read/Write bits that control
AM ) (1-28/29/30/31) which register block or RAM page is to be selected. Bit D6
17 0 X Months Compare .
RAM (1-12) controls the register block to be accessed (see memory
18 0 X |DOW Compare RAM (1-7) map). The memory map of the clock is further divided into
TIME SAVE RAM two memory pages. One page is the registers, clock and
- timers, and the second page contains 31 bytes of general
19 0 X |Seconds Time Save RAM purpose RAM. The page selection is determined by bit D7.
1A 0 X Minutes Time Save RAM . .
1B 0 X Hours Time Save RAM
1C 0 X Day of Month Time Save RAM
1D 0 X Months Time Save RAM
1E 0 1 RAM
1F 0 X  |RAM/Test Mode Register -
01-1F| 1 X |2nd Page General Purpose RAM

1 PS—Page Select (Bit D7 of Main Status Register)
2 RS——Register Select (Bit D6 of Main Status Register)
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Functional Description (continued)
TIMER 0 AND 1 CONTROL REGISTER

DO Timer Start/Stop
D1 Mode Select

D2 Mode Selact
D3 Input Clock Select
D4 Input Clock Select

b tteeeeereeerneat )5, Input Clock Select

D6 Timer Read
07 Count Hold/Gate
TL/F/11415-18

These registers control the operation of the timers. Each
timer has its own register.

DO: This bit will Start (1) or Stop (0) the timer. When the
timer is stopped the timer’s prescaler and counter are reset,
and the timer will restart from the beginning when started
again. In mode 0 on time out the TSS bit is internally reset.

D1 and D2: These control the count mode of the timers.
See Table VI.

D3-D5: These bits control which clock signal is applied to
the timer’s counter input. There is one external clock input
pin (TCK) and either (or both) timer(s) can be selected to
run off this pin: refer to Table IV for details.

D6: This is the read bit. If a one is written into this location it
will cause the contents of the timer to be latched into a
holding register, which can be read by the uP at any time.
Reading the least significant byte of the timer will reset the
RD bit. The timer read cycle can be aborted by writing RD to
zero.

D7: The CHG bit has two mode dependent functions. In
modes O through 2 writing a one to this bit will suspend the
timer operation (without resetting the timer prescaler). How-
ever, in mode 3 this bit is used to trigger or re-trigger the
count sequence as with the gate pins. If retriggering is de-
sired using the CHG bit, it is not necessary to write a zero to
this location prior to the re-trigger. The action of further writ-
ing a one to this bit will re-trigger the count.

PERIODIC FLAG REGISTER

00 minutes flag

D1 10 second flag
D2 seconds flag

03 100 millisec. flag
D4 10 millisec. flag

DS milli-seconds flag

D6 Osciltator Failed/Single Supply

D7 Test Mode Enable

TL/F/11415-19
The Periodic Flag Register has the same bit for bit corre-
spondence as Interrupt Control Register 0 except for D6
and D7. For normal operation (i.e., not a single supply appli-
cation) this register must be written to on initial power up or
after an oscillator fail event. DO-D5 are read only bits, D6
and D7 are read/write.

D0-D5: These bits are set by the real time rollover events:
(Time Change = 1). The bits are reset when the register is
read and can be used as selective data change flags.

Dé6: This bit performs a dual function. When this bit is read, a
one indicates that an oscillator failure has occurred and the
time information may have been lost. Some of the ways an
oscillator failure can be caused are: failure of the crystal;
shorting OSC IN or OSC OUT to GND or Vgg; removal of
crystal; removal of battery when in the battery backed mode
(when a ‘0’ is written to D6); lowering the voltage at the Vgg
pin to a value less than 2.2V when in the battery backed
mode. Bit D6 is automatically set to 1 on initial power-up or
an oscillator fail event. The oscillator fail flag is reset by
writing a one to the clock start/stop bit in the Real Time
Mode Register, with the crystal oscillating.

When D6 is written to, it defines whether the TCP is being
used in battery backed (normal) or in a single supply mode
application. When set to a one this bit configures the TCP
for single power supply applications. This bit is automatically
set on initial power-up or an oscillator fail event. When set,
D6 disables the oscillator reference circuit. The result is that
the oscillator is referenced to Vgc. When a zero is written to
D6 the oscillator reference is enabled, thus the oscillator is
referenced to Vgg. This allows operation in standard battery
standby applications.

At initial power on, if the LV8570A is going to be pro-
grammed for battery backed mode, the Vgp pin should be
connected to a potential in the range of 2.2V to Voo —
0.4V.

For single supply mode operation, the Vgg pin should be
connected to GND and the PFAIL pin connected to Vg,
D7: Writing a one to this bit enables the test mode register
at location 1F (see Table VII). This bit should be forced to
zero during initialization for normal operation. If the test
mode has been entered, clear the test mode register before
leaving test mode. (See separate test mode application
note for further details.)

INTERRUPT ROUTING REGISTER
[OsTre IrrolTiRITORIALRIPRR [ PFR]

DO Power fail route
D1t Periodic routs
D2 Alarm route

D3 Timer 0 route
D4 Timer 1 route
D5 PF Delay Enable

D6 Low Battery flag
D7 Time Save Enable
TL/F/11415-20
D0-D4: The lower 5 bits of this register are associated with
the main interrupt sources created by this chip. The purpose
of this register is to route the interrupts to either the MFO
(multi-function pin), or to the main interrupt pin. When any
bit is set the associated interrupt signal will be sent to the
MFO pin, and when zero it will be sent to the INTR pin.
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LV8570A

Functional Description (continued)
D5: The Delay Enable bit is used when a power fail occurs.

If this bit is set, a 480 ps delay is generated internally before
the uP interface is locked out. This will enable the uP to
access the registers for up to 480 ps after it receives a
power fail interrupt. After a power failure is detected but
prior to the 480 ps delay timing out, the host uP may force
immediate lock out by resetting the Delay Enable bit. Note if
this bit is a 0 when power fails then after a delay of 30 us
min/63 us max the pP cannot read the chip.

D6: This read only bit is set and reset by the voltage at the
Vg pin. It can be used by the uP to determine whether the
battery voltage at the Vgg pin is getting too low. A compara-
tor monitors the battery and when the voltage is lower than
2.1V (typical) this bit is set. The power fail interrupt must be
enabled to check for a low battery voltage.

D7: Time Save Enable bit controls the loading of real-time-
clock data into the Time Save RAM. When a one is written
to this bit the Time Save RAM will follow the corresponding
clock registers, and when a zero is written to this bit the time
in the Time Save RAM is frozen. This eliminates any syn-
chronization problems when reading the clock, thus negat-
ing the need to check for a counter rollover during a read
cycle.

This bit must be set to a one prior to power failing to enable
the Time Save feature. When the power fails this bit is auto-
matically reset and the time is saved in the Time Save RAM.

REAL TIME MODE REGISTER -
[ x11] xto] 1PF| IPF [css|12H] LY 1]LY0]

D

o

Leap Year LSB

Leap Year MSB

D2 12/Z4 hour mode

D3 Clock S(art/wop'

D4 Interrupt PF Operation
D5 Timer PF Operation

D
D

b= ) {

o

Crystal Frequency LSB

~

Crystal Frequency MSB
TL/F/11415-21

DO-D1: These are the leap year counter bits, These bits are
written to set the number of years from the previous leap
year. The leap year counter increments on December 31st
and it internally enables the February 29th counter state.
This method of setting the leap year allows leap year to
occur whenever the user wishes to, thus providing flexibility
in implementing Japanese leap year function.

LY1 LYo Leap Year
Counter
0 0 Leap Year Current Year
0 1 ‘Leap Year Last Year
1 0 Leap Year 2 Years Ago
1 1 ‘'Leap Year 3 Years Ago

D2: The count mode for the hours counter can be set to
either 24 hour mode or 12 hour mode with AM/PM indicator.
A one will place the clock in 12 hour mode.

D3: This bit is the master Start/Stop bit for the clock. When
a one is written to this bit the real time counter’s prescaler
and counter chain are enabled. When this bit is reset to zero
the contents of the real time counter is stopped and the
prescaler is cleared. When the TCP is initially powered up
this bit will be held at a logic O until the oscillator starts
functioning correctly after which this bit may be modified. If
an oscillator fail event occurs, this bit will be reset to logic 0.

D4: This bit controls the operation of the interrupt output in
standby mode. If set to a one it allows Alarm, Periodic, and
Power Fail interrupts to be functional in standby mode. Tim-
er interrupts will also be functional provided that bit D5 is
also set. Note that the MFO and INTR pins are configured
as open drain in standby mode.

If bit D4 is set to a zero then interrupt control register 0.and
bits D6 and D7 of interrupt control register 1 will be reset
when the TCP enters the standby mode. They will have to
be re-configured when system (Vcc) power is restored.
D5: This bit controls the operation of the timers in standby
mode. If set to a one the timers will continue to function
when the TCP is in standby mode. The input pins TCK, GO,
G1 are locked out in standby mode, and cannot be used.
Therefore external control of the timers is not possible in
standby mode. Note also that MFO and T1 pins are auto-
matically reconfigured open drain during standby.

D6 and D7: These two bits select the crystal clock frequen-
cy as per the following table:

XT1 | XTO Crystal
Frequency
0 ‘0 32.768 kHz
0 1 4,194304 MHz
1 0 49152 MHz
1 1 32.000 kHz

All bits are Read/Write, and any mode written into this regis-
ter can be determined by reading the register. On initial
power up these bits are random.
OUTPUT MODE REGISTER

Mo JMT [ MPIMH [P HT TP TH]
—p
D
D:
D.
D
D
)
D

T4 Active Hi/Tow

T1 Push pull/Open Drain
INTR Active Hi/Low

INTR Push pull/Open Drain
MFO Active Hi/Tow

MFO Push pull/Open Drain
MFO pin as Timer 0 :

MFO Pin as Oscillator
TL/F/11415-22
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Functional Description (continued) -

DO: This bit, when set to a one makes the T1 (timer 1)
output pin active high, and when set to a zero, it makes this
pin active low. ‘

D1: This bit controls whether the T1 pin is an open drain or
push-pull output. A one indicates push pull.

D2: This bit, when set to a one makes the INTR output pin
active high, and when set to a zero, it makes this pin active
low. ‘

D3: This bit controls whether the INTR pin is an open drain
or push-pull output. A one indicates push-pull.

D4: This bit, when set to a one makes the MFO output pin
active high, and when set to a zero, it makes this pin actlve
low. ’
DS: This bit'¢ontrols’ whether_ the MEO pin is an open drain
or push-pull output. A one indicates push-pult.

D6 and D7: These bits are used to program the sngnal ap-
peanng at the MFO output as follows

D7 | D6|  MFO Outputslgnal

0 | O | 2ndInterrupt
0 | 1 | Timer0 Waveform
1 | X | Buffered Crystal Oscﬂlator

. INTERRUPT CONTROL REGISTER 0
1 71]10] 1m] tmJhm] S| TS| MN]

DO Minutes enable

b——————D1 10 second enable

D2 S ds enable

. b D3 100 millisec enable

D4 10 millisec enable

D5 millisec enable

D6 Timer O enable

D7 Timer 1 enable

oo ' TL/F/11415-23
D0-D5: These bits are used to enable one of the selected
periodic interrupts by writing a one into the appropriate bit.
These interrupts are issued at the rollover of the clock. For
example, the minutes interrupt will be-issued whenever the
minutes counter increments. In all likelihood the -interrupt
will be enabled .asynchronously with the real time change.
Therefore, the very first interrupt will occur in less than the

periodic time chosen, but after the first interrupt all subse-
quent interrupts will be spaced correctly. These interrupts
are useful when minute, second, real time reading, or task
switching is required. When all six bits are written to a 0 this

disables periodic interrupts from the Main Status Register

and the interrupt pin.

D6 and D7: These are individual timer enable bits. A one
written to these bits enable the timers to generate interrupts
to the uP.

INTERRUPT CONTROL REGISTER 1

LLpFe f AtefoOM] MO JOOMIHR] MN ] SC
: ] ~DO Second compare enable
e X . . D1 Minute compare enable

D2 Hour compare enable

D3 Day of month enable

D4 Month comparo"ona'blo

D5 Day of week enable

D6 Alarm interrupt enable

D7 Power fail interrupt enable
TL/F/11415-24

D0-DS: Each of these bits are ‘enable bits which will enable
a comparison between anindividual clock counter and its
associated compare RAM. If any bit is-a zero then that
clock-RAM comparator is set to the “always equal” state
and the associated TIME COMPARE RAM byte can be used
as general purpose RAM. However, to ensure that an alarm

interrupt is not generated at bit D3 of the Main Status Regis-

ter, all bits must be written to a logic zero. .

. D6: In order to generate an external alarm compare inter-
- rupt to the pP from bit D3 of the Main Status- Register, this
* bit must be written to a logic 1.

D7: The MSB of this register is the enable blt for the Power

_ Fail Interrupt. When this bit is set to a one an interrupt will

be generated to the P when PFAIL = 0.

" This bit also_enables the low battery detechon analog cir-
" cuitry.

- .“If the user wishes to mask the power fall lnterrupt but utilize

the analog circuitry, this bit should be enabled, and the

- Routing Register can be used to route the interrupt to the

MFO pin. The MFO pin can then be left open or configured
as the Timer O or buffered oscillator output.
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LV8570A

Control and Status Register Address Bit Map

D7 D6 . D5 D4 D3 D2 D1 Do
Maln Status Register PS =0 RS = 0 ADDRESS = 00H
R/W R/W R/W1 R/W1 R/W1 R/W1 R2 R3
Page Register Timer 1 Timer 0 Alarm Periodic Power Fail | 'Interrupt
Select Select Interrupt Interrupt Interrupt Interrupt Interrupt Status
Timer 0 Control Register PS =0 RS = 0 Address = 01H
Count Hold Timer Input Clock | Input Clock | Input Clock ‘Mode N Mode Timer
Gate -Read SelectC2 | SelectC1 SelectCO | SelectM1 | SelectM0 | Start/Stop
Timer 1 Control Register PS = 0 RS =0 ' Address = 02H
Count Hold Timer Input Clock | Input Clock | Input Clock Mode Mode Timer
Gate Read SelectC2 | SelectC1 SelectCO | SelectM1 |[.SelectM0 | Start/Stop
Perlodic Flag Register PS = 0 RS=0 Address = 03H
R/W R/W4 RS RS RS RS RS RS
Test Osc. Fail/ 1ms 10 ms 100 ms Seconds 10 Second Minute
Mode - |Single Supply Flag Flag Flag Flag Flag Flag
Interrupt Routing Register PS = 0 RS =0 Address = 04H .
R/W R6 R/W " R/W "R/W R/W R/W R/W
Time Save | Low Battery Power Fail Timer 1. Timer 0 Alarm - Periodic . . |. Power Fail
Enable Flag Delay Int. Route Int. Route Int. Route Int. Rou_te Int. Route
. Enable MFO/INT | MFO/INT | MFO/INT | MFO/INT | MFO/INT
Real Time Mode Register PS = 0 RS=1  Address = 01H ) , ,
Crystal Crystal Timers EN | Interrupt EN Clock 12/24 Hr. | LeapYear | Leap Year
Freq. XT1 Freq.XTO | onBack-Up | on Back-Up.| Start/Stop Mode MSB LSB
Output Mode Register PS = 0 RS =1 ‘Address = 02H
MFO as MFO as MFO MFO " INTR INTR T T1
Crystal Timer 0 PP/OD |Active HI/LO| PP/OD |Active HI/TO| PP/OD |Active HI/LO
Interrupt Control Register 0 PS = 0 RS =1 Address = 03H
Timer 1 Timer 0 1ms 10 ms 100 ms Seconds 10 Second Minute
Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt
Enable Enable Enable Enable Enable Enable Enable Enable
Interrupt Control Register 1 PS = 0 RS =1 Address = 04H
Power Fail Alarm Dow Month DOM Hours Minute Second
Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt
Enable Enable Enable Enable Enable Enable Enable Enable

1. Reset by
writing
1 to bit.

2. Set/reset by
voltage at
PFAIL pin.

3. Reset when
all pending
interrupts
are removed.

All Bits R/W

All Bits R/W

4. Read Osc fail
Write O Batt-
Backed Mode
Write 1 Single
Supply Mode

5. Reset by
positive edge
of read.

6. Set and reset
by Ves
voltage.

All Bits R/W
All Bits R/W

All Bits R/W

All Bits R/W
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Application Hints

Suggested Initlalization Procedure for LV8570A In bat-
tery backed applications that use the Vgg pin

1.

Enter the test mode by writing a 1 to bit D7 in the Period-
ic Flag Register.

operation, this bit can be set only if the oscillator is run-
ning. During the software loop, RAM, real time counters,
output configuration, interrupt control and timer functions
may be initialized.

2. Write zero to the RAM/TEST mode Register located in . Test bit D6 in the Periodic Flag Register:
page 0, address HEX 1F. IF a 1, go to 5.1. If this bit remains a 1 after 3 seconds,
3. Leave the test mode by writing a 0 to bit D7 in the Period- then abort and check hardware. The crystal may be de-
ic Flag Register. Steps 1, 2, 3 guarantes that if the test fective or not installed. There may be a §hon at OSC IN
mode had been entered during power on (dus to random or 0SC OUT to Vg or GND, or to some impedance that
pulses from the system), all test mode conditions are is less than 10 MQ.
cleared. Most important is that the OSC Fail Disable bit is IF a 0, then the oscillator is running, go to step 7.
cleared. Fief?r to AN-589 for more information on test 7. Write a 0 to bit D6 in the Periodic Flag Register. This
mode operation. action puts the clock chip in the battery backed mode.
4. After power on (Vcg and Vgg powered), select the cor- This mode can be entered only if the osc fail flag (bit D6
rect crystal frequency bits (D7, D6 in the Real Time Mode of the Periodic Flag Register) is a 0. Reminder, Bit D6 is
Register) as shown in Table I. a dual function bit. When read, D6 returns oscillator
status. When written, D6 causes either the Battery
TABLE| Backed Mode, or the Single Supply Mode of operation.
Frequency D7 Dé The only method to ensure the chip is in the battery
32.768 kHz 0 0 backed mode is to measure the waveform at the OSC
. OUT pin. If the battery backed mode was selected suc-
4,194304 MHz 0 1 cessfully, then the peak to peak waveform at OSC OUT
is referenced to the battery voltage. If not in battery
4.9152 MHz 1 0 backed mode, the waveform is referenced to Vgc. The
32.0 kHz 1 1 measurement should be made with a high impedance
- low capacitance probe (10 MQ, 10 pF oscilloscope
5. Enter a software loop that does the following: probe or better). Typical peak to peak swings are within
Set a 3 second (approx.) software counter. The crystal (TBD on bench) and ground respectively.
oscillator may take 1 second to start. 8. Write a 1 to bit D7 of Interrupt Control Register 1. This
5.1 Write a 1 to bit D3 in the Real Time Mode Register action enables the PF'A!L pin and associated circuitry.
(try to start the clock). Make sure the crystal select 9. Initialize the rest of the chip as needed.
bits remain the same as in step 1. Under normal
Typical Application
Main Supply R1* Di* Battery Supply
Vee Ves %
2 Lls
PFAIL [dbmmmmnanem A low going user
generated power
b presented o the
5 \':w“ = :) o so-as LVB570A FFA pin.
a N—— Timer
3 TR Clock m? ’
2 et Peripheral = azer
é-' t 00-D7 Noo-07 32,768 kHz
NV A NS T A7pF
\‘ RO, WR, INT / :4:5
i NFO
GND

TL/F/11415-25

*These components may be necessary to meet UL requirements
for lithium batteries. Consult battery manufacturer.
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LV8570A

Typical Performance Characteristics
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%National

Semiconductor

PRELIMINARY

LV8571A Low Voltage Timer Clock Peripheral (TCP)

General Description

The LV8571A is intended for use in microprocessor based
systems where information is required for multi-tasking, data
logging or general time of day/date information. This device
is implemented in low voltage silicon gate microCMOS tech-
nology to provide low standby power in battery back-up en-
vironments. The circuit's architecture is such that it looks
like a contiguous block of memory or I/0 ports. The address
space is organized as 2 software selectable pages of 32
bytes. This includes the Control Registers, the Clock Coun-
ters, the Alarm Compare RAM, the Timers and their data
RAM, and the Time Save RAM. Any of the RAM locations
that are not being used for their intended purpose may be
used as general purpose CMOS RAM.

Time and date are maintained from 1/100 of a second to
year and leap year in a BCD format, 12 or 24 hour modes.
Day of week, day of month and day of year counters are
provided. Time is controlled by an on-chip crystal oscillator
requiring only the addition of the crystal and two capacitors.
The choice of crystal frequency is program selectable.

Two independent multifunction 10 MHz 16-bit timers are
provided. These timers operate in four modes. Each has its
own prescaler and can select any of 7 possible clock inputs.
Thus, by programming the input clocks and the timer coun-
ter values a very wide range of timing durations can be
achieved. The range is from about 400 ns (4.915 MHz oscil-
lator) to 65,535 seconds (18 hrs., 12 min.).

Power failure logic and control functions have been integrat-
ed on chip. This logic is used by the TCP to issue a power fail

interrupt, and lock out the up interface. The time power fails
may be logged into RAM automatically when Vgg > Vge.
Additionally, two supply pins are provided. When Vgg
> Vg, internal circuitry will automatically switch from the
main supply to the battery supply. Status bits are provided
to indicate initial application of battery power, system power,
and low battery detect. (Continued)

Features
m 3.3V +£10% supply
m Full function real time clock/calendar
— 12/24 hour mode timekeeping
— Day of week and day of years counters
— Four selectable oscillator frequencies
— Parallel resonant oscillator
| Two 16-bit timers
— 10 MHz external clock frequency
— Programmable multi-function output
— Flexible re-trigger facilities
m Power fail features
— Internal power supply switch to external battery
— Power Supply Bus glitch protection
— Automatic log of time into RAM at power failure
B On-chip interrupt structure
— Periodic, alarm, timer and power fail interrupts
Up to 44 bytes of CMOS RAM
m INTR/MFO pins programmable High/Low and push-pull
or open drain

Block Diagram

osc osc
out in
PFAIL
Prescaler
Vgg=—=> Power =Vt
Supply v
—p] Switch
Ve Logic Two
Real Time Ly Multi-mode Power

TS —p Clock Counters " Timers Fail
W — Logic
m—p »P

7T

S

Bus
DO-7® Logic

nternal Data Bus

1T

=i

1L

Ao-4<:>

Alarm Compare
and Time Save

RAM L |

Control CMos
Registers RAM

Interrupt
Logic

—>

INTR  MFO

vy o

TL/F/11416-1

FIGURE 1
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LV8571A

Absolute Maximum Ratings (Notes 1 & 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vcc) -0.5Vto +7.0V

Operation Conditions

Supply Voltage (Vcc) (Note 3) -
Supply Voltage (Vgg) (Note 3)
DG Input or Output Voltage

Min  Max
3.0 3.6

Unit
\

22 Veg—04 V

' 0.0 Veg: V
.DC Input Voltage (Vix) ~0.5V to Vg +0.5V (Vin: Vour) ce
DC Output Voltage (Vour) ~0.5VtoVgg + 0.5V Operation Temperature (Ta) —40 +85  °C
Storage Temperature Range —65°C to +150°C Electr-Static Discharge Rating TBD 1. kv
Power Dissipation (PD) 500 mW ,Tyglcallj\llglues Board :
. o JA oar
Lgad Tgmpergture (Soldering, 10 sec.) . 260°C : Socket :
‘ 644 PLCC Board 77°CIW
. ‘ . . Socket 85°C/W
DC Electrical Characteristics :
Vce = 3.3V £10%, Vgg = 2.5V, VEgaL > Vi, CL = 100 pF (unless otherwise specified)
. Min . Max
Symbol Parameter COndltIons (Note 16) (Note 16) Units
ViH High Level Input Voltage . . Any Inputs Except OSC IN, 20 Vee + 0.3 v
(Note 4) OSC IN with External Clock Vg —0.2 : \
ViL Low Level input Voltage All Inputs Except OSC IN -0.3 0.8 v
OSC IN with External Clock —0.3 0.2 \'
VoH High Level Output Voltage lout = —20 pA Vcc -0.2 \
(Excluding OSC OUT) loutr = —2.0mA 2.4 \
VoL Low Leve! Output Voltage louT = 20 pA 0.1. v
(Excluding OSC OUT) lout = 2.0 MA 0.3 Vv
IIN Input Current (Except OSC IN) . ViN = Vgg or GND +1.0 pA
loz - Output TRI-STATE® Current . Vout = Vgg or GND +5 pA
ILkG Output High Leakage Current Vout = Vcc or GND +5 A
MFO, INTR Pins Outputs Open Drain B b
Icc Quiescent Supply Current Fosc = 32.768 kHz :
(Note 7) - ViN = Vce or GND (Note 5) 200 pA
VIN = Vgg or GND (Note 6) 700 BA
" VIN = Viyor V) (Note 6) 8 mA
. Fosc = 4.194304 MHz or
4.9152 MHz
VIN = Vgg or GND (Note 6) [ mA
ViN = Vi or V)L (Note 6) 7 mA
Icc Quiescent Supply Current Vgg = GND
(Single Supply Mode) ViN = Vg or GND
(Note 7) Fosc = 32.768 kHz 60 pA
Fosc = 4.9152 MHz or 6 mA
4.194304 MHz
Iss Standby Mode Battery Vcc = GND
Supply Current 0SCOUT = open 0|rcu|t
(Note 8) other pins = GND
Fosc = 32.768 kHz 8 pA
Fosc = 4.9152 MHz or 400 pA
- 4,194304 MHz
IBLK Battery, Supply Leakage 2.2V <\Vgg <26V
other pins at GND
Vcec = GND, Vgg = 2.6V 1.5 pA
Voo = 3.6V, Vgg = 2.2V -5 pA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.
Note 2: Unless otherwise specmed all voltages are referenced to ground.

Note 3: For Fogc = 4.194304 or 4.9152 MHz, Vgg minimum = 2.8V. In battery backed mode, Vgg < Ve —0.4V. Single Supply Mode: Data retention vollage is
2.2V min. In single Supply Mode (Power connected to Vgg pin) 3.0V < Vgg < 3.6V.
Note 4: This parameter (V) is not tested on all pins at the same time.

Note 5: This specification tests Igc with all power fail circuitry disabled, by setting D7 of Interrupt Control Register 1 to 0.
Note 6: This specification tests Icg with all power fail circuitry enabled, by setting D7 of Interrupt Control Register 1 to 1.
Note 7: This specification is tested with both the timers and OSC IN driven by a signal generator. Contents of the Test Register = 00(H), the MFO pin is not
configured as buffered oscillator out and MFO, INTR, are configured as open drain.
Note 8: This specification is tested with both the timers off, and only OSC IN is driven by a signal generator. Contents of the Test Register = 00(H) and the MFO
pin is not configured as buffered oscillator out.
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AC Electrical Characteristics
Vece = 3.3V £10%, Vgg = 2.5V, VBEAIL > ViH, CL = 100 pF (unless otherwise specified)

Symbol Parameter (Nc:\:len 16) (N::z): 6) Units
READ TIMING
tAR Address Valid Prior to Read Strobe 10 ns
thw Read Strobe Width (Note 9) 80 ns
tco Chip Select to Data Valid Time 80 ns
tRAH Address Hold after Read (Note 10) 0 ns
tRD Read Strobe to Valid Data 70 ns
tpz Read or Chip Select to TRI-STATE 70 ns
tRCH Chip Select Hold after Read Strobe (Note 10) 0 ns
tps Minimum Inactive Time between Read or Write Accesses 40 ns
WRITE TIMING
taw Address Valid before Write Strobe 10 ns
tWAH Address Hold after Write Strobe (Note 10) 0 ns
tow Chip Select to End of Write Strobe 60 ns
tww Write Strobe Width (Note 11) 50 ns
tow Data Valid to End of Write Strobe 40 ns
twDH Data Hold after Write Strobe (Note 10) ns
twcH Chip Select Hold after Write Strobe (Note 10) 0 ns
INTERRUPT TIMING

tRoLL i Clock rollover to INTR out is typically 20 ps

|

Note 9: Read Strobe width as used in the read timing table is defined as the period when both chip select and read inputs are low. Hence read commences when
both signals are low and terminates when either signal returns high.

Note 10: Hold time is guaranteed by design but not production tested. This limit is not used to calculate outgoing quality levels.

Note 11: Write Strobe width as used in the write timing table is defined as the period when both chip select and write inputs are low. Hence write commences when
both signals are low and terminates when either signal returns high.

AC Test Conditions
Input Pulse Levels GND to 3.0V
Input Rise and Fall Times 6 ns (10%-90%)
Input and Output
Reference Levels
TRI-STATE Reference Active High +
Levels (Note 13) Active Low —

Note 12: C; = 100 pF, includes jig and scope capacitance.

Note 13: S1 = Vc for active low to high impedance measurements.
S1 = GND for active high to highimpedance measurements.
S1 = open for all other timing measurements.

Capacitance (r, = 25°C, f = 1MHz)

Parameter
Symbol (Note 14) Typ Units
CiN Input Capacitance 5 pF
Cout Output Capacitance 7 pF

Note 14: This parameter is not 100% tested.
Note 15: Qutput rise and fall times 25 ns max (10%-80%]) with 100 pF load.
Note 16: Room temperature values only.

Device

Input O—— Under

Test

S; (Note 13)

!

R =1kO
Output

a
$ (Note 12)

TL/F/11416-2
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LV8571A

Timing Waveforms

Read Timing Dlagram ‘

: tep—> tren ™1 4

et a
DATA . Valid Data 1‘—
: e ']

Write Timing Diagram

TUF/11416-3 .

A0-4

| ow
. —H
taw = N _ - by ——— ‘
WR | | L . — i 14___55

tow <= tyoH

~

DATA Valid Data

TL/F/11416-4
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General Description (continued)

The LV8571A’s interrupt structure provides four basic types
of interrupts: Periodic, Alarm/Compare, Timer, and Power
Fail: Interrupt mask and status registers enable the masking
and easy determination of each interrupt.

One dedicated general purpose interrupt output is provided.
A second interrupt output is available on the Multiple Func-
tion Output (MFO) pin. Each of these may be selected to
generate an interrupt from any source. Additionally, the
MFO pin may be programmed to be either as oscillator out-
put or Timer 0's output.

Pin Description

CS, RD, WR (Inputs): These pins interface to P control
lines. The TS pin is an active low enable for the read and
write operations. Read and Write pins are also active low
and enable reading or writing to the TCP. All three pins are
disabled when power failure is detected. However, if a read
or write is in progress at this time, it will be allowed to com-
plete its cycle.

A0-A4 (Inputs): These 5 pins are for register selection.
They individually control which location is to be accessed.
These inputs are disabled when power failure is detected.

OSC IN (Input): OSC OUT (Output): These two pins are
used to connect the crystal to the internal paralle! resonant
oscillator. The oscillator is always running when power is
applied to Vg and Vg, and the correct crystal select bits in
the Real Time Mode Register have been set.

MFO (Output): The multi-function output can be used as a
second interrupt output for interrupting the P. This pin can
also provide an output for the oscillator or the internal Timer
0. The MFO output can be programmed active high or low,
open drain or push-pull. If in battery backed mode and a
pull-up resistor is attached, it should be connected to a volt-
age no greater than Vpg. This pin is configured open drain
during battery operation (Vgg > V¢g).

INTR (Output): The interrupt output is used to interrupt the
processor when a timing event or power fail has occurred
and the respective interrupt has been enabled. The INTR
output can be programmed active high or low, push-pull or
open drain. If in battery backed mode and a pull-up resistor
is attached, it should be connected to a voltage no greater
than Vgg. This pin is configured open drain during battery
operation (Vgg > Vo).

D0-D7 (Input/Output): These 8 bldlrectlonal pins connect
to the host pP’s data bus and are used to read from and
write to the TCP. When the PFAIL pin goes low and a write
is not in progress, these pins are at TRI-STATE.

PFAIL (Input): In battery backed mode, this pin can have a
digital signal applied to it via some external power detection
logic. When PFAIL = logic 0 the TCP goes into a lockout
mods, in a minimum of 30 us or a maximum of 63 ps unless
lockout delay is programmed. In the single power supply
modes, this pin is not useable as an input and should be tied
to Vce. Refer to section on Power Fail Functional Descrip-
tion.

Vgg (Battery Power Pin): This pin is connected to a back-
up power supply. This power supply is switched to the inter-
nal circuitry when the Vg becomes lower than Vgpg. Utiliz-
ing this pin eliminates the need for external logic to switch in
and out the back-up power supply. If this feature is not to be
used then this pin must be tied to ground, the TCP pro-
grammed for single power supply only, and power applied to
the Vg pin.

Vee: This is the main system power pin.

GND: This is the common ground power pin for both Vgg
and Vee.

Connection Diagram

Dual-In-Line
— ./
s - 24=Vee
RO~ 2 23}—FFAIL
WR—{3 2207
A0— 4 21}=D6
a5 20}—D5
- A2—{6 19}=D4
A3—7 18f—-03
A4—18 17=D2
Vgg—{ 9 16)=D1
0SC IN={ 10 ) 15=Do
0SC OUT —{ 11 14}~ INTR
GND=—] 12 13|~wnro
TL/F/11416-5
.Top View
Order Number LV8571AN

See NS Package Number N24C
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LV8571A

Functional Description

The LVB571A contains a fast access real time clock, two 10
MHz 16-bit timers, interrupt control logic, power fail detect
logic, and CMOS RAM. All functions of the TCP are con-
trolled by a set of nine registers. A simplified block diagram
that shows the major functional blocks is given in Figure 1.

The blocks are described in the following sections:
1. Real Time Clock

2. Oscillator Prescaler

3. Interrupt Logic

4. Power Failure Logic

5. Additional Supply Management . .

6. Timers

Page Select =0

The memory map of the TCP is shown in the memory ad-
dressing table. The memory map consists of two 31 byte
pages with a main status register that is common to both
pages. A control bit in the Main Status Register is used to
select either page. Figure 2 shows the basic concept.
Page 0 contains all the clock timer functions, while page 1
has scratch pad RAM. The control registers are split into
two separate blocks to allow page 1 to be used entirely as
scratch pad RAM. Again a control bit in the Main Status
Register is used to select either control register block.

1F RAM/TEST Register Page Select = 1
1E RAM 1F RAM
1D Months Time Save RAM 1E RAM
1C | Day of Month Time Save RAM 10 RAM
18 Hours Time Save RAM [ RAM
1A Minutes Time Save RAM 1B RAM
19 Seconds Time Save RAM 1A RAM
18] Day of Week Compare RAM 19 RAM
17 Months Compare RAM 18 RAM
16| Day of Month Compare RAM 17 RAM
15 Hours Compare RAM 16 RAM
14 Minutes Compare RAM 15 RAM
13 Seconds Compare RAM 14 RAM
12 Timer 1 MSB 13 RAM
1 Timer 1 LSB 12 RAM
10 Timer 0 MSB 1 RAM
OF Timer 0 LSB 10 RAM
OE| Dey of Week Clock Counter OF RAM
oD 100's Julian Clock Counter 0E RAM
0C| Units Julian Clock Counter oD RAM
08 Years Clock Counter oc RAM
0A Months Clock Counter 0B RAM
09{ Day of Month Clock Counter 0A RAM
08 Hours Clock Counter 09 RAM
07 Minutes Clock Counter 08 RAM
06 Seconds Clock Counter 07 RAM
05 Y100 Second Counter 06 RAM
' 05 RAM
/ \ 04 RAM
Register Select=0 Register Select =1 03 RAM
Interrupt Routing Registel 04 Interrupt Control Register 1 02 RAM
Pariodic Flag Register 03 | Interrupt Control Register 0 01 RAM

Timer 1 Control Register 02

Output Mode Register

Timer 0 Control Register 01

Real Time Mode Register

\

00§ Main Status Register |}

TL/F/11416-6

FIGURE 2. LV8571A Internal Memory Map
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Functional Description (continued)
INITIAL POWER-ON of BOTH Vgg and Vge

Vgg and Vg may be applied in any sequence. In order for
the power fail circuitry to function correctly, whenever power
is off, the Vg pin must see a path to ground through a
maximum of 1 MQ. The user should be aware that the con-
trol registers will contain random data. The first task to be
carried out in an initialization routine is to start the oscillator
by writing to the crystal select bits in the Real Time Mode
Register. If the LVB571A is configured for single supply
mode, an extra 50 pA may be consumed until the crystal
select bits are programmed. The user should also ensure
that the TCP is not in test mode (see register descriptions).

REAL TIME CLOCK FUNCTIONAL DESCRIPTION

As shown in Figure 2, the clock has 10 bytes of counters,
which count from 1/100 of a second to years. Each counter
counts in BCD and is synchronously clocked. The count se-
quence of the individual byte counters within the clock is
shown later in Table VII. Note that the day of week, day of
month, day of year, and month counters all roll over to 1.
The hours counter in 12 hour mode rolls over to 1 and the
AM/PM bit toggles when the hours rolls over to 12
(AM = 0, PM = 1). The AM/PM bit is bit D7 in the hours
counter.

All other counters roll over to 0. Also note that the day of
'year counter is 12 bits long and occupies two .addresses.
Upon initial application. of power the counters w1|| contaln
random information. -

READING THE CLOCK: VALIDATED READ

Since clocking of the counter occurs asynchronously to
reading of the counter, it is possible to read the counter
while it is being incremented (rollover). This may result in an
incorrect time reading. Thus to ensure a correct reading of
the entire contents of the clock (or that part of interest), it
must be read without a clock rollover occurring. In general
this'can be done by checking a rollover bit. On this chip the
periodic interrupt status bits can serve this function. The
following program steps can be used to accomplish this.

1. Initialize program for reading clock.

2. Dummy read of periodic status bit to clear it.

3. Read counter bytes and store.

4. Read rollover bit, and test it.

5. If rollover occured go to 3.

6. If no rollover, done.

To detect the rollover, individual periodic status bits can be
polled. The periodic bit chosen should be equal to the high-
est frequency counter register to be read. That is if only
SECONDS through HOURS counters are read, then the
SECONDS periodic bit should be used.

READING THE CLOCK: INTERRUPT DRIVEN

Enabling the periodic interrupt mask bits cause interrupts
just as the clock rolls over. Enabling the desired update rate
and providing an interrupt service routine that executes in
less than 10 ms enables clock reading without checking for
a rollover.

READING THE CLOCK: LATCHED READ

Another method to read the clock that does not require
checking the rollover bit is to write a one into the Time

Save Enable bit (D7) of the Interrupt Routing Register, and
then to write a zero. Writing a one into this bit will enable the
clock contents to be duplicated in the. Time Save RAM.
Changing the bit from a one to a zero will freeze and store
the contents of the clock in Time Save RAM. The time then
can be read without concern for clock rollover, since inter-
nal logic takes care of synchronization of the clock. Be-
cause only the bits used by the clock counters will be
latched, the Time Save RAM should be cleared prior to use
to ensure that random data stored in the unused bits do not
confuse the host microprocessor. This bit can also provide
time save at power failure, see the Additional Supply Man-
agement Functions section. With the Time Save Enable bit
at a logical 0, the Time Save RAM may be used as RAM if
the latched read function is not necessary. .

INITIALIZING AND WRITING TO THE
CALENDAR-CLOCK

Upon initial application of power to the TCP or when making
time corrections, the time must be written into the clock. To
correctly write the time to the counters, the clock would
normally be stopped by writing the Start/Stop bit in the Real
Time Mode Register to a zero. This stops the clock from
counting and disables the carry circuitry. When initializing
the clock's Real Time Mode Register, it is recommended
that first the various mode bits be written while maintaining
the Start/Stop bit reset, and then writing to the register a
second time with the Start/Stop bit set.

The above method is useful when the entire clock is being
corrected. If one location is being updated the clock need
not be stopped since this will reset the prescaler, and time
will be lost. An ideal example of this is correcting the hours
for daylight savings time. To write to the clock “on the fly”
the best method is to wait for the 1/100 of a second period-
ic interrupt. Then wait an additional 16 us, and then write
the data to the clock.

PRESCALER/OSCILLATOR FUNCTIONAL
DESCRIPTION

Feeding the counter chain is a programmable prescaler
which divides the crystal oscillator frequency to 32 kHz and
further to 100 Hz for the counter chain (see Figure 3). The
crystal frequency that can be selected are: 32 kHz, 32.768
kHz, 4.9152 MHz, and 4.194304 MHz.

Once 32 kHz is generated it feeds both timers and the
clock. The clock and timer prescalers can be independently
enabled by controlling the timer or clock Start/Stop bits.

To Real Time Counters I

From > To Timers
Cscillator 7| 4.194/4.915 MHz ]
Prescaler divide
. "| o
2 320
Frequency -
Select
I s 2 1
ng Pulse
Mux »{ Subtractor MUX !
i | |—p 32.000 kHz

TL/F/11416-7
FIGURE 3. Programmable Clock Prescaler Block
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LV8571A

Functional Description (continued)

The oscillator is programmed via the Real Time Mode Reg-
ister to operate at various frequencies. The crystal oscillator
is designed to offer optimum performance at each frequen-
cy. Thus, at 32.768 kHz the oscillator is configured as a low
frequency and low power oscillator. At the higher frequen-
cies the oscillator inverter is reconfigured. In addition to the
inverter, the oscillator feedback bias resistor is included on
chip, as shown in Figure 4. The oscillator input may be driv-
en from an external source if desired. Refer to test mode
application note for details. The oscillator stability is en-
hanced through the use of an on chip regulated power sup-
ply.

The typical range of trimmer capacitor (as shown in Oscilla-
tor Circuit Diagram Figure 4, and in the typical application) at
the oscillator input pinis suggested only to allow accurate
tuning of the oscillator. This range is based on a typical
printed circuit board layout and may have to be changed
depending on the parasitic capacitance of the printed circuit
board or fixture being used. In all cases, the load capaci-
tance specified by the crystal manufacturer (nominal value
11 pF for the 32.768 crystal) is what determines proper os-
cillation. This load capcitance is the series combination of
capacitance on each side of the crystal (with respect to
ground).

Internal Components

Ve

Single Supply Mode Or
Veg > Ve

Vo o Battery

(1] Backed !
Stabilized
Osclllator
Supply

To
Prescaler

OSP(; IN 0sC 'OUT
in II]I l Pin
XTAL
< o

External
Components

TL/F/11416-8
FIGURE 4. Oscillator Circuit Diagram

Rour
XTAL Co Ct (Switched
Internally)
32/32.768 kHz | 47 pF | 2 pF-22 pF | 150 k€ to 350 k2
4.194304 MHz | 68 pF | 0 pF-80 pF | 5000 to 9000
4.9152 MHz 68 pF | 29 pF-49 pF | 5000 to 9000

INTERRUPT LOGIC FUNCTIONAL DESCRIPTION

The TCP has the ability to coordinate processor timing ac-
tivities. To enhance this, an interrupt structure has been im-
plemented which enables several types of events to cause
interrupts. Interrupts are controlled via two Control Regis-
ters in block 1 and two Status Registers in block 0. (See
Register Description for notes on paging and also Figure 5
and Table I.)

The interrupts are enabled by writing a one to the appropri-
ate bits in Interrupt Control Register 0 and/or 1. Any of the
interrupts can be routed to either the INTR pin or the MFO
pin, depending on how the Interrupt Routing register is pro-
grammed. This, for example, enables the user to dedicate
the MFO as a non-maskable interrupt pin.to the CPU for
power failure detection and enable all other interrupts to
appear on the INTR pin. The polarity for the active interrupt
can be programmed in the Output Mode Register for either
active high or low, and open drain or push pull outputs.

TABLE . Registers that are Applicable
to Interrupt Control

Register | Page
Register Name Select Select Address

Main Status Register X X 00H
Periodic Flag Register 0 0 03H
lnterruPt Routing 0 0 04H

Register
Interrupt Control

Register 0 ! 0 03H
Interrupt Control 1 0 04H

Register 1
Output. Mode 1 0 02H

Register

The Interrupt Status Flag DO, in the Main Status Register,
indicates the state of INTR and MFO outputs. It is set when
either output becomes active and is cleared when all TCP
interrupts have been cleared and no further interrupts are
pending (i.., both INTR and MFO are returned to their inac-
tive state). This flag enables the TCP to be rapidly polled by
the uP to determine the source of an interrupt in a wired—
OR interrupt system. '

Note that the Interrupt Status Flag will only monitor the state
of the MFO output if it has been configured as an interrupt
output (see Output Mode Register description). This is trus,
regardless of the state of the Interrupt Routing Register.
Thus the Interrupt Status Flag provides a true reflection of
all conditions routed to the external pins.

Status for the interrupts are provided by the Main Status
Register and the Periodic Flag Register. Bits D1-D5 of the
Main Status Register are the main interrupt bits.

These register bits will be set when their associated timing
events occur. Enabled Alarm or Timer interrupts that occur
will set its Main Status Register bit to a one. However, an
external interrupt will only be generated if the appropriate
Alarm or Timer interrupt énable bits are set (see Figure 5).

Disabling the periodic bits will mask the Main Status Regis-
ter periodic bit, but not the Periodic Flag Register bits. The
Power Fail Interrupt bit is set when the interrupt is enabled
and a power fail event has occurred, and is not reset until
the power is restored. If all interrupt enable bits are 0 no
interrupt will be asserted. However, status still can be read
from the Main Status Register in a polled fashion (see Fig-
ure 5).

To clear a flag in bits D2-D5 of the Main Status Register a 1
must be written back into the bit location that is to be
cleared. For the Periodic Flag Register reading the status
will reset all the periodic flags. :
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Functional Description (continued)

Interrupts Fall Into Four Categories:

1. The Timer Interrupts: For description see Timer Section.

2. The Alarm Compare Interrupt: Issued when the value in
the time compared RAM equals the counter.

3. The Periodic Interrupts: These are issued at every incre-
ment of the specific clock counter signal. Thus, an inter-
rupt is issued every minute, second, etc. Each of these
interrupts occurs at the roll-over of the specific counter.

4. The Power Fail Interrupt: Issued upon recognition of a
power fail condition by the internal sensing logic. The
power failed condition is determined by the signal on the

PFAIL pin. The internal power fail signal is gated with the

chip select signal to ensure that the power fail interrupt
does not lock the chip out during a read or write.

ALARM COMPARE INTERRUPT DESCRIPTON

The alarm/time comparison interrupt is a special interrupt
similar to an alarm clock wake up buzzer. This interrupt is
generated when the clock time is equal to a value pro-
grammed into the alarm compare registers. Up to six bytes
can be enabled to perform alarm time comparisons on the
counter chain. These six bytes, or some subset thereof,
would be loaded with the future time at which the interrupt
will occur. Next, the appropriate bits in the Interrupt Control
Register 1 are enabled or disabled (refer to detailed descrip-
tion of Interrupt Control Register 1). The TCP then com-
pares these bytes with the clock time. When all the enabled
compare registers equal the clock time an alarm interrupt is
issued, but only if the alarm compare interrupt is enabled
can the interrupt be generated externally. Each alarm com-
pare bit in the Control Register will enable a specific byte for
comparison to the clock. Disabling a compare byte is the
same as setting its associated counter comparator to an
“‘always equal” state. For example, to generate an interrupt
at 3:15 AM of every day, load the hours compare with 0 3
(BCD), the minutes compare with 1 5 (BCD) and the faster
counters with 0 0 (BCD), and then disable all other compare
registers. So every day when the time rolls over from
3:14:59.99, an interrupt is issued. This bit may be reset by
writing a one to bit D3 in the Main Status Reglster at any
time after the alarm has been generated.

If time comparison for an individual byte counter is disabled,
that corresponding RAM location can then be used as gen-
eral purpose storage.

PERIODIC INTERRUPTS DESCRIPTION

The Periodic Flag Register contains six flags which are set
by real-time generated “ticks” at various time intervals, see
Figure 5. These flags constantly sense the periodic signals
and may be used whether or not interrupts are enabled.
These flags are cleared by any read or write operation per-
formed on this register.

To generate periodic interrupts at the desired rate, the asso-
ciated Periodic Interrupt Enable bit in Interrupt Control Reg-
ister 0 must be set. Any combination of periodic interrupts
may be enabled to operate simultaneously. Enabled period-
ic interrupts will now affect the Periodic Interrupt Flag in the
Main Status Register. The Periodic Route bit in the Interrupt
Routing Register is used to route the periodic interrupt
events to either the INTR output or the MFO output.

When a periodic event occurs, the Periodic Interrupt Flag in
the Main Status Register is set, causing an interrupt to be
generated. The pP clears both flag and interrupt by writing a
“1" to the Periodic Interrupt Flag. The individual flags in the
periodic Interrupt Flag Register do not require clearing to
cancel the interrupt.

If all periodic interrupts are disabled and a periodic interrupt
is left pending (i.e., the Periodic Interrupt Flag is still set), the
Periodic Interrupt Flag will still be required to be cleared to
cancel the pending interrupt.

POWER FAIL INTERRUPTS DESCRIPTION

The Power Fail Status Flag in the Main Status Register
monitors the state of the internal power fail signal. This flag

_may be interrogated by the uP, but it cannot be cleared; it is

cleared automatically by the TCP when system power is
restored. To generate an interrupt when the power fails, the
Power Fall Interrupt Enable bit in Interrupt Control Register
1 is set. ‘

The Power Fail Route bit determines which output the inter-
rupt will appear on. Although this interrupt may not be
cleared, it may be masked by clearing the Power Fail Inter-
rupt Enable bit.

POWER FAILURE CIRCUITRY FUNCTIONAL
DESCRIPTION

Since the clock must be operated from a battery when the
main system supply has been turned off, the LV8571A pro-
vides circuitry to simplify design in battery backed systems.
This circuitry switches over to the back up supply, and iso-
lates the LVB8571A from the host system. Figure 6 shows a
simplified block diagram of this circuitry, which consists of
three major sections; 1) power loss logic: 2) battery switch
over logic: and 3) isolation logic.

Detection of power loss occurs when PFAIL is low. De-
bounce logic provides a 30 ps-63 us debounce time, which
will prevent noise on the PFAIL pin from being interpreted
as a system failure. After 30 us—-63 ps the debounce logic
times out and a signal is generated indicating that system
power is marginal and is failing. The Power Fail Interrupt will
then be generated.

3-33

Vi98A10




€€

LV8571A

Interrupt Control Registers Main Status Interrrupt Control

Interrupt Routing

M
c
; : - =3
Register Registers Register 0
- N OQutput Mode Register - [
— : Control Register (o]
D -1 _/ / I Buffered Oscillator - Bits =3
Real c - L. - a
Timer . T — Timer 0 -
Periodic —1_JPeriodic - —_— (w)
P Inter- [1]
ulse — ¢ »
Signals —11."° (1]
(also to a1 Enables | | Pericdic Periodic’ MFO =
iodi Status » Route AN > y : b o]
Periodic —>| Signal
Flags) _/— Bit Bit S/ MgUX - MFO Output [~
1 - o
: . =3
: - Output o
_/_ . Alarm . Alarm Alarm - Buffer S
L] Status  [d»] interrupt HHP] - Route Interrupt s
Alarm hAIarm - . Bit - Enable Bit SI:Odted s
Compare pare I electe &
Signals Enables I
/ 1 ' Timer 0 Timer 0 -Timer 0
Status =1 interrupt [=Hi»| Route
B Bit Enable Bit
Timer 0 : _/_
Interrupt
1 Timer 1 Timer 1 -» Timer 1
. Status [—4=4»] interrupt = Route
Timer 1 Bit Enable gt |
Interrupt -/_ : -
Power Power Fail Power Fail I\ I\ INTRbu!put
Fail interrupt TT"]  Route
Status Bit Enable Bit L
Power Y . Output
Fail e Buffer
Interrupt
Status
Bit - —({
- -

FIGURE 5. Interrupt Control Logic Overview

TL/F/11416-9




Functional Description (continued)
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FIGURE 6. System-Battery Switchover (Upper Left), Power Fall

TL/F/11416-10

and Lock-Out Circuits (Lower Right)

The user may choose to have this power failed signal lock-
out the TCP's data bus within 30 ps min/63 ps max or to
delay the lock-out to enable uP access after power failure is
detected. This delay is enabled by setting the delay enable
bit in the Routing Register. Also, if the lock-out delay was
not enabled the TCP will disconnect itself from the bus with-
in 30 us min — 63 us max. If chip select is low when a
power failure is detected, a safety circuit will ensure that if a
read or write is held active continuously for greater than
30 ps after the power fail signal is asserted, the lock-out will
be forced. if a lock-out delay is enabled, the LV8571A will
remain active for 480 pus after power fail is detected. This
will enable the pP to perform last minute bookkeeping be-
fore total system collapse. When the host CPU is finished
accessing the TCP it may force the bus lock-out before
480 ps has elapsed by resetting the delay enable bit.

The battery switch over circuitry is completely independent
of the PFAIL pin. A separate circuit compares Vcg to the
Vpg voltage. As the main supply fails, the TCP will continue
to operate from the Vg pin until Vg falls below the Vgg
voltage. At this time, the battery supply is switched in, Vcg is
disconnected, and the device is now in the standby mode. If
indeterminate operation of the battery switch over circuit is
to be avoided, then the voltage at the Vg pin must not be
allowed to equal the voltage at the Vgp pin.

After the generation of a lock-out signal, and eventual
switch in of the battery supply, the pins of the TCP will be
configured as shown in Table Il. Outputs that have a pull-up
resistor should be connected to a voltage no greater than

VBB. ‘
TABLE Il. Pin Isolation during a Power Failure

Pin PFAIL = Standby Mode
Logic 0 Vee > Vee

CS,RD,WR Locked Out Locked Out
A0-A4 Locked Out Locked Out
Do-D7 Locked Out Locked Out

Oscillator Not Isolated Not Isolated

PFAIL Not Isolated Not Isolated
INTR, MFO Not Isolated Open Drain

The Timer and Interrupt Power Fail Operation bits in the
Real-Time Mode Register determine whether or not the tim-
ers and interrupts will continue to function after a power fail
event.

As power returns to the system, the battery switch over cir-
cuit will switch back to Vcg power as soon as it becomes
greater than the battery voltage. The chip will remain in the
locked out state as long as PFAIL = 0. When PFAIL = 1
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Functional Description (continued)

the chip is unlocked, but only after another 30 ps min —
63 ps max debounce time. The system designer must en-
sure that his system is stable when power has returned.

The power fail circuitry contains active linear circuitry that
draws supply current from Vgg. In some cases this may be
undesirable, so this circuit can be disabled by masking the
power fail interrupt. The power fail input can perform all
lock-out functions previously mentioned, except that no ex-
ternal interrupt will be issued. Note that the linear power fail
circuitry is switched off automatlcally when using Vgg in
standby mode.

LOW BATTERY, INITIAL POWER ON DETECT, AND
POWER FAIL TIME SAVE

There are three other functions provided on the LV8571A to
ease power supply control. These are an initial Power On
detect circuit, which also can be used as a time keeping
failure detect, a low battery detect circuit, and a time save
on power failure.

On initial power up the Oscillator Fall Flag will be set to a
one and the real time clock start bit reset to a zero. This
indicates that an oscillator fail event has occurred, and time
keeping has failed. '

The Oscillator Fail flag will not be reset until the real-time
clock is started. This allows the system to discriminate be-
tween an initial power-up and recovery from a power failure.
If the battery backed mode is selected, then bit D6'of the

Periodic Flag Register must be written low. This will not af- .

fect the contents of the Oscillator Fail Flag.

Another status bit is the low battery detect. This bit is set
only when the clock is operating under the Vgg.pin, and
when the battery voltage is determined to be less than 2.1V
(typical). When the power fail interrupt enable’bit is low, it
disables the power fail circuit and will also shut off the low
battery voltage detection circuit as well. .

To relieve CPU overhead for saving time upon power failure,

‘the Time Save Enable bit is provided to do this automatical-

ly. (See also Reading the Clock: Latched Read.) The Time

.Save Enable bit, when set, causes the Time Save RAM to
follow the contents of the clock. This bit can be reset by

software, but if set before a power failure occurs, it will auto-
matically be reset when the clock switches to the battery

;supply (not when a power failure is detected by the PFAIL

pin). Thus, writing a one to the Time Save bit enables botha
software write or power fail write. -

SINGLE POWER SUPPLY APPLICATIONS

The LV8571A can be used in a single power supply applica-
tion. To achieve this, the Vgg pin must be-connected to
ground, and the power connected to Vg and PFAIL pins.
The Oscillator Failed/Single Supply bit in the Periodic Flag
Register should be set to a logic 1, which will disable the
oscillator battery reference circuit. The power fail interrupt
should also be disabled. This will turn off the linear power
fail detection circuits, and will eliminate any quiescent power
drawn through these circuits. Until the crystal select bits are
initialized, the LV8571A may consume about 50 pA due to
arbitrary oscillator selection at power on.

(This extra 50 pA is not consumed if the battery backed
mode is selected).
TIMER FUNCTIONAL DESCRIPTION

The LVB8571A contains 2 independent multi-mode timers.
Each timer is composed of a 16-bit negative edge triggered

binary down counter and assocnated control The operatnon

" is similar to exlstlng uP peripheral timers except that several

features have been:enhanced. The timers can operate in
four modes, and in addition, the input clock frequency can
be selected from a prescaler over-a wide range of frequen-
cies. Furthermore, these timers are capable of generating
interrupts and the Timer O output signal is available as a
hardware output via the MFO pin. Timer 1 output, however,
is not available as a hardware output signal. Both the inter-

" rupt and MFO outputs are fully programmable active high, or

low, open drain, or push-pull.

Figure 7 shows the functional block diagram of one of the
timers. The timer consists of a 16-bit counter, two 8-bit input
registers, two 8-bit output registers, clock prescaler, mode
control logic, and output control logic. The timer and the
data registers are organized as two bytes for each timer.
Under normal operations a read/write to the timer locations
will read or write to the data input register. The timer con-
tents can be read by setting the counter Read bit (RD) in the
timer control register. '

TIMER INITIALIZATION

The timer's operation is controlled by a set of registers, as
listed in Table lll. These consist of 2 data input registers and
one control register per timer. The data input registers con-

“tain the timers count down value. The Timer Control Regis-
ter is-used to set up the mode of operation and the input

. clock rate. The timer related interrupts can be controlled by

programming the Interrupt Routing Register and Interrupt
Control Register 0. The-timer outputs are configured by the
Output Mode Register. .

TABLE Ill. Timer Associated Registers .

Co Register | Page

Register Name select | Select Address
Timer 0 Data MSB x. | o 10H
Timer 0 Data LSB X . 0 OFH -
Timer 0 Control Register 0 -0 01H
Timer 1" Data MSB X w0 12H
Timer 1 Data LSB X i 0 11H
Timer 1 Control Register | . 0 ¥ 02H
‘Interrupt Routing Register 0 .0 04H
Interrupt Controi Reg. 0. |. = 1! 0 CO03H
Output Mode Register 1 0 02H

All these registers must be initialized prior to starting the
timer(s). The Timer Control Register should first be set to
select the timer mode with the timer start/stop bit reset.
Then when the timer'is to be started the control register
should be rewritten ldentlcally but with the start/stop bit set

TIMER OPERATION

Each timer is capable of operation in one of four modes As
mentioned, these modes are programmed in each timer’s
Control Register which is described later. All four modes
operate in a similar manner. They operate on the two 8-bit
data words stored into the Data Input Register. At the begin-
ning of a counting cycle the 2 bytes are loaded into the timer
and the timer commences counting down towards zero. The
exact action taken when zero is reached depends on the
mode selected, but in general, the timer output will change
state, and an interrupt will be generated if the timer inter-
rupts are unmasked.

3-36




Functional Description (continued)

INPUT CLOCK SELECTION

The input frequency to the timers may be selected. Each
timer has a prescaler that gives a wide selection of clocking
rates. Table IV shows the range of programmable clocks
available and the corresponding setting in the Timer Control
Register. Note that the output of Timer 1 may be used as
the input to Timer 0. This is a cascade option for the timers
and allows them to be clocked as a 32-bit down counter.

TABLE IV. Programmable Timer Input Clocks
c2 c1 co Selected Clock

0 0 0 Timer 1 Output
.0 0 1 Crystal Oscillator
0 1 0 (Crystal Oscillator)/4 - .
0 A 1 93.5 us (10.7 kHz)
1 0 0 1 ms (1 kHz)
1 0 1 10 ms (100 Hz) )
1 1 0 1/10 Second (10 Hz)
1 1 1 1 Second (1 Hz)

Note that the second and third selections are not fixed fre-
quencies, but depend on the crystal oscillator frequency
chosen. ' ' ’

Since the input clock frequencies are usually running asyn-
chronously to the timer Start/Stop control bit, a 1 clock cy-
cle error may result. This error results when the Start/Stop
occurs just after the clock edge (max error). To minimize
this error on all clocks an independent prescaler is used for
each timer and is designed so that its Start/Stop error is
less than 1 clock cycle.

The count hold/gate bit in the Timer Control Register can
be used to suspend the timer operation in modes 0, 1, and 2

(in mode 3 it is the trigger input). Suspending the tim- ‘

Internal Data Bus

er causes the same synchronization error that starting the
timer does. The range of errors is specified in Table V.

TABLE V ‘Maxlmum Synchronization Errors

Clock Selected Error
External + Ext. Clock Period )
Crystal +1 Crystal Clock Period
Crystal/4 +1 Crystal Clock Period
10.7 kHz © +32ps
1 kHz +32 ps
100 Hz +32 ps
10Hz . ) +32 us
1Hz o . +32 ps

MODES OF OPERATION

Bits MO and M1 in the Timer Control Registers are used to
specify the modes of operation. The mode selection is de-
scribed in Table VI. '

" TABLE VI. Programmable Timer Modes of Operation

M1 | MO Function Modes
0 0 Single Pulse Generator Mode 0
0 1 Rate Generator, Pulse Output | Mode 1
1 0 Square Wave Output "Mode 2
10 1 Retriggerable One Shot Mode 3

MODE 0: SINGLE PULSE GENERATOR

When the timer is in this mode the output will be initially low
if the Timer Start/Stop bit is low (stopped). When this mode
is initiated the timer output will go high on the next falling

- edge of the prescaler’s input clock, the contents of the
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FIGURE 7. LV8571A Timer Block Diagram
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Functional Description (continued)

input data registers are loaded into the timer. The output will
stay high until the counter reaches zero. At zero the output
is reset. The result is an output puise whose duration is
equal to the input clock period times the count value (N)
loaded into the input data register. This is shown in Figure 8.
Pulse Width = Clock Period X N

An interrupt is generated when the zero count is reached.
This can be used for one-time interrupts that are set to oc-

icur a certain amount of time in the future. In this mode the

Timer Start/Stop bit (TSS) is automatically reset upon zero
detection. This removes the need to reset TSS before start-
ing another operation.

The count down operation may be temporarily suspended
either under software control by setting the Count Hold/
Gate bit in the timer register high, or in hardware by setting
the GO or G1 pin high.

The above discussion assumes that the MFO output is pro-
grammed to be non-inverting outputs (active high). If the
polarity of the output waveform is wrong for the application
the polarity can be reversed by configuring the Output Mode
Register. The drive configuration can also be programmed
to be push pull or open drain.

MODE 1: RATE GENERATOR

When operating in this mode the timer will operate continu-
ously. Before the timer is started its output is low. When the
timer is started the input data register contents are loaded
into the counter on the negative clock edge and the output
is set high (again assuming the Output Mode Register is
programmed active high). The timer will then count down to
zero. Once the zero count is reached the output goes low

RERIEE 2|

Internal
Counter
Clock

for one clock period of the timer clock. Then on the next
clock the counter is reloaded automatically and the count-
down repeats itself. The output, shown in Figure 9, is a
waveform whose pulse width and period is determined by N,
the input register value, and the input clock period:
Period = (N + 1) (Clock Period)
Pulse Width = Clock Period

Again, the output polarity is controllable as in mode 0. If
enabled, an interrupt is generated whenever the zero count
is reached. This can be used to generate a periodic inter-
Tupt.

MODE 2: SQUARE WAVE GENERATOR

This mode is also cyclic but in this case a square wave
rather than a pulse is generated. The output square wave
period is determined by the value loaded into the timer input
register. This period and the duty cycle are:

Period = 2(N + 1) (Clock Period) Duty Cycle = 0.5
When the timer is stopped the output will be low, and when
the Start/Stop bit is set high the timer's counter will be load-
ed on the next clock falling transition and the output will be
set high.

The output will be toggled after the zero count is detected
and the counter will then be reloaded, and the cycle will
continue. Thus, every N + 1 counts the output gets toggled,
as shown in Figure 10. Like the other modes the timer oper-
ation can be suspended by setting the count hold/gate bit
(CHG) in the Timer Control Register. An interrupt will be
generated every falling edge of the timer output, if enabled.

2 1 ]o | .
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Count Hold/ !
Timer
Output
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FIGURE 8. Typlcal Waveforms for Timer Mode 0
(MFO Output Programmed Active High)
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FIGURE 9. Timing Waveforms for Timer Mode 1
(MFO Output Programmed Active High)
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Functional Description (continued)
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FIGURE 10. Timing Waveforms for Timer Mode 2
(MFO Output Programmed Active High)

MODE 3: RETRIGGERABLE ONE SHOT

Once the timer Start/Stop bit is set the output stays inac-
tive, and nothing happens until the Count Hold/Gate (CHG)
bit is set in the timer.control register. When a transition
ocurs the one shot output is set active immediately; the
counter is loaded with the value in the input register on the
next transition of the input clock and the countdown begins.
If a retrigger occurs, regardless of the current counter value,
the counters will be reloaded with the value in the input
register and the counter will be restarted without changing
the output state. See Figure 71. A trigger count can occur at
any time during the count cycle. In this mode the timer will
output a single pulse whose width is determined by the val-
ue in the input data register (N) and the input clock period.
. Pulse Width = Clock Period X N

The timer will generate an interrupt only when it reaches a
count of zero. This timer mode is useful for continuous
“watch dog™ timing, line frequency power failure detection,
etc.

READING THE TIMERS

Normally reading the timer data register addresses, OFH
and 10H for Timer 0 and 11H and 12H for Timer 1 will result
in reading the input data register which contains the preset
value for the timers. During timer operation it is often useful
to read the contents of the 16-bit down counter. This read-
ing may be an erroneous value of FFFFH.

To read a timer, the uP first sets the timer read bit in the
appropriate Timer Control Register high. This will cause the
counter’s contents to be latched to 2-8 bit output registers,
and will enable these registers to be read if the uP reads the
timer’s input data register addresses. On reading the LSB
byte the timer read bit is internally reset and subsequent
reads of the timer locations will return the input register val-
ues.

DETAILED REGISTER DESCRIPTION

There are 5 external address bits: Thus, the host microproc-
essor has access to 32 locations' at one time. An internal
switching scheme provides a total of 67 locations.

This complete address space is organized into two pages.
Page 0 contains two blocks of control registers, timers, real
time clock counters, and special purpose RAM, while page
1 contains general purpose RAM. Using two blocks enables
the 9 control registers to be mapped into 5 locations. The
only register that does not get switched is the Main Status
Register. It contains the page select bit and the register
select bit as well as status information.

A memory map is shown in Figure 2 and register addressing
in Table VII. They show the name, address and page loca-
tions for the LVB571A.

lofslzft]ofo]s]z]s]2f[1]o]

. Internal
Counter
Clock

T UUUUUUII

Timer

Start/Stop _I

. Count Hold/ . .
Gate Bit

N

1T

Timer
Output

S A S

L

TL/F/11416-15

FIGURE 11. Timing Waveforms for Timer Mode 3, MFO Output Programmed Active High
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Functional Description (continued)
TABLE VII. Register/Counter/RAM

Addressing for LV8571A
PS . RS
AG-4 | ote 1)|(Note 2) Description
CONTROL REGISTERS
00 X X Main Status Register
01 |- 0 0 Timer 0 Control Register
02 0 0 |Timer 1 Control Register
03 | O 0 Periodic Flag Register
04 - 0 0 Interrupt Routing Register
01 0 1 Real Time Mode Register
02 0 1 Output Mode Register
03 "0 1 Interrupt Control Register 0
04 0 1 Interrupt Control Register 1 -
COUNTERS (CLOCK CALENDAR)
05 0 X 1/100, 1/10 Seconds (0-99)
06 0 X Seconds (0-59)
07 0 X |Minutes (0-59)
08 0 X . |Hours (1-12,0-23)
09 0 X Days of
. - Month | (1-28/29/30/31)
OA 0 X Months (1-12)
0B 0 X Years . (0-99)
0c 0 X [Julian Date (LSB) (1-99)
[1]s] 0 X [Julian Date (0-3)
OE 0 X Day of Week (1-7)
TIMER DATA REGISTERS
oF 0 X Timer 0 LSB
10 0 X |Timer 0 MSB
1 0 X |Timer 1LSB
12 0 X Timer 1 MSB
TIME COMPARE RAM
13 0 X Sec Compare RAM  (0-59)
14 0 X Min Compare RAM  (0-59)
15 0 X Hours Compare
RAM (1-12,0-23)
16 0 X DOM Compare
RAM (1-28/29/30/31)
17 0 X Months Compare
RAM (1-12)
18 0 X DOW Compare RAM (1-7)
TIME SAVE RAM
19 0 X Seconds Time Save RAM
1A 0 X Minutes Time Save RAM
1B 0 X Hours Time Save RAM
1iC 0 X Day of Month Time Save RAM
1D 0 X Months Time Save RAM
1E 0 1 RAM
1F 0 X RAM/Test Mode Register
01-1F 1 X 2nd Page General Purpose RAM

1 PS—Page Select (Bit D7 of Main Status Register)
2 RS—Register Select (Bit D6 of Main Status Register)

MAIN STATUS REGISTER
LPs | Rs| T1] 7o | AL [Per] PFINT]

DO Interrupt Status

Power Fail Interrupt

D2 Period Interrupt

— D3 Alarm Interrupt

D4 Timer O Interrupt

D5 Timer 1 Interrupt
D6 Register Select Bit

D7 Page Select Bit
TL/F/11416-16

o .

The Main Status Register is always located at address 0
regardless of the register block or the page selected.

DO: This read only bit is a general interrupt status bit that is
taken directly from the interrupt pins. The bit is a one when
an interrupt is pending on either the INTR pin or the MFO
pin (when configured as an interrupt). This is unlike D3-D5
which can be set by an internal event but may not cause an
interrupt. This bit is reset when the interrupt status bits in the
Main Status Register are cleared. :

D1-D5: These five bits of the Main Status Register are the
main interrupt status bits. Any bit may be a one when any of
the interrupts are pending. Once an interrupt is asserted the
1P will read this register to determine the cause. These
interrupt status bits are not reset when read. Except for D1,
to reset an interrupt a one is written back to the correspond-
ing bit that is being tested. D1 is reset whenever the PFAIL
pin = logic 1. This prevents loss of interrupt status when
reading the register in a polled mode. D1, D3-D5 are set
regardless of whether these interrupts are masked or not by
bits D6 and D7 of Interrupt Control Registers 0 and 1.

D6 and D7: These bits are Read/Write bits that control
which register block or RAM page is to be selected. Bit D6
controls the register block to be accessed (see memory
map). The memory map of the clock is further divided into
two memory pages. One page is the registers, clock and
timers, and the second page contains 31 bytes of general
purpose RAM. The page selection is determined by bit D7.
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Functional Description (continued)
TIMER 0 AND 1 CONTROL REGISTER

lcHel RO [ c2] c1 fcof m1] Mo]TSs|
L—00 Timer Start/Stop

fememeee 01 Mode Select

D2 Mode Select

D3 Input Clock Sefect

D4 Input Clock Select
D5 Input Clock Select
D6 Timer Read

D7 Count Hold/Gate
TL/F/11416-17

These registers control the operation of the timers. Each
timer has its own register.

DO: This bit will Start (1) or Stop (0) the timer. When the
timer is stopped the timer’s prescaler and counter are reset,
and the timer will restart from the beginning when started
again. In mode 0 on time out the TSS bit is internally reset.

D1 and D2: These control the count mode of the timers.
See Table VI.

D3-D5: These bits control which clock signal is applied to
the timer’s counter input. Refer to Table |V for details.

D6: This is the read bit. If a one is written into this location it
will cause the contents of the timer to be latched into a
holding register, which can be read by the uP at any time.
Reading the least significant byte of the timer will reset the
RD bit. The timer read cycle can be aborted by writing RD to
zero.

D7: The CHG bit has two mode dependent functions. in
modes 0 through 2 writing a one to this bit will suspend the
timer operation (without resetting the timer prescaler). How-
ever, in mode 3 this bit is used to trigger or re-trigger the
count sequence as with the gate pins. If retriggering is de-
sired using the CHG bit, it is not necessary to write a zero to
this location prior to the re-trigger. The action of further writ-
ing a one to this bit will re-trigger the count.

PERIODIC FLAG REGISTER

OSF | tms ] 10ms|100ms] 1s

DO minutes flag

D1 10 second flag

~D2 seconds flag

D3 100 millisec. flag

D4 10 millisec. flag

D5 mill flag

D6 Oscillator Failed/Single Supply

D7 Test Mode Enable
TL/F/11416-18

The Periodic Flag Register has the same bit for bit corre-

spondence as Interrupt Control Register 0 except for D&

and D7. For normal operation (i.e., not a single supply appli-

cation) this register must be written to on initial power up or

after an oscillator fail event. DO-D5 are read only bits, D6

and D7 are read/write.

DO0-D5: These bits are set by the real time rollover events:
(Time Change = 1). The bits are reset when the register is
read and can be used as selective data change flags.

Dé6: This bit performs a dual function. When this bit is read, a
one indicates that an oscillator failure has occurred and the
time information may have been lost. Some of the ways an
oscillator failure can be caused are: failure of the crystal,
shorting OSC IN or OSC OUT to GND or V¢g, removal of
crystal, removal of battery when in the battery backed mode
(when a “0" is written to D6), lowering the voltage at the
Vgg pin to a value less than 2.2V when in the battery
backed mode. Bit D6 is automatically set to 1 on initial pow-
er-up or an oscillator fail event. The oscillator fail flag is
reset by writing a one to the clock start/stop bit in the Real
Time Mode Register, with the crystal oscillating.

When D6 is written to, it defines whether the TCP is being
used in battery backed (normal) or in a single supply mode
application. When set to a one this bit configures the TCP
for single power supply applications. This bit is automatically
set on initial power-up or an oscillator fail event. When set,
D6 disables the oscillator reference circuit. The result is that
the oscillator is referenced to Vgg. When a zero is written to
D6 the oscillator reference is enabled, thus the oscillator is
referenced to Vgg. This allows operation in standard battery
standby appllcahons

At initial power on, if the LV8571A is going to be pro-
grammed for battery backed mode, the Vgg pin should be
connected to a potential in the range of 2.2V to Vgg-0.4V.
For single supply mode operation, the Vgg pin should be
connected to GND and the PFAIL pin connected to Vgg.
D7: Writing a one to this bit enables the test mode register
at location 1F (see Table VII). This bit should be forced to
zero during initialization for normal operation. If the test
mode has been entered, clear the test mode register before
leaving test mode. (See separate test mode application
note for further details.) .

INTERRUPT ROUTING REGISTER

L 7s | t8 [Pro]T1R[TORJALR] PRR]PFR]
LDO Power fail route

————D1 Periodic route

D2 Alarm route

D3 Timer O route

D4 Timer 1 route

D5 PF Delay Enable
D6 Low Bat(eryrflag

D7 Time Save Enable
TL/F/11416-19

DO0-D4: The lower 5 bits of this register are associated with
the main interrupt sources created by this chip. The purpose
of this register is to route the interrupts to either the MFO
(multi-function pin), or to the main interrupt pin. When any
bit is set the associated interrupt signal will be sent to the
MFO pin, and when zero it will be sent to the INTR pin.
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LV8571A

Functional Description (continued)

D5: The Delay Enable bit is used when a power fail occurs.
If this bit is set, a 480 ps delay is generated internally before
the pP interface is locked out. This will enable the uP to
access the registers for up to 480 ps after it receives a
power. fail interrupt. After a power failure is detected but
prior to the 480 ps delay timing out, the host uP may force
immediate lock out by resetting the Delay Enable bit. Note if
this bit is a 0 when power fails then after a delay of 30 ps
min/63 ps max the pP cannot read the chip.

D6: This read only bit is set and reset by the voltage at thé
Vgg pin. It can be used by the pP to determine whether the
battery voltage at the Vgp pin is getting too low. A compara-
tor monitors the battery and when the voltage is lower than
2.1V (typical) this bit is set. The power fail interrupt must be
enabled to check for a low battery voltage.

D7: Time Save Enable bit controls the loading of real-time-
clock data into the Time Save RAM. When a one is written
to this bit the Time Save RAM will follow the corresponding
clock registers, and when a zero is written to this bit the time
in the Time Save RAM'is frozen. This eliminates any syn-
chronizatioh problems when reading the clock, thus negat-
ing the need to check for a counter rollover during a read
cycle.

This bit must be set to a one prior to power failing to enable
the Time Save feature. When the power fails this bit is auto-
matically reset and the time is saved in the Time Save RAM.

REAL TIME MODE REGISTER

Lxt1] xto] 7PF] IPF [csS]12H] LY 1] LYo]

Ly

=3

Leap Year LSB

Leap Year MSB

D2 12/2_4 hour mode
D3 Clock Start/Stop
D
D!
—D
D

-

-

Interrupt PF Operation

o

Timer PF Operation

Crystal Frequency LSB

~

Crystal Frequency MSB
TL/F/11416-20

DO-D1: These are the leap year counter bits. These bits are
written to set the number of years from the previous leap
year. The leap year counter increments on December 31st
and it internally enables the February 29th counter state.
This method of setting the leap year allows leap year to
occur whenever the user wishes to, thus providing flexibility
in implementing Japanese leap year function.

LY1 LYo - Leap Year
Counter
0 0 Leap Year Current Year
0 1 Leap Year Last Year
1 0. Leap Year 2 Years Ago
1 1 . Leap Year 3 Years Ago

D2: The count mode for the hours counter can be set to
either 24 hour mode or 12 hour mode with AM/PM indicator.
A one will place the clock in 12 hour mode.

D3: This bit is the master Start/Stop bit for the clock. When
a one is written to this bit the real time counter’s prescaler
and counter chain are enabled. When this bit is reset to zero
the contents' of the real-time counter is stopped and the
prescaler is cleared. When the TCP is initially powered up
this bit will be held at a logic 0 until the oscillator starts
functioning correctly after which this bit may be modified. If
an oscillator fail event occurs, this bit will be reset to logic 0.

D4: This bit controls the operation of the interrupt output in
standby mode. If set to a one it allows Alarm, Periodic, and
Power Fail interrupts to be functional in standby mode. Tim-
er interrupts will also be functional provided that bit D5 is
also set. Note that the MFO and INTR pins are conﬁgured
as open drain in standby mode.

If bit D4 is set to a zero then interrupt control reglster 0 and
bits D6 ‘and D7 of interrupt control register 1 will be reset
when the TCP enters the standby mode. They will have to
be re-configured when system (Vo) power is restored. .
D5: This bit controls the operation of the timers in standby
mode. If set to a one the timers will continue to function
when the TCP is in standby mode. The input pins TCK, GO,
G1 are locked out in standby mode, and cannot be used. -
Therefore external control of the timers is not possible in
standby mode. Note also that MFO and T1.pins are auto-
matically reconfigured open drain during standby.

D6 and D7: These two bits select the crystal clock frequen-
cy as per the following table:

Crystal
Frequency

32.768 kHz
4.194304 MHz
4.9152 MHz
32.000 kHz

XT1.| XTo

0 0
0 .
1 0
1 1

All bits are Read/Write, and any mode written intqlthis regis-
ter can be determined by reading the register. On initial
power up these bits are random.

OUTPUT MODE REGISTER .
[mo w1 [ MPTMH] I’|.I-I|”TF"| TH]
I—DO RAM
+ b D1 . RAM

D2 INTR Active Hi/Tow

D3 INTR Push pull/Open Drain

D4 MFO Active Hi/Low

D5 MFO Push pull/Open Drain
- bs MFO pin as Timer 0

D7 ‘MFO Pin as Oscillator
: TL/F/11416-21
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Functional Description (continued)

DO and D1: These bits are available as general purpose
RAM.

D2: This bit, when set to a one makes the INTR output pin
active high, and when set to a zero, it makes this pin active
low.

D3: This bit controls whether the INTR pin is an open drain
or push-pull output. A one indicates push-pull.

D4: This bit, when set to a one makes the MFO output pin
active high, and when set to a zero, it makes this pin active
low.

DS5: This bit controls whether the MFO pin is an open drain
or push-pull output. A one indicates push-puill.

D6 and D7: These bits are used to program the signal ap-
pearing at the MFO output, as follows:

D7 | D6 MFO OQutput Signal

0 | 0 | 2nd Interrupt

0 [ 1 [ Timer 0 Waveform

1 | X | Buffered Crystal Oscillator

INTERRUPT CONTROL REGISTER 0

| 1s] MN!
00 Minutes enable

10 second snable

Liilto[ tm] tm]hm}

e )

D2 Seconds enable
D3 100 millisec enable
D4 10 millisec enable

D5 millisec enable
D6 Timer O enable

D7 Timer 1 enable
TL/F/11416-22
DO0-D5: These bits are used to enable one of the selected
periodic interrupts by writing a one into the appropriate bit.
These interrupts are issued at the rollover of the clock. For
example, the minutes interrupt will be issued whenever the
minutes counter increments. In all likelihood the interrupt
will be enabled asynchronously with the real time change.
Therefore, the very first interrupt will occur in less than the
periodic time chosen, but after the first interrupt all subse-

quent interrupts will be spaced correctly. These interrupts
are useful when minute, second, real time reading, or task
switching is required. When all six bits are written to a 0 this
disables periodic interrupts from the Main Status Register
and the interrupt pin.

D6 and D7: These are individual timer enable bits. A one
written to these bits enable the timers to generate interrupts
to the pP.

INTERRUPT CONTROL REGISTER 1

L PFe L ALofDOM] MO JDOM] HR] MN] SC
. DO Second compare enable
D1t Minute compare enable

D2 Hour compare enable

D3 Day of month enable

D4 Month compare enable

DS Day of week enable

D6 Alarm interrupt enable

07 Power fail interrupt enable
TL/F/11416-23

DO0-D5: Each of these bits are enable bits which will enable

- a comparison between an individual clock counter and its

associated compare RAM. If any bit is a zero then that
clock-RAM comparator is set to the “always equal” state
and the associated TIME COMPARE RAM byte can be used
as general purpose RAM. However, to ensure that an alarm
interrupt is not generated at bit D3 of the Main Status Regis-
ter, all bits must be written to a logic zero. )

D6: In order to generate an external alarm compare inter-
rupt to the P from bit D3 of the Main Status Register, this
bit must be written to a logic 1.

D7: The MSB of this register is the enable bit for the Power
Fail Interrupt. When this bit is set to a one an interrupt will
be generated to the uP when PFAIL = 0.

This bit also enables the low battery detection analog cir-
cuitry.

If the user wishes to mask the power fail interrupt, but utilize
the analog circuitry, this bit should be enabled, and the
Routing Register can be used to route the interrupt to the
MFO pin. The MFO pin can then be left open or configured
as the Timer 0 or buffered oscillator output.
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LV8571A

Control and Status Register Address Bit Map
D7 D6 D5 D4 D3 D2 Di Do
Main Status Register PS=0 RS =0 ADDRESS = 00H
. R/IW R/W R/W1 R/W1 . R/W1 R/W1 R2 R3
Page Register Timer 1 Timer 0 Alarm Periodic Power Fail Interrupt
Select Select Interrupt Interrupt Interrupt . Interrupt Interrupt Status .
Timer 0 Control Register PS = 0 RS = 0 Address = 01H
Count Hold" Timer Input Clock | Input Clock | Input Clock Mode Mode Timer
Gate Read SelectC2 -| Select C1 SelectCO | SelectM1 | SelectMO | Start/Stop
Timer 1 Control Register PS = 0 RS=0 Address = 02H
Count Hold Timer Input Clock | Input Clock | Input Clock Mode Mode Timer
Gate Read Select C2 Select C1 SelectCO | SelectM1 | SelectM0 | Start/Stop
Periodic Flag Register PS = 0 RS=0" Address = 03H
R/W R/W4 RS R5 RS RS RS RS
Test Osc. Fail/ 1ms 10ms 100 ms Seconds | 10 Second Minute
" Mode Single Supply Flag Flag Flag Flag Flag Flag
Interrupt Routing Register PS = 0 RS =0 Address = 04H ‘
R/W R6 R/W R/W R/W R/W R/W R/W
" Power Fail | * Timer1 Timer 0 Alarm Periodic Power Fail
Time Save | Low Batt
'E nabl ev owFl :g e Delay Int. Route Int. Route Int. Route Int. Route Int. Route
Enable | MFO/INT | MFO/INT | MFO/INT | MFO/INT | MFO/INT
Real Time Mode Register PS = 0 . RS =1 : Address = 01H
Crystal Crystal Timers EN | Interrupt EN Clock 12/Z4 Hr.. Leap Year | Leap Year
Freq. XT1 Freq. XTO | on Back-Up | on Back-Up | Start/Stop Mode MSB LSB
Output Mode Register PS = 0 RS =1 Address = 02H
MFO as MFO as MFO . MFO INTR INTR RAM.. RAM
Crystal Timer 0 PP/OD |Active HI/LO| PP/OD |Active HI/TO
Interrupt Control Register 0 PS = 0 RS =1 Address = O3H
Timer 1 Timer 0 1ms 10ms 100 ms Seconds 10 Second Minute
Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt -
Enable Enable Enable Enable Enable Enable Enable Enable
Interrupt Control Register 1 PS = 0 RS =1 Address = 04H
Power Fail Alarm DOW Month DOM Hours Minute Second
Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt
Enable Enable Enable Enable Enable Enable Enable Enable

~ 1.Resetby

writing
ttobit.

2. Set/reset by
voltage at
PFAIL pin.

3. Reset when
all pending
interrupts
are removed.

All Bits R/W

All Bits R/W

4. Read Osc falil
Write 0 Batt-
Backed Mode
Write 1 Single
Supply Mode

5. Reset by
positive edge
of read.

6. Set and reset
by Ves
voltage.

All Bits R/W

All Bits R/W

All Bits R/W

All Bits R/W
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Application Hints
Suggested initialization procedure for LV8571A in battery
backed applications that use the Vgg pin.

1.

Enter the test mode by writing a 1 to bit D7 in the Period-
ic Flag Register.

bit can be set only if the oscillator is running. During the
software loop, RAM, real time counters, output configu-
ration, interrupt control and timer functions may be ini-
tialized.

2. Write zero to the RAM/TEST mode Fiegister located in 6. Testbit DG in the Per.lOdI.C Flag _Reg'Ste"
page 0, address HEX 1F. . then sbort and check harcwars. The crystal may ba de-
3. Le_ave the test' mode by writing a 0 to bit D7 in the' Peri- fective or not installed. There may be a short at OSC IN
odic Flag Register. Steps 1, 2, 3 guarantee that if the or OSC OUT to Vg or GND, or to some impedance that
test mode had been entered during power on (due to is less than 10 MQ. ’
random pulses from the system), all test mode condi- N . .
tions are cleared. Most important is that the OSC Fail IF a 0, then the oscillator is running, go to step 7.
Disable bit is cleared. Refer to AN-589 for more informa- 7. Write a 0 to bit D6 in the Periodic Flag Register. This
tion on test mode operation. action puts the clock chip in the battery backed mode.
4. After power on (Vo and Vgg powered), select the cor- This mode can pe entered'only .|f the OSC.fall flag (bit
rect crystal frequency bits (D7, D6 in the Real Time D6 of the Periodic Flag Register) is a 0. Reminder, bit D&
Mode Register) as shown in Table 1. is a dual functlon. bit. When read, D6'returns oscillator
status. When written, D6 causes either the Battery
Table 1 Backed Mode, or the Single Supply Mode of operation.
Frequency D7 D6 The only method to ensure the chip is in the battery
32.768 KHz 0 0 backed mode is to measure the waveform at the OSC
. OUT pin. If the battery backed mode was selected suc-
4.194304 MHz 0 1 cessfully, then the peak to peak waveform at OSC OUT
4.9152 MHz 1 0 is referenced to the battery voltage. If not in battery
backed mode, the waveform is referenced to Vgg. The
32.0 KHz 1 1 measurement should be made with a high impedance
5. Enter a software loop that does the following: lowbcapat;:ntetmceTprqbel (mkhtm, 12 pF °S°'"°5°,‘t’r$e
Set a 3 second(approx) software counter. The crystal "Fg)Deo?:/ © :r?& g)rlgllﬁ\ad f:sap e:tisglil swings are within
oscillator may take 1 second to start. 8. Writ 1(16 bit D7 of Int e t.  Reaister 1. Thi
) ) . ] ] . Write a 1 to bi of Interrupt Contro! Register 1. This
5.1 Write a 1 to bit D3 in the Real Time Mods Reglstgr (ty action enables the PFAIL pin and associated circuitry.
to start the clock). Make sure the crystal select bits re- . .
main the same as in step 1. Under normal operation, this 9. Initialize the rest of the chip as needed.
Typical Application
) ' Main Supply R1® D1* Battery Supply
Vee, Ves %
C:-V'\ i L=
34
PFAIL j¢=———— A low going user
generated power
/ '\ : . Lall ligns{ :’h:uh‘ih
- 6 presented to the
‘o_ e Address Bu y N o A0-A4 LV8.57 1A PFAIL pin.
@ \I—D Timer
a A Clock ™
g K Dats Bus -+ oc | % 2-22pF
= Peripheral =
§. (}_ 00-D7 N D0-07 P _J 32,768 kHz
(4]
S A—N | 0sC out
= \‘c“‘_“""‘/ N w 47pF
< RD, WR, INT y WR T
INTR
4] NFO
GND
i gy W B B TL/F/11416-24
*These comp its may be y to mest UL req for lithium Consult battery manufacturer.
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LV8571A

Typical Performance Characteristics

Operating Current vs
Supply Voltage (TBD)
(Single Supply Mode
Fosc = 32.768 kHz)

160

140

lee (ﬂA)

120

20 30 40 5.0 6.0
Ve (Volts)
TL/F/11416-25

Standby Current vs Power B
Supply Voltage
(Fosc = 32.768 kHz)

12 /

4 / ‘

-/,

|99 (“A)

2.0 2.5 30 35 4.0 45
Vgg (Volts)
TL/F/11416-27 .

lec (#A)

Igg (uA)

Operating Current vs
Supply Voltage (TBD)
(Battery Backed Mode
Fosc = 32.768 kHz)
1400

1200

1000

800

600

20 3.0 4.0 5.0
Ve (Volts)

" Standby Current vs Power
Supply Voltage
(Fosc = 4.194304 MHz)

6.0

TL/F/11416-26

160 /'/
/
120
4
80

25 30 35 40
Vgg (Volts)

4.5

TL/F/11416-28
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MNational

Semiconductor

PRELIMINARY

LV8572A Low Voltage Real T|me Clock (RTC)

General Description

The LV8572A is intended for use in microprocessor based
systems where information is required for multi-tasking, data
logging or general time of day/date information. This device
is implemented in low voltage silicon gate microCMOS tech-
nology to provide low standby power in battery back-up en-
vironments. The circuit’s architecture is such that it looks
like a contiguous block of memory or I/0 ports. The address
space is organized as 2 software-selectable pages of 32
bytes. This includes the Control Registers, the Clock Coun-
ters, the Alarm Compare RAM, and the Time Save RAM..
Any of the RAM locations that are not being used for their

intended purpose may be used as general purpose CMOS -

RAM.

Time and date are maintained from 1/ 100 of a second to
year and leap year in a BCD format, 12 or 24 hour modes.
Day of week, day of month and.day of year counters are
provided. Time is controlled by an on-chip crystal oscillator
requiring only the addition of the crystal and two capacitors.
The choice of crystal frequency is program selectable.

Power failure logic and control functions have been mtegrat-
ed on chip. This logic is used by.the RTC to issue a power
fail interrupt, and lock out the pp interface. The time power
fails may be logged into RAM automatically when Vgg >

Vee. Additionally, two supply pins are provided. When
Ves > Vg, internal circuitry will automatically switch from
the main supply to the battery supply. Status bits are provid-
ed to indicate initial application of battery power, system
power, and low battery detect. (Continued)

Features
m 3.3V £10% supply
m Full function real time clock/calendar
— 12/24 hour mode timekeeping
— Day of week and day of years counters
— Four selectable oscillator frequencies
— Parallel resonant oscillator - )
m Power fail features '
— Internal power supply switch to external battery
— Power Supply Bus glitch protection
— Automatic log of time into RAM at power failure

- m On-chip interrupt structure

— Periodic, alarm, and power fail |nterrupts
m Up to 44 bytes of CMOS RAM
m MIL-STD-883C compliant
m SMD #5962-91641-01MJX (futun;e)

Block Diagram

0sC
out in

o Prescaler
Vgg—p]  Power v+ ' PFAIL
Supply :
— Switch B
Vee Logic . .
Real Time Power
cS > Clock Counters L?Iilc |
WR —>, . 9
iy I S R 0
’ Bus
- Logic A .
00-7 <:> 9 Internal Data Bus |
A
AO-4 @ J L @ v ‘ @
Alarm Compare Interrupt Control CMOS
and Time Save Logic . Registers RAM
RAM > N
INTR  MFO
' TL/F/11417-1
FIGURE 1
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LV8572A

Absolute Maximum Ratings (otes 1&2)

Specifications for the 883 version of this product are
listed separately.

Supply Voltage (Vcg)

DC Input Voltage (Vin)

DC Output Voltage (Vout)
Storage Temperature Range

—0.5V o +7.0V
~0.5V to Vg +0.5V
—0.5V to Voo + 0.5V

—65°Cto +150°C

Operation Conditions

Supply Voltage (Vcge) (Note 3)

(Vin. Vour)

Supply Voltage (Vgg) (Note 3)
. DC Input or Output Voltage

Operation Temperature (Ta)

Min Max Unit

- 3.0 3.6

22 Vgc—-04 V

00 . Vo

—40 +85 °C

Power Dissipation (PD) 500 mW Electr-Static Discharge Rating TBD 1 kv
Lead Temperature (Soldering, 10 sec.) 260°C Typical Values
. . N L 644 DIP Board
Socket
0)aPLCC  Board 80°C/W
: Socket. 88°C/W
DC Electrical Characteristics ‘
Vcc = 3.3V +£10%, Vgg = 2.5V, VBFAIL > ViH, CL = 100 pF (unless otherwise specified)
‘ Sl . Min . Max
Symbol . Parameter Conditions (Note 15) (Note 15) Units
Vi High Level Input Voltage Any Inputs Except OSC IN, 2.0 Vce +0.3 A
(Note 4) OSC IN with External Clock Vgg —0.2 v
Vi Low Level Input Voltage All Inputs Except OSC IN -0.3 0.8 v
. . OSC IN with External Clock -0.3 0.2 \4
VoH High Level Output Voltage loytr = —20 nA Ve —0,2 v
(Excluding OSC OUT) louT = —2.0mA 2.4 v
VoL Low Level Output Voltage lout = 20 pA 0.1 \
" (Excluding OSC OUT) lout = 20 mA 0.3 v
Y] Input Current (Except OSC IN) " VIN = Vggor GND +1.0 pA
loz Output TRI-STATE® Current Vout = Vcg or GND +5 nA
ILkG Output High Leakage Current Vout = Vcg or GND +5 A
MFO, INTR Pins Outputs Open Drain s
Icc Quiescent Supply Current Fosc = 32.768 kHz
(Note 7) VIN = Ve or GND (Note 5) 200 pA
VIN = Ve or GND (Note 6) 700 pA
Vin = Vg or V)L (Note 6) 8 mA
Fosc = 4.194304 MHz or
49152 MHz
ViN = Vg or GND (Note 6) 4 mA
VIN = Vi or V)L (Note 6) 6 mA
lcc Quiescent Supply Current Vg = GND
(Single Supply Mode) Vin = Voo or GND
(Note 7) Fosc = 32.768 kHz 20 pA
Fosc = 4.9152 MHz or 3 mA
4,194304 MHz
BB Standby Mode Battery Vecc = GND
Supply Current OSC OUT = open circuit,
(Note 7) other pins = GND
Fosc = 32.768 kHzpA 8 pA
Fosc = 4.9152 MHz or 400 pA
4194304 MHz -
IBLK Battery Leakage 2.2V < Vgg < 2.6V
‘ other pins at GND
Vce = GND, Vg = 2.6V 15 pA
Vcc = 3.6V, Vg = 2.2V -5 pA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.
Note 2: Unless otherwise specified all voltages are referenced to ground.
Note 3: For Fogc = 4.194304 or 4.9152 MHz, Vgg minimum = 2.8V. In battery backed mode, Vpg < Vcg —0.4V.

Single Supply Mode: Data retention voltage is 2.2V min.

In single Supply Mode (Power connected to Vg pin) 3.0V < Vg < 3.6.
Note 4: This parameter (V) is not tested on all pins at the same time.
Note 5: This specification tests Igc with all power fail circuitry disabled, by setting D7 of Interrupt Control Register 1 to 0.
Note 6: This specification tests Igg with all power fail circuitry enabled, by setting D7 of Interrupt Control Register 1 to 1.
Note 7: OSC IN is driven by a signal generator. Contents of the Test Register = 00(H) and the MFO pin is not configured as buffered oscillator out.
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-
AC Electrical Characteristics §
Vee = 3.3V £10%, Vgg = 2.5V, VAL > ViH, CL = 100 pF (unless otherwise specified) s

Symbol Parameter (N:ﬁ: 15) (Nxz’; 5) Units >

READ TIMING

tAR Address Valid Prior to Read Strobe 10 ns
thw Read Strobe Width (Note 8) 80 ns
tcp Chip Select to Data Valid Time 80 ns
tRAH Address Hold after Read (Note 9) 0 ns
trD Read Strobe to Valid Data 70 ns
tpz Read or Chip Select to TRI-STATE . R 70 ns
tacH Chip Select Hold after Read Strobe (Note 9) 0 ns
tos Minimum Inactive Time between Read or Write Accesses 40 ns
WRITE TIMING
taw Address Valid before Write Strobe 10 ns
twaH ~ Address Hold after Write Strobe (Note 9) 0 ns
tcw Chip Select to End of Write Strobe 60 ns
tww Write Strobe Width (Note 10) 50 ns
tow Data Valid to End of Write Strobe 40 ns
twDH Data Hold after Write Strobe (Note 9) 2 ns
tweH Chip Select Hold after Write Strobe (Note 9) - 0 ns
INTERRUPT TIMING .
tRoLL Clock Rollover to INTR Out s Typically 20 ps |

Note 8: Read Strobe width as used in the read timing table is defined as the period when both chip select and read inputs are low. Hence read commences when
both signals are low and terminates when either signal returns high.

Note 9: Hold time is guaranteed by design but not production tested. This limit is not used to calculate outgoing quality fevels.

Note 10: Write Strobe width as used in the write timing table is defined as the period when both chip select and write inputs are low. Hence write commences when
both signals are low and terminates when either signal returns high.

AC Test Conditions
Input Pulse Levels GND to 3.0V
Input Rise and Fall Times 6 ns (10%-90%)
Input and Output S; (Note 12)
Reference Levels 1.8v XCE [}
TRI-STATE Reference Active High +0.5V L 0}
Levels (Note 12) Active Low —0.5V
Note 11: C_ = 100 pF, includes jig and scope capacitance. Device R =1K 0
Note 12: S1 = V(¢ for active low to high impedance measurements. Input Q=i Under Output
S1 = GND for active high to high impedance measurements. Tost
81 = open for all other timing measurements.
] o
Capacitance (1, = 25°C, = 1 MHz) $ (Note 11)
Parameter TL/F/11417-2
Symbol (Note 13) Typ Units
CiN Input Capacitance 5 pF
Cout Output Capacitance 7 pF

Note 13: This parameter is not 100% tested.
Note 14: Output rise and fall times 25 ns max {10%-90%) with 100 pF load.
Note 15: Room temperature values only.
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Timing Waveforms

Read Timing Diagram

AO-4

bR -
;‘co—’

"RAH$ .
- [
‘R QRCH -— *DS ‘
RD . W
| —
: R : :
DATA 4 . Valid Data %‘—
- oz TL/F/11417-3
Write Timing Diagram .
A0-4 \( .
/ ‘
I tew twen
= - \ ‘
*ij ' tyw o
WR
k f—ts
tow twou
DATA Velid Data

TL/F/11417-4
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General Description (continued)

The LVB572A’s interrupt structure provides three basic
types of interrupts: Periodic, Alarm/Compare, and Power
Fail. Interrupt mask and status registers enable the masking
and easy determination of each interrupt.

Pin Description

CS, RD, WR (Inputs): These pins interface to pP control
lines. The TS pin is an active low enable for the read and
write operations. Read and Write pins are also active low
and enable reading or writing to the RTC. All three pins are
disabled when power failure is detected. However, if a read
or write is in progress at this time, it will be allowed to com-
plete its cycle.

A0-A4 (Inputs): These 5 pins are for register selection.
They individually control which location is to be accessed.
These Inputs are disabled when power failure is detected.

OSC IN (Input): OSC OUT (Output): These two pins are
used to connect the crystal to the internal parallel resonant
oscillator. The oscillator is always running when power is
applied to Vpg and Vg, and the correct crystal select bits in
the Real Time Mode Register have been set.

MFO (Output): The multi-function output can be used as a
second interrupt output for interrupting the wP. This pin can
also provide an output for the oscillator. The MFO output is
configured as push-pull, active high for normal or single
power supply operation and as an open drain during stand-
by mode (Vgg > V). If in battery backed mode and a pull-
up resistor is attached, it should be connected to a voltage
no greater than Vgg.

INTR (Output): The interrupt output is used to interrupt the
processor when a timing event or power fail has occurred
and the respective interrupt has been enabled. The INTR
output is permanently configured active low, open drain. if in
battery backed mode and a pull-up resistor is attached, it
should be connected to a voltage no greater than Vgg.

DO-D7 (Input/Output): These 8 bidirectional pins connect
to the host uP's data bus and are used to read from and
write to the RTC. When the PFAIL pin goes low and a write
is not in progress, these pins are at TRI-STATE.

PFAIL (Input): In battery backed mode, this pin can have a
digital signal applied to it via some external power detection
logic. When PFAIL = logic 0 the RTC goes into a lockout
mode, in a minimum of 30 ps or a maximum of 63 us unless
lockout delay is programmed. In the single power supply
mode, this pin is not useableas an input and should be tied
to Vcg. Refer to section on Power Fail Functional Descrip-
tion. :

Vg (Battery Power Pin): This pin is connected to a back-
up power supply. This power supply is switched to the inter-
nal circuitry when the Vg becomes lower than Vgg. Utiliz-
ing this pin eliminates the need for external logic to switch in
and out the back-up power supply. If this feature is not to be
used then this pin must be tied to ground, the' RTC pro-
grammed for single power supply only, and power applied to
the Vg pin.

Vec: This is the main system power pin.

GND: This is the common ground power pin for both Vgg
and Veg.

Connection Diagrams

Dual-In-Line
34 1 Ve
RD =] 2 PFAIL
WR—{3 D7
A0 -{ 4 b3
Al=—]5 D5
A2—{6 D4
A3 —J 7 D3
Ad=18 D2
VBB -49 D1
0SC IN = Do
0SC OUT = INTR
GND = MFO
TL/F/11417-5
Top View
Order Number LV8572AN

See NS Package Number N24C

Plastic Chip Carrier
=
<

2lgleg Sl g

Lt .t 111
. 4 3 2 1 28727 26
A1—15 25f= D7
A2 =16 24— D6
A3 =7 23— D5
M—“ 22}~ D4
NC =19 21— b3
NC =—f 10 20— 02
Vgg {11 19— D1

12 13 14 15 16 17 18

rrrrrri

Z - Q Q 9 | o

o388 %35z °

8 g

o
TL/F/11417-6
Top View
Order Number LV8572AV

See NS Package Number V28A
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LV8572A

Functional Description

The LV8572A contains a fast access real time clock |nter-
rupt control logic, power fail detect logic, and CMOS RAM.
All functions of the RTC are controlled by a set of seven
registers. A simplified block diagram that shows the major
functional blocks is given in Figure 1.

The blocks are described in the following sections:
1. Real Time Clock )

2. Oscillator Prescaler

3. Interrupt Logic

4. Power Failure Logic

5. Additional Supply Management

Page Select=0

The memory map of the RTC Is shown in the memory-ad-
dressing table. The memory map-consists of two 31 byte
pages with 'a-main status register that:is.common to both
pages. A control bit in the Main Status Register is used to
select either page. Figure 2 shows the basic concept.
Page 0 contains all the clock timer functions, while page 1
has scratch pad RAM. The control registers are split into
two separate blocks to allow page 1 to be used enhrely as
scratch pad RAM. Again a control bit in the Maln Status
Register is used to select elther control register block.”

1F RAM/TEST Register Page Select=1 oo e
1E : RAM 1F RAM :
1D Months Time Save RAM 1E CorRAM ] iz :
1C | Day of Month Time Save RAM 1D - RAM oo Cot
1B Hours Time Save RAM 1C ’ RAM ’ o
1| Minutes Time Save RAM 18 RAM
19 Seconds Time Save RAM 1A RAM
18] Day of Week Compare RAM 19 L RAM
17 Months Compare RAM - 18] - RAM
16| Day of Month Compare RAM 171. RAM
“15] . Hours Compare RAM 16] .. - RAM )
‘14 Minutes Compare RAM 15 ) . RAM . N
13 Seconds Compare RAM 14 RAM
12 " N/A 13 RAM
1 -~ N/A 2l RaM - SR
10 N/A 1l RAM ’ o
oF : N/A 10 RAM )
0E] Day of Week Clock Counter OF .. RAM o B
0D] 100's Julian Clock Counter [1]3 RAM . O
0C| Units Julian Clock .Counter : 0D . RAM - ... IRV
0B Years Clock Counter oc [ RAM - I FRREI
0A Months Clock Counter 0B . RAM " LI B
09| Day of Month Clock Counter oAl - - RAM . - w
08 Hours Clock Counter 09 . ... RAM - : PRI
07 Minutes Clock Counter 08 : RAM ! 3
06 Seconds Clock Counter o7 ' RAM e
05 Y100 Second ; Counter o 06 " RAM o
I Lo esl RAM
‘ / \ e o4l - RAM . .
Register-Select = 0 Register Select =1 03 RAM
Time Save Control Register | 04 [interrupt Control Register- 1} ' 02 RAM e
Periodic Flag Register 03  [interrupt Control Register 0 101 RAM
N/A 02 Output Mode Register :
N/A 01 Real Time Mode Register ‘

00 | Main Status Register |}

FIGURE 2. LV8572A Internal Memory Map

TL/F/11417-7
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Functional Description (continued)
INITIAL POWER-ON of BOTH Vgg and Vcg - -

Vpg and Vcg may be applied in any sequence. In order for
the power fail circuitry to function correctly, whenever power
is off, the Vgc pin must see a path to ground through a
maximum of 1 MQ. The user should be aware that the con-
trol registers will contain random data. The first task to be
carried out in an initialization routine is to start the oscillator
by writing to the crystal select bits in the Real Time Mode
Register. If the LV8572A is configured for single supply
mode, an extra 50 uA may be consumed until the crystal
select bits are programmed. The user should also ensure
that the RTC is not in test mode (see register descriptions).

REAL TIME CLOCK FUNCTIONAL DESCRIPTION

As shown in Figure 2, the clock has 10 bytes of counters,
which count from 1/100 of a second to years. Each counter
counts in BCD and is synchronously clocked. The count se-
- quence of the individual byte counters within the clock is
shown later in Table VII. Note that the day of week, day of
month, day of year, and month counters all roll over to 1.
The hours counter in 12 hour mode rolls over to 1 and the
AM/PM bit toggles when the hours rolls over to 12
(AM = 0, PM = 1). The AM/PM bit is bit D7 in the hours
counter. :

All other counters roll over to 0. Also note that the day of
year counter is 12 bits long and occupies two addresses.
Upon initial application of power. the counters will contam
random information.

READING THE CLOCK: VALIDATED READ

Since clocking of the counter occurs asynchronously to
reading of the- counter; it is possible to read the counter
while it is being incremented (rollover). This may result in an
incorrect time reading. Thus to ensure a correct reading of
the entire contents of the clock (or that part of interest), it
must be read without a clock rollover occurring. In general
this can be done by checking a rollover bit. On this chip the
periodic interrupt status bits can serve this function. The
foIIowing program steps can be used to accomplish this.

1. Initialize program for reading clock. :

2. Dummy read of periodic status bit to clear it.

‘3. Read counter bytes and store.

4. Read rollover bn and test it.
"5l 1f rollover dccured go to3.

6. If no rollover, done.

To detect the rollover, individual penodlc status bits can be
polled. The periodic bit chosen should be equal to the high-
est frequency counter register to be read. That is if only
SECONDS. through HOURS counters -are- read, then the
SECONDS periodic bit should be used.

READING THE CLOCK: INTERRUPT DRIVEN

Enabling the periodic interrupt ‘maék bits cause interrupts
just as the clock rolis over. Enabling the desired update rate
and providing an interrupt service routine that executes in
less than 10 ms enables clock reading without checking for
a rollover.

READING THE CLOCK: LATCHED READ

Another method to read the clock that does not require
checking the rollover bit is to write a one into the Time

Frequency Yy

Save Enable bit (D7) of the Time Save Control Register, and
then to write a zero. Writing a one into this bit will enable the
clock contents to be duplicated in the Time Save RAM.
Changing the bit from a one to a zero will freeze and store
the contents of the clock in Time Save RAM. The time then
can be read without concern for clock rollover, since inter-
nal logic takes care of synchronization of the clock. Be-
cause only the bits used by the clock counters will be
latched, the Time Save RAM should be cleared prior to use
to ensure that random data stored in the unused bits do not
confuse the host microprocessor. This bit can also provide
time save at power failure, see the Additional Supply Man-
agement Functions section. With the Time Save Enable bit
at a logical 0, the Time Save RAM may be used as RAM if
the latched read function is not necessary.

INITIALIZING AND WRITING TO THE
CALENDAR-CLOCK

Upon initial application of power to the RTC or when making
time corrections, the time must be written into the clock. To
correctly write the time to the counters, the clock would
normally be stopped by writing the Start/Stop bit in the Real
Time Mode Register to a zero. This stops the clock from
counting and disables the carry circuitry. When initializing
the clock’s Real Time Mode Register, it is recommended
that first the various mode bits be written while maintaining
the Start/Stop bit reset, and then writing to the register a
second time with the Start/Stop bit set.

The above method is useful when the entire clock is being
corrected. If one location is being updated the clock need
not be stopped since this will reset the prescaler, and time
will be lost. An ideal example of this is correcting the hours
for daylight savings time. To write to the clock “on the fly”
the best method is to wait for the 1/100 of a second period-
ic interrupt. Then wait an additional 16 ps, and then write
the data to the clock. .

PRESCALER/OSCILLATOR FUNCTIONAL
DESCRIPTION

Feeding the counter chain is a programmable prescaler
which divides the crystal oscillator frequency to 32 kHz and
further to 100 Hz for the counter chain (see Figure 3). The
crystal frequency that can be selected are: 32 kHz, 32.768
kHz, 4.9152 MHz, and 4. 194304 MHz.

To Real Time Counters I

From
Oscillator

Pl 4.194/4.915MHz

Prescaler . divide
LJ 320

Sevlec’t 0 I ¥ J
’ l xd Pulse L MUX

L Subtractor

A 4

32.000KHz

l—p]

TL/F/11417-8
FIGURE 3. Programmable Clock Prescaler Block

V2.S8A1
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LV8572A

Functional Description (continued)

The oscillator is programmed via the Real Time Mode Reg-
ister to operate at various frequencies. The crystal oscillator
is designed to offer optimum performance at each frequen-
cy. Thus, at 32.768 kHz the oscillator is configured as a low
frequency and low power oscillator. At the higher frequen-
cies the oscillator inverter is reconfigured. In addition to the
inverter, the oscillator feedback bias resistor is included on
chip, as shown in Figure 4. The oscillator input may be driv-
en from an external source if desired. Refer to test mode
application note for: details. The oscillator stability is en-
hanced through the use of an on chip regulated power sup-
ply.

The typical range of trimmer capacitor (as shown in Oscilla-
tor Circuit Diagram Figure 4, and in the typical application) at
the oscillator input pin is suggested only to allow accurate
tuning of the oscillator. This range is based on a typical
printed circuit board layout and may have to be changed
depending on the parasitic capacitance of the printed circuit
board or fixture being used. In all cases, the load capaci-
tance specified by the crystal manufacturer (nominal value
11 pF for the 32.768 crystal) is what determines proper os-
cillation. This load capcitance is the series combination of
capacitance on each side of the crystal (with respect to
ground).

Internal Components

A\

Single Supply Mode Or
Be > Vec

Battery
Backed r
Stabilized
Oscillator
Supply

To
Prescaler

osPc N é 0s¢ 0uT
in Il]l Pin
. XTAL
S €
External
Components

TL/F/11417-9
FIGURE 4. Oscillator Circuit Diagram

Rour
. XTAL Co Ci (Switched
: Internally)
32/32.768 kHz | 47 pF | 2 pF-22 pF | 150 k2 to 350 kQ2
4.194304 MHz | 68 pF | 0 pF-80 pF | 5000 to 9000
4.9152 MHz 68 pF | 29 pF-49 pF | 500 to 9000

INTERRUPT LOGIC FUNCTIONAL DESCRIPTION

The RTGC has the ability to coordinate processor timing ac-
tivities. To enhance this, an interrupt structure has been im-
plemented which enables several types of events to cause
interrupts. Interrupts are controlled via two Control Regis-
ters in block 1 and two Status Registers in block 0. (See
Register Descnptlon for notes on paglng and also Figure 5
and Table I.)*

The interrupts are enabled by writing a one to the appropri-
ate bits in Interrupt Control Register 0 and/or 1.

TABLE |. Registers that are
Applicable to Interrupt Control

Register | Page

Rgglster Name | select | select Address
Main Status Register X X 00H
Periodic Flag Register 0 0 . ,08H
Interrupt Control )

Register 0 1 . 0 03H
InterruPt Control 1 0 04H

Register 1
Output' Mode 1 0 02H

Register

.The Interrupt Status Flag DO, in the Main Status Register,

indicates the state of INTR and MFO outputs. It is set when
either output becomes active and is cleared when all RTC
interrupts have been cleared and no further interrupts are
pending (i.e., both INTR and MFO are returned to their inac-
tive state). This flag enables the RTC to be rapidly polled by
the nP to determine the source of an interrupt in a wired—
OR interrupt system. (The Interrupt Status Flag provides a
true reflection of all conditions routed to the external pins.)

Status for the interrupts are provided by the Main Status
Register and the Periodic Flag Register. Bits-D1-D5 of the

*Main Status Register are the main interrupt bits.

These register bits will be set when their associated timing
events occur. Enabled Alarm comparisons that occur will
set its Main Status Register bit to a one. However, an exter-
nal interrupt will only be generated if the Alarm interrupt
enable bit is set (see Figure 5). ’ )

Disabling the periodic interrupts will mask the Main Status
Register periodic bit, but not the Periodic Flag Register bits.
The Power Fail Interrupt bit is set when the interrupt is en-
abled and a power fail event has occurred, and is not reset
until the power is restored. If all interrupt enable bits are 0
no interrupt will be asserted. However, status still can be
read from the Main Status Fieglster in a polled fashxon (see
Figure 5).

To clear a flag in bits D2 and D3 of the Maln Status Register
a 1 must be written back into the bit location that is to be
cleared. For the Periodic Flag Reg|ster readlng the status
wnII reset all the periodic flags.
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Functional Description (continued)
Interrupts Fall Into Three Categories:

1. The Alarm Compare Interrupt: Issued when the value in
the time compared RAM equals the counter.

2. The Periodic Interrupts: These are issued at every incre-
ment of the specific clock counter signal. Thus, an inter-
rupt is issued every minute, second, etc. Each of these
interrupts occurs at the roll-over of the specific counter.

. The Power Fail Interrupt: Issued upon recognition of a
power fail condition by the internal sensing logic. The
power failed condition is determined by the signal on the
PFAIL pin. The internal power fail signal is gated with the
chip select signal to ensure that the power fail interrupt
does not lock the chip out during a read or write.

ALARM COMPARE INTERRUPT DESCRIPTON

The alarm/time comparison interrupt is a special interrupt
similar to an alarm clock wake up buzzer. This interrupt is
generated when the clock time is equal to a value pro-
grammed into the alarm compare registers. Up to six bytes
can be enabled to perform alarm time comparisons on the
counter chain. These six bytes, or some subset thereof,
would be loaded with the future time at which the interrupt
will occur. Next, the appropriate bits in the Interrupt Control
Register 1 are enabled or disabled (refer to detailed descrip-
tion of Interrupt Control Register 1). The RTC then com-
pares these bytes with the clock time. When ali the enabled
compare registers equal the clock time an alarm interrupt is
issued, but only if the alarm compare interrupt is enabled
can the interrupt be generated externally. Each alarm com-
pare bit in the Control Register will enable a specific byte for
comparison to the clock. Disabling a compare byte is the
same as setting its associated counter comparator to an

w

“always equal” state. For example, to generate an interrupt -

at 3:15 AM of every day, load the hours compare with 0 3
(BCD), the minutes compare with 1 5 (BCD) and the faster

counters with 0 0 (BCD), and then disable all other compare |

registers. So every day when-the time rolls over from
3:14:59.99, an interrupt is issued. This bit may be reset by

writing a one to bit D3 in the Main Status Reglster at any .

time after the alarm has been generated.’

If time comparison for an individual byte counter is disabled,
that corresponding RAM location can then be used as gen-
eral purpose storage.

PERIODIC INTERRUPTS DESCRIPTION

The Periodic Flag Register contains six flags which are set’

by real-time generated “ticks” at various time intervals, see

Figure 5. These flags constantly sense the periodic signals
and may be used whether or not interrupts are enabled.
These flags are cleared by any read or write operation per-
formed on this register.

To generate periodic interrupts at the desired rate, the asso-
ciated Periodic Interrupt Enable bit in Interrupt Control Reg-
ister 0 must be set. Any combination of periodic interrupts
may be enabled to operate simultaneously. Enabled period-
ic interrupts will now affect the Periodic Interrupt Flag in the
Main Status Register.

When a periodic event occurs, the Periodic Interrupt Flag in
the Main Status Register is set, causing an interrupt to be
generated. The pP clears both flag and interrupt by writing a
“1" to the Periodic Interrupt Flag. The individual flags in the
periodic Interrupt Flag Register do not require clearing to
cancel the interrupt.

I all periodic interrupts are disabled and a periodic interrupt
is left pending (i.e., the Periodic Interrupt Flag is still set), the
Periodic Interrupt Flag will still be required to be cleared to
cancel the pending interrupt.

POWER FAIL INTERRUPTS DESCRIPTION

The Power Fail Status Flag in the Main Status Register
monitors the state of the internal power fail signal. This flag
may be interrogated by the nP, but it cannot be cleared; it is
cleared automatically by the RTC when system power is
restored. To generate an interrupt when the power fails, the
Power Fail Interrupt Enable bit in Interrupt Control Register
1 is set. Although this interrupt may not be cleared, it may
be masked by clearing the Power Fail Interrupt Enable bit.

' POWER FAILURE CIRCUITRY FUNCTIONAL
" DESCRIPTION

Since the clock must be operated from a battery when the
main system supply has been turned off, the LVB572A pro-
vides circuitry to simplify design in battery backed systems.
This switches over to the back up supply, and isolates itself
from the host system. Figure 6 shows a simplified block
diagram of this circuitry, which consists of three major sec-

. tions; 1) power loss logic: 2) battery switch over logic: and 3)

isolation logic.

Detection of power Ioss occurs when PFAIL is low. De-
bounce logic provides a 30 ns-63 us debounce time, which
will prevent noise on the PFAIL pin from being interpreted
as a system failure. After 30 us-63 us the debounce logic
times out and a signal is generated indicating that system
power is marginal and is failing. The Power Fail Interrupt will
then be generated.
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Interrupt Control Registers Main Status Interrrupt Centrol
i Register Register
E ! Output Mode
Buffered Oscillator Register
Real Cfm{rol
Time Bit
Pericdic
Pulse
Signals
(also to o
Periodic —>| signal ,\
Flags) i MFO Ou:tput
VOutput
Buffer
Interrupt
Mode
apare Selected
Compare
Signals r
Power
Fail ) ) B
Detect -
_—[> I\ INTR Output

>
I/Output -
Buffer 7 i

(penunuoo) uoRdlI0Sa g jRUOOUNY

TL/F/11417-10

FIGURE 5. Interrupt Control Logic Overview




Functional Description (continued)

Battery Switchover

y Circuit ~
BB T 9 r_TO— v+

r—

00—

Power
Fail Logic

—_ 30-63 uS
PFAIL Debounce
(External Delay
power fail
signal)

480 uS y'y
Delay
Delayed
1 Lockout Lockout
o] MUX
A\ 2 4
8
Data ﬁ
I Address s D0:D7
and ‘_'L___
Delay Control AO:A4
Enable Buffers 3

TL/F/M11417-11

FIGURE 6. System-Battery Switchover (Upper Left), Power Fail
and Lock-Out Circuits (Lower Right)

If chip select is low when a power failure is detected, a
safety circuit will ensure that if a read or write is held active
continuously for greater than 30 us after the power fail sig-
nal is asserted, the lock-out will be forced. If a lock-out delay
is enabled, the LV8572A will remain active for 480 us after
power fail is detected. This will enable the uP to perform
last minute bookkeeping before total system collapse.
When the host CPU is finished accessing the RTC it may
force the bus lock-out before 480 us has elapsed by reset-
ting the delay enable bit.

The battery switch over circuitry is completely independent
of the PFAIL pin. A separate circuit compares Vgc to the
Vpg voltage. As the main supply fails, the RTC will continue
to operate from the Vg pin until Vg falls below the Vgg
voltage. At this time, the battery supply is switched in, Vo is
disconnected, and the device is now in the standby mode. If
indeterminate operation of the battery switch over circuit is
to be avoided, then the voltage at the Vcc pin must not be
allowed to equal the voltage at the Vgg pin.

After the generation of a lock-out signal, and eventual
switch in of the battery supply, the pins of the RTC will be
configured as shown in Table Il. Outputs that have a pull-up

resistor should be connected to a voltage no greater than
VgB.

TABLE II. Pin Isolation during a Power Failure

Pin PFAIL = Standby Mode
Logic 0 Vee > Vece
CS,RD,WR Locked Out Locked Out
AO0-A4 Locked Out Locked Out -
D0-D7 Locked Out Locked Out
Oscillator Not Isolated Not Isolated
PFAIL Not Isolated Not Isolated
INTR, MFO Not Isolated Open Drain

The Interrupt Power Fail Operation bit in the Real-Time
Mode Register determine whether or not the interrupts will
continue to function after a power fail event.

As power returns to the system, the battery switch over cir-
cuit will switch back to Vgc power as soon as it becomes
greater than the battery voltage. The chip will remain in the
locked out state as long as PFAIL = 0. When PFAIL = 1

3-57

VZ.1S8A7T




LV8572A

Functional Description (continued)

the chip is unlocked, but only after another 30 pus min —>
63 us max debounce time. The system designer must en-
sure that his system is stable when power has returned.

The power fail circuitry contains active linear circuitry that
draws supply current from Vcg. In some cases this may be
undesirable, so this circuit can be disabled by masking the
power fail interrupt. The power fail input can perform all
lock-out functions previously mentioned, except that no ex-
ternal interrupt will be issued. Note that the linear power fail
circuitry .is switched off automatically when using Vgg in
standby mode.

LOW BATTERY, INITIAL POWER ON DETECT, AND
POWER FAIL TIME SAVE

There are three other functions provided on the LV8572A to
ease power supply control. These are an initial Power On

detect circuit, which also can be used as a time keeping )
failure detect, a low battery detect circuit, and a time save =~

on power failure. . ‘

On initial power up the Oscillator Fail Flag will be set to a
one and the real time clock start bit reset to a zero. This
indicates that an oscillator fail event has occurred and time
keeping has failed. ) ] ’ :

The Oscillator Fail flag. will not be reset until the real-time
clock is started. This allows the system to discriminate be-

tween an initial power-Up and recovery from a power failure. |

If the battery backed mode is selected, then bit D6 of the

Periodic Flag Register must be written low. This will not af- ‘

fect the contents of the Oscillator Fail Flag.

Another status.bit is the low battery detect. This bit is set
only when the clock is operating under the Vgc pin, and
when the battery voltage is determined to be less than 2.1V
(typical). When the ‘power fail interrupt enable bit is low, it
disables the power fail circuit and will also shut off the low
battery voltage detection circuit as well.

To relieve CPU overhead for saving time upon power failure,
the Time Save Enable bit is provided to do this automatical-
ly. (See also Reading the Clock: Latched Read.) The Time
Save Enable bit, when set, causes the Time Save RAM to

follow the contents of the clock. This bit can be reset by

software, but if set before a power failure occurs, it will auto-
matically be reset when the clock switches to the battery
supply (not ' when a power failure is detected by the PFAIL
pin). Thus, writing a one to the Time Save bit enables both a
software write or power fail write. .

SINGLE POWER SUPPLY APPLICATIONS

The LV8572A can be used in a single power supply applica-
tion. To achieve this, the Vgg pin must be connected to
ground, and the power connected to Vg and PFAIL pins.
The Oscillator Failed/Single Supply bit in the Periodic Flag
Register should be set to a logic 1, which will disable the
oscillator battery reference circuit. The power fail interrupt
should also be disabled. This will turn off the linear power
fail detection circuits, and will eliminate any quiescent power
drawn through these circuits. Until the crystal select bits are
initialized, the LV8572A may consume about 50 pA due to
arbitrary oscillator selection at power on.

(This extra 50 pA is not consumed if the battery backed
mode is selected).
DETAILED REGISTER DESCRIPTION

There are 5 external address bits: Thus, the host microproc-
essor has access to 28 locations at one time. An internal
switching scheme provides a total of 61 locations.

This complete address space is organized into two pages.
Page 0 contains two blocks of control registers, timers, real
time clock counters, and special purpose RAM, while page
1 contains general purpose RAM. Using two blocks enables

- the 9 control registers to be mapped into 5 locations. The
-only register that does not get switched is the Main Status

Register. It contains the page select bit and the register
select bit as well as status information.

A memory map is shown in Figure 2 and register addressing
in Table Ill. They show the name, address and page loca-
tions for the LV8572A.

TABLE Il Registér/Counter/RAM

Addressing for LV8572A
PS RS

A0-4 (Note 1)| (Note 2) Description
CONTROL REGISTERS

00 X X |Main Status Register

03 0 [ Periodic Flag Register

04 0 0 Time Save Control Register

01 0 1 Real Time Mode Register

02 0 1 Output Mode Register

03 0 1 Interrupt Control Register 0

04 0 1 Interrupt Control Register 1
COUNTERS (CLOCK CALENDAR)

05 (o} X- 11/100, 1/10 Seconds (0-99)

06 0 X Seconds (0-59)

07 0 X . |Minutes (0-59)

08 0 X Hours (1-12,0-23)

09 0 X |Days of

. Month (1-28/29/30/31)

0A 0 X [Months (1-12)

0B 0 X Years (0-99)

oCc (4] . X |Julian Date (LSB) (1-99)

oD 0 X |Julian Date © (0-3)

OE 0 "X Day of Week (1-7)
TIME COMPARE RAM

13 0 X Sec Compare RAM - (0-59)

14 0 X Min Compare RAM  (0-59)

15 0 X Hours Compare

RAM (1-12,0-23)

16 4] X |DOM Compare ! R
. RAM . (1-28/29/30/31)|

17 0 - X Months Compare

) RAM (1-12)

18 0 X |DOW Compare RAM (1-7)
TIME SAVE RAM

19 0 X Seconds Time Save RAM

1A 0 X Minutes Time Save RAM

1B 0 X . |Hours Time Save RAM

iC 0 X Day of Month Time Save RAM

1D 0 X Months Time Save RAM

1E 0 1 RAM

1F 0 X  |RAM/Test Mode Register

01-1F 1 X 2nd Page General Purpose RAM

1 PS—Page Select (Bit D7 of Main Status Register)
2 RS—Register Select (Bit D6 of Main Status Register)




Functional Description (continued)
MAIN STATUS REGISTER '

Lesirs] RIR [AL{PER PF|INT!
DO interrupt Status

=D 1 Power Fail Interrupt

D2 Period Interrupt

D3 Alarm Interrupt

-D4 RAM

DS R;\M

D6 Register Select Bit

D7 Page Select Bit
TL/F/11417-12

The Main Status Register is always located at address 0
regardless of the register block or the page selected.

DO: This read only bit is a general interrupt status bit that is
taken directly from the interrupt pins. The bit is a one when
an interrupt is pending on either the INTR pin or the MFO
pin (when configured as an interrupt). This is unlike D3
which can be set by an internal event but may not cause an
interrupt. This bit is reset when the interrupt status bits in the
Main Status Register are cleared.

D1-D3: These three bits of the Main Status Register are the
main interrupt status bits. Any bit may be a one when any of
the interrupts are pending. Once an interrupt is asserted the
P will read this register to determine the cause. These
interrupt status bits are not reset when read. Except for D1,
to reset an interrupt a one is written back to the correspond-
ing bit that is being tested. D1 is reset whenever the PFAIL
pin = logic 1. This prevents loss of interrupt status when
reading the register in a polled mode. D1 and D3 are set
regardless of whether these interrupts are masked or not by
bits D6 and D7 of Interrupt Control Registers 0 and 1.

D4-D5: General purpose RAM bits. o

D6 and D7: These bits are Read/Write bits that control
which register block or RAM page is to be selected. Bit D6
controls the register block to be accessed (see memory
map). The memory map of the clock is further divided into
two memory pages. One page is the registers, clock and
timers, and the second page contains 31 bytes of general
purpose RAM. The page selection is determined by bit D7.

PERIODIC FLAG REGISTER

bo minutes flag

D1 10 second flag
D2 seconds flag

03 100 millisec. flag
D4 10 millisec. flag

D5 milli-seconds flag

D6 Oscillator Failed/Single Supply Bit

D7 Test Mode Enable
TL/F/11417-13

The Periodic Flag Register has the same bit for bit corre-
spondence as Interrupt Control Register 0 except for D6
and D7. For normal operation (i.e., not a single supply appli-
cation} this register must be written to on initial power up or
after an oscillator fail event. DO-D5 are read only bits, D6
and D7 are read/write. )

DO-DS5: These bits are set by the real time rollover events:
(Time Change = 1). The bits are reset when the register is
read and can be used as selective data change flags.

D6: This bit performs a dual function. When this bit is read, a
one indicates that an oscillator failure has occurred and the

_time information may have been lost. Some of the ways an

oscillator failure can be caused are: failure of the crystal,
shorting OSC IN or OSC OUT to GND or V¢, removal of
crystal, removal of battery when in the battery backed mode
(when a ““0” is written to D6), lowering the voltage at the
Vgg pin to a value less than 2.2V when in the battery
backed mode. Bit D6 is automatically set to 1 on initial pow-
er-up or an oscillator fail event. The oscillator fail flag is
reset by writing a one to the clock start/stop bit in the Real
Time Mode Register, with the crystal oscillating.

When D6 is written to, it defines whether the TCP is being
used in battery backed (normal) or in a single supply mode
application. When set to a one this bit configures the TCP
for single power supply applications. This bit is automatically
set on initial power-up or an oscillator fail event. When set,
D6 disables the oscillator reference circuit. The result is that
the oscillator is referenced to V. When a zero is written to
D6 the oscillator reference is enabled, thus the oscillator is
referenced to Vgg. This allows operation in standard battery
standby applications.

At initial power on, if the LV8572A is going to be pro-
grammed for battery backed mode, the Vgg pin should be
connected to a potential in the range of 2.2V to Vgc —
0.4V. '

For single supply mode operation, the Vgg pin should be
connected to GND and the PFAIL pin connected to Vge.
D7: Writing a one to this bit enables the test mode register
at location 1F (see Table lll). This bit should be forced to
zero during initialization for normal operation. If the test
mode has been entered, clear the test mode register before
leaving test mode. (See separate test mode application
note for further details.) -

TIME SAVE CONTROL REGISTER

{rsiieferof R JRI R R R
. Lo ran

D1 RAM

D? RAM

D3 RAM

D4 RAM

D5 PF Delay Enable

D6 Low Battery flag

D7 Time Save Enable
TL/F/11417-14

D0-D4: General purpose RAM bits.
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LV8572A

Functional Description (continued)
D5: The Delay Enabile bit is used when a power fail occurs.

If this bit is set, a 480 us delay is generated internally before
the P interface is locked out, This will enable the uP to
access the registers for up to 480 us after it receives’'a
power fail interrupt. After a power failure is detected but
prior to the 480 ps delay timing out, the host 1P may force
immediate lock out by resetting the Delay Enable bit. Nots if
this bit is a 0‘when power fails then after a delay of 30 us
min/63 us max the P cannot read the chip.

D6: This read only bit is set and reset by the voltage at the
Vgg pin. It can be used by the p.P to determine whether the
battery voltage at the Vgg piniis getting too low. A compara-
tor monitors the battery and when the voltage is lower than
2.1V (typical) this bit is set. The power fail interrupt must be
enabled to check for a low battery voltage.

D7: Time Save Enable bit controls the loading of real-time-
clock data into the Time Save RAM. When a one is written
to this bit the Time Save RAM will follow the corresponding
clock registers, and when a zero is written to this bit the time
in the Time Save RAM is frozen. This eliminates any syn-
chronization problems when reading the clock, thus negat-
ing the need to check for a counter rollover during a read
cycle.

This bit must be set to a one prior to power failing to enable
the Time Save feature. When the power fails this bit is auto-
matically reset and the time is saved in the Time Save RAM.

REAL TIME MODE REGISTER
Lxri ] xro] ® [ ipFjc slnHImlLYol‘" :
DO Leap Yeer LSB
D1 Leap Year MSB :
D2 12/57 hour mode
D3 Clock Start/Stop )
- D4 Interrupt PF Operation
D5 RAM * °
D6 Crystal Frequency LSB

o

D7 Cryslal Frequency MSB
TL/FM11417-15

D0-D1: These are the Ieap year counter bits. These bits are
written to set the number of years from the previous leap
year. The leap year counter increments on December 31st
and it internally enables the February 29th counter state.
This method of setting the leap year allows leap year to
occur whenever the user wishes to, thus providing flexibility
in implementing Japanese leap year function.

LY1 LYo Leap Year
Counter
0 0 Leap Year Current Year
0 1 Leap Year Last Year
1 0 Leap Year 2 Years Ago
1 1 Leap Year 3 Years Ago

D2: The count mode for the hours counter can be set to
either 24 hour mode or 12 hour mode with AM/PM indicator.
A one will place the clock in 12 hour mode.

D3: This bit is the master Start/Stop bit for the clock. When
a one is written to this bit the real time counter's prescaler
and counter chain are enabled. When this bit is reset to zero
the contents of the real time counter is stopped and the
prescaler is cleared. When the RTC is-initially powered up
this bit will be held at a logic O until the oscillator starts
functioning correctly after which this bit may be modified. If
an oscillator fail event occurs, this bit will be reset to logic 0.
D4: This bit controls the operation of the interrupt output in
standby mode. If set to a one it allows Alarm, Periodic, and
Power Fail interrupts to be functional.in standby mode. Note
that the MFO pin is conflgured as open drain in standby
mode.

:If bit D4 is set to a zero then |nterrupt control regrster and
-the periodic interrupt flag will be reset when the RTC enters

the standby mode. They will have to be re-confrgured when
system (Vcg) power is restored.
D5: General purpose RAM.

D6 and D7: These two bits select the crystal clock frequen-
cy as per the follownng table

"
A . .

{ xt1 | xmo | _Crstal
B Frequency
0 . 0. | 32768kHz
0 1 4.194304 MHz
1 0 49152 MHz "
1 1 32.000 kHz

All bits are Read/Write, and any mode written into this regis-
ter can be determined by reading the register. On initial
power up these bits are random.

:OUTPUT MODE REGISTER
IMOJRIRJRIR]RIR]R]

DO RAM. . .

RAM

- b2 RAM
L N

D4 RAM 7
D5 RAM :
D6 RAM | .

D7 MFO Pin as Oscillator
. e s .. TL/F/11417-16
D0-D6: General Purpose RAM :
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Functional Description (continued)

D7: This bit is used to program the signal appearing at the
MFO output, as follows:

D7 . MFO Output Signal

0 Power Fail Interrupt
1 Buffered Crystal Oscillator

INTERRUPT CONTROL REGISTER 0

LR LR [im[tm[hm] S ITSIMN!
DO Minutes enable

]

10 second enable

b 02 Seconds enable

_— D3 IOQ millisec enable
: D4 10 millisec enable

D
D6 RAM

[

millisec enable

D7 RAM
TUF/I11417-17

DO0-D5: These bits are used to enable one of the selected
periodic interrupts by writing a one into the appropriate bit.
These interrupts are issued at the rollover of the clock. For
example, the minutes interrupt will be issued whenever the
minutes counter increments. ‘in all likelihood the interrupt
will be enabled asynchronously with the real time change.
Therefore, the very first interrupt will occur in less than the
periodic time chosen, but after the first interrupt all subse-
quent interrupts will be spaced correctly. These interrupts
are useful when minute, second, real time reading, or task

switching is required. When all six bits are written to a 0 this

disables periodic. interrupts from the Main Status Register
and the mterrupt pin.

D6 and D7: General Purpose FIAM

INTERRUPT CONTROL REGISTER 1

| Pre | ALeJDOM] MO JoOM] HR] MN | SC .
DO Second compare enable
D1 Minute compare enable '

D2 Hour compare enable

———rems———= D3 Day of month enable

D4 Month compare enable

DS Day of week enable

D6 Alarm interrupt enable

D7 Power fail interrupt enable
TL/F/11417-18

" D0-D5: Each of these bits are enable bits which will enable

a comparison between an individual clock counter and its
associated compare RAM. If any bit is a zero then that
clock-RAM comparator is set to the “always equal” state
and the associated TIME COMPARE RAM byte can be used
as general purpose RAM. However, to ensure that an alarm
interrupt is not generated at bit D3 of the Main Status Fiegls-
ter, all bits must be written to a logic zero.

-D6: In order to generate an external alarm compare inter-

rupt to the pP from bit D3 of the Main Status Register, this
bit must be written to a logic 1.

D7: The MSB of this register is the enable bit for the Power
Fail Interrupt. When this bit is set to a one an interrupt will
be generated to the puP when Vgg > Ve

This bit also enables the low battery detection analog cir-

cuitry.
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Control and Status Register Address Bit Map

D7 D6 D5 " b4 D3 D2 D1 Do
Main Status Register PS = X RS = X ADDRESS = 00H
R/W R/W R/IW  R/W R/W1 R/W1 R2 R3
Page Register i Alarm Periodic Power Fail Interrupt
RAM RAM
Select Select Interrupt Interrupt Interrupt Status
Periodic Flag Register PS = 0 RS=0 Address = 03H
R/W R/W4 RS RS RS RS - RS RS
Test Osc. Fail/ 1ms 10 ms 100 ms ‘Seconds | 10 Second Minute
Mode Single Supply Flag Flag Flag Flag Flag Flag -
Time Save Control Register PS = 0 RS =0 Address = 04H
R/W R6 R/W R/W R/IW R/W R/W R/W
. Power Fail o
Ti S L t .
ime Save | Low Battery | *"p RAM | RAM RAM RAM . | - RAM
Enable Flag
Enable :
Real Time Mode Register PS = 0 RS = 1 Address = 01H
Crystal Crystal RAM Interrupt EN Clock 12/24 Hr. | Leap Year | Leap Year
Freg. XT1 Freq. XTO on Back-Up | Start/Stop Mode MSB LSB
Output Mode Register PS = 0 RS =1 Address = 02H
MFO as RAM RAM RAM RAM RAM RAM RAM
Crystal
Interrupt Control Register 0 PS = 0 RS = 1 Address = 03H
1ims 10ms 100 ms Seconds | 10 Second Minute
RAM RAM Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt
Enable Enable Enable Enable Enable Enable
Interrupt Control Register 1 PS = 0 RS =1 Address = 04H
Power Fail Alarm DOW Month DOM Hours Minute Second
Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt
Enable Enable Enable Enable Enable Enable Enable Enable

1. Reset by
writing

- 1tobit.

2. Set/reset by
voltage at
PFAIL pin.

3. Reset when
all pending
interrupts
are removed.

4. Read Osc fail
Write 0 Batt-
Backed Mode
Write 1 Single

" Supply Mode

5. Reset by
positive edge
of read.

6. Set and reset
by Vgg
voltage.

Al Bits R/W

Al Bits R/W

All Bits R/W

All Bits R/W
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Application Hints

Suggested Initialization Procedure for LV8572A in Battery
Backed Applications that use the Vgg Pin.

1.

Enter the test mode by writing a 1 to bit D7 in the Period-
ic Flag Register.

main the same as in step 1. Under normal operation, this
bit can be set only if the oscillator is running. During the
_software loop, RAM, real time counters, output configu-
“ration, interrupt control and timer functions may be ini-
‘tialized.

2. Write zero to the RAM/TEST mode Register located in . L .
page 0, address HEX 1F. . 6. .Test bit D6 in the Periodic.Flag Register:

3. Leave the test mode by writing a O to bit D7 in the Peri- IF a 1, go to 5.1. If this bit remains a 1 after 3 seconds,
odic Flag Register. Steps 1,2,3 guarantee that if the test then abort and check hardware. The crystal may be de-
mode had been entered during power on (due to ran- fective or not installed. There may be-a short at OSC IN
dom pulses from the system), all test mode conditions .or OSC OUT to Vg or GND, or to some 'mpedaﬂce that
are cleared. Most important is that the OSC Fail Disable is less than 10 MQ.
bit is cleared. Refer to AN-589 for more information on IF a 0, then the oscillator is running, go to step 7.
test mode operation. 7. ‘Write a 0 to bit D6 in the Periodic Flag Register. This

4. After power on (Vcc and Vgg powered), select the cor- ~action puts the clock chip in the battery backed mode.
rect crystal frequency bits (D7, D6 in the Real Time -This mode can be entered only if the OSC fail flag (bit
Mode Register) as shown in Table IV. D6 of the Periodic Flag Register) is a 0. Reminder, Bit

D6 is a dual function bit. When read, D6 returns oscilla-

TABLE IV tor status. When written, D6 causes either the Battery

Frequency D7 D6 Backed Mode, or the Single Supply ‘Mo.de of operation.
The only method to ensure the chip is in the battery

32.768 kHz 0 backed mods is to measure the waveform at the OSC
4.194304 MHz 1 OUT pin. If the battery backed mode was selected suc-
cessfully, then the peak to peak waveform at OSC OUT

4.9152 MHz 1 0 is referenced to the battery voltage. If not in battery
32.0 kHz 1 1 backed mode, the waveform is referenced to Vcg. The
- measurement should be made with a high impedance

5. Enter a software loop that does the following: low capacitance probe (10 MS), 10 pF oscilloscope
Set a 3 second(approx) software counter. The crystal probe or better). Typical peak to.peak swings are within
oscillator may take 1 second to start. 0.6V of Vcc and ground respectively.

5.1 Write a 1 to bit D3 in the Real Time Mode Register (try 8. Wri.te a 1 to bit D7 of Interr_upt Control Begiste.r 1..This
to start the clock). Make sure the crystal select bits re- action enables the PFAIL pin and associated circuitry.

9. Initialize the rest of the chip as needed.

Typical Application : : :

yp pp Main Supply R1* o1°* Battery Supply
1 1 M
Vee Ves ?
<:> §’§ NS
b PFAIL [¢————= A low going user
generated power
fail signal should
be presented to the
/1 PFAIL pin.
e
8 \‘ Address Bus / /1 Y r\ AD-Ad
N—— V]
3 N LVB572A o,
° < Data Bus / Real Time | % 2-22 pF
(=3 Clock —
e % 5607 N po-p7 32.768KHz
o I\ V]
= Nt osc out
N2 N 7 47 PF
(: RD, WR, INT » WR :r
INTR
i MFO
GND
— — bd l TL/F/11417-19

*These components may be necessary to meet UL requirements
for lithium batteries. Consult battery manufacturer.
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LV8572A

Typical Performance Characteristics

lgg (nh)

Operating Current vs
Supply Voltage (TBD)
(Single Supply Mode
Fosc = 32.768 kHz)

160

140

|cc (I—lA)

120

2.0 3.0 4.0 5.0
Vec (Volts)

Standby Current vs Power
Supply Voltage
. (Fosc = 32.768 kHz)

6.0

TL/F/11417-20

12 - /|

: //

LA

-/,

20 25 3.0 35 40
Vg (Volts)

4.5

TL/F/11417-22

lec (uA)

lgg (uA)

1400

1200

1000

800

600

160

120

80

Operating Current vs
Supply Voltage (TBD)
(Battery Backed Mode |
Fosc = 32.768 kHz)

20 3.0 4.0 50 6.0

Ve (Volts)
TUF/11417-21

Standby Current vs Power
Supply Voltage
Fosc = 4.194304 MHz

V.

/

/

/

/

25 3.0 35 4.0 45

Vgg (Volts)

TL/F/11417-23
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@National

Semiconductor

PRELIMINARY

LV8573A Low Voltage Real Time Clock (RTC)

General Description

The LV8573A is intended for use in microprocessor based
systems where information is required for multi-tasking, data
logging or general time of day/date information. This device
is implemented in low voltage silicon gate microCMOS tech-
nology to provide low standby power in battery back-up en-
vironments. The circuit’s architecture is such that it looks
like a contiguous block of memory or 1/0 ports organized as
one block of 32 bytes. This includes the Control Registers,
the Clock Counters, the Alarm Compare RAM, and the Time
Save RAM.

Time and date are maintained from 1/100 of a second to
year and leap year in a BCD format, 12 or 24 hour modes.
Day of week and day of month counters are provided. Time
is controlled by an on-chip crystal oscillator requiring only
the addition of the 32.768 kHz crystal and two capacitors.

Power failure logic and control functions have been integrat-
ed on chip. This logic is used by the RTC to issue a power
fail interrupt, and lock out the pP interface. The time power
fails may be logged into RAM automatically when Vgg >
Vce. Additionally, two supply pins are provided. When Vgg

> Vg, internal circuitry will automatically switch from the
main supply to the battery supply.

The LVB573A’s interrupt structure provides three basic
types of interrupts: Periodic, Alarm/Compare, and Power
Fail. Interrupt mask and status registers enable the masking
and easy determination of each interrupt.

Features
W 3.3V +10% supply
m Full function real time clock/calendar
— 12/24 hour mode timekeeping
.— Day of week counter
— Parallel resonant oscillator
® Power fail features
— Internal power supply switch to external battery
— Power Supply Bus glitch protection
— Automatic log of time into RAM at power failure
B On-chip interrupt structure
— Periodic, alarm, and power fail interrupts

Block Diagram

0sC 0sc
out in

PFAIL
Prescaler *
Vag =P Power — V+.
Supply '
— Switch
Ve Logic
Real Time Power
C_S_} Clock Counters Fail
W = Logic
colE | IT I —11L
|

S

Internal Data Bus 1

Bus
p0-7 <:> Logic

s 1117

Alarm Compare Interrupt Control
and Time Save Logic Registers
RAM S — |
INTR  MFO TL/F/11418-1
FIGURE 1
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LV8573A

Absolute Maximum Ratings (Notes 14 2)

Operation Conditions

If Military/Aerospace specified devices are required, - : ‘Min Max Unit
please contact the National Semiconductor Sales Supply Voltage (Vcc) (Note 3) - 3.0 3.6 \
Office/Distributors for availability and specifications. Supply Voltage (Vgg) (Note 3) 22 Vgg—04 .V
Supply Voltage (Vcc) _—05Vito +7.0V DC Input or Output Voltage 0.0 Ver v
DC Input Voltage (Vi) —0.5V to Vg +0.5V (Vin: Vour) : cG.
DG Output Voltage (Vour) —0.5Vto Ve + 0.5V Operation Temperature (Ta) —40 +85 '°C
Storage Temperature Range —65°Cto +150°C Electr-Static Discharge Rating TBD . 1 kv
Power Dissipation (PD) 500 mW Typical Values
Lead Temperature (Soldering, 10 sec.) 1260°C 9JA DIP  Board
o ) : - Socket ‘ .
9JA PLCC Board 80°C/W
Socket - 88°C/W
DC Electrical Characteristics
Ve = 3.3V £10%, Vgg = 2.5V, VBFAL > ViH, C|_ = 100 pF unless othérwise specmed
Min Max -
Symbol Parameter ‘ Condi?lorjs (Note 15) (Note 15) Units
ViH High Level Input Voltage Any Inputs Except OSC IN, 20 Voo +0.3 \
(Note 4) OSC IN with External Clock Vgg — 0.2~ o \
ViL Low Level Input Voltage _ All Inputs Except OSC IN =03¢. - 0.8 \
) ) OSC IN with External Clock ° -0.3 0.2 v
VoH High Level Output Voltage lour = —20pA Vee —0.2° v
(Excluding OSC OUT) louT = —2.0mA 24 ] v
VoL Low Level Output Voltage lout = 20 pA 0.2 v
‘(Excluding OSC OUT) louT = 2.0 MA 0.3 A%
N Input Current (Except OSC IN) ViN = Vgg or GND *1 pA
loz Output TRI-STATE® Current Vout = Vecc or GND +5 rA
kg Output High Leakage Current Vout = Ve or GND +5 A
MFO, INTR Pins Outputs Open Drain e
lcc Quiescent Supply Current Fosc = 32.768 kHz
(Note 6) VIN = Ve or GND (Note 5) 200 rA
‘ ViN = Ve 0r.GND (Note 6) 700 pA
. Vin = Vi or Vi (Note 6) 8 mA
lec Quiescent Supply Current Vg =GND .
(Single Supply Mode) VIN = Vg or GND 20 pA
(Note 7) Fosc = 32.768 kHz
Isg Standby Mode Battery Vce = GND
Supply Current OSC OUT = open circuit, 8 A
(Note 7) other pins = GND #
Fosc = 32.768 kHz
IBLK Battery Leakage 2.2V < Vgp < 2.6V
i other pins at GND
Vcec = GND, Vgg = 2.6V 1.5 pA
Voo = 3.6V -5 pA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.
Note 2: Unless otherwise specified all voltages are referenced to ground.
Note 3: In battery backed mode, Vgg < Vg — 0.4V.

Single Supply Mode: Data retention voltage is 2.2V min.

In single Supply Mode (Power connected to Vg pin) 3.0V < Ve < 3.6V.
Note 4: This parameter (V}) is not tested on all pins at the same time.
Note 5: This specification tests Icc with all power fail circuitry disabled, by setting D7 of Interrupt Control Register 1 to 0.
Note 6: This specification tests Icc with all power fail circuitry enabled, by setting D7 of Interrupt Control Register 1 to 1.
Note 7: OSC IN is driven by a signal generator. Contents of the Test Register = 00(H) and the MFO pin is not configured as buffered oscillator out.
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AC Electrical Characteristics
Ve = 3.3V £10%, Vgg = 2.5V, VBFAT > Vin, CL = 100 pF unless otherwise specified

VELS8AT

Symbol Parameter (Nx:' 15) (N:::): 5) Units
READ TIMING
tAR Address Valid Prior to Read Strobe 10 ns
thw Read Strobe Width (Note 8) 80 ns
tco Chip Select to Data Valid Time 80 ns
tRAH Address Hold after Read (Note 9) 0 ns
trD Read Strobe to Valid Data . 70 ns
tpz Read or Chip Select to TRI-STATE 70 ns
tRCH Chip Select Hold after Read Strobe (Note 9) 0 ns
tps Minimum Inactive Time between Read or Write Accesses 40 ns
WRITE TIMING
taw Address Valid before Write Strobe ) 10 ns
twaAH Address Hold after Write Strobe (Note 9) 0 ns
tow Chip Select to End of Write Strobe 60 ns
tww Write Strobe Width (Note 10) 50 ns
tow Data Valid to End of Write Strobe 40 ns
twoH Data Hold after Write Strobe (Note 9) 2 ns
tweH Chip Select Hold after Write Strobe (Note 9) 0 ns
INTERRUPT TIMING
tROLL Clock rollover to INTR out typically 20 ps |

Note 8: Read Strobe width as used in the read timing table is defined as the period when both chip select and read inputs are low. Hence read commences when
both signals are low and terminates when either signal returns high.

Note 9: Hold time is guaranteed by design but not production tested. This limit is not used to calculate outgoing quality levels.

Note 10: Write Strobe width as used in the write timing table is defined as the period when both chip select and write inputs are low. Hence write commences when
both signals are low and terminates when either signal returns high.

AC Test Conditions
Input Pulse Levels GND to 3.0V
Input Rise and Fall Times | 6ns (10%-90%)
Input and Output 13V Vee S ("g" 12)
Reference Levels ’ ™
TRI-STATE Reference = | . Active High +0.5V o@
Levels fNote 12) Active Low —0.5V " Dovice R =1K O
Note 11: C| = 100 pF, includes jig and scope capacitance. ) Input O=——o Under Output
Note 12: S1 = V¢ for active low to high impedance measurements. Test
S§1 = GND for active high to high impedance measurements. :
S1 = open for all other timing measurements. . ¢ [*}
g (Note 11)

Capacitance (1, = 25°C,f = 1 MHz)

TL/F/11418-2

Parameter .
Symbol (Note 14) Typ Units
Cin Input Capacitance 5 pF
Cout Output Capacitance 7 pF

Note 13: This parameter is not 100% tested.
Note 14: Output rise and fall times 25 ns max (10%-90%) with 100 pF load.
Note 15: Room temperature values only.
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Timing Waveforms

Read Timing Diagram ‘

" AO-4
s
tren
B thw y
DATA Valid Data
TL/F/11418-3°
} . o .
: Write Timing Diagram
A0-4

DATA

Pin Description

CS, RD, WR (Inputs): These plns |nterface to uP control

lines. The CS pin is an active low enable for the read and
write operations. Read and Write pins are also active low
and enable reading or writing to the RTG. All three pins are
disabled when power failure is detected. However, if a read
or write is in progress at this time, it will be allowed to com-
plete its cycle.

A0-A4 (Inputs): These 5 pins are for register selection.
They individually control which location is to be accessed.
These inputs are disabled when power failure is detected.

OSC IN (input): OSC OUT (Output): These two pins are
used to connect the crystal to the internal parallel resonant
oscillator. The oscillator is always running when power is
applied to Vgg and V¢c.

MFO (Output): The multi-function output can be used as a
second interrupt (Power fail) output for interrupting the uP.
This pin can also provide an output for the oscillator. The
MFO output is configured as push-pull, active high for nor-
mal or single power supply operation and as an open drain
during standby mode (Vgg > Vo). If in battery backed
mode and a pull-up resistor is attached, it should be con-
nected to a voltage no greater than Vpgg.

INTR (Output): The interrupt output is used to interrupt the
processor when a timing event or power fail has occurred
and the respective interrupt has been enabled. The INTR

tow
|
tyw
/ *—t%s
tow =" twon
Valid Data

. TUF1418-4

output is permanently configured active low, open drain. If in
battery backed mode and a pull-up resistor is attached, it
should be connected to a voltage no greater than Vgg.

D0-D7 (Input/Output): These 8 bidirectional pins connect
to the host uP’s data bus and are used to read from and
write to the RTC. When the PFAIL pin goes low and a write
is not in progress, these pins are at TRI-STATE.

PFAIL (Input): In battery backed mode, this pin can have a
digital signal applied to it via some external power detection
logic. When PFAIL = logic 0 the RTC goes into a'lockout
mode, in a minimum of 30 ps or a maximum of 63 ps unless
lockout delay is programmed. In the single power supply
mode, this pin is not useable as an input and should be tied
to Vge. Refer to section on Power Fail Functional Descrip-
tion.

Vg (Battery Power Pin): This pin is connected to & back-
up power supply. This power supply is switched to the inter-
nal circuitry when the Vg becomes lower than Vpgg. Utiliz-
ing this pin eliminates the need for external logic to switch in
and out the back-up power supply. If this feature is not to be
used then this pin-must be tied to ground, the RTC pro-
grammed for single power supply only, and power applied to
the Vg pin.

Vce: This is the main system power pin.

GND: This is the common ground power pin for both Vgg
and Vgg.
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Connection Diagrams

Dual-In-Line
- -/
ts={1 24f=vee
RD—{2 23}~ PFAILL
WR—{3 22f=07
A0—{ 4 21f=D6
at—s 20}—D5
Az—6 19}—-04
a3—7 18}—D3
JYes 17}=D2
Vea—{ 9 16}~01
0sC IN—{ 10 ~15}=00
0SC OUT = 11 14=1NTR
OND— 12 13}~wnro
TL/F/11418-5
Top View
Order Number LV8573AN

See NS Package Number N24C

Functional Description :
The LV8573A contains a fast access real time clock, inter-
rupt control logic, and power fail detect logic. All functions of
the RTC are controlled by a set of seven registers. A simpli-
fied block diagram that shows the major functional blocks is
given in Figure 1.

The blocks are described in the following sections:

1. Real Time Clock

2. Oscillator Prescaler -

3. Interrupt Logic'

4. Power Failure Logic

5. Additional Supply Management

The memory map of the RTC is shown in the memory ad-

dressing table (Figure 2). A control bit in the Main Status
Register is used to select either control register block.

INITIAL POWER-ON of BOTH Vgg and Ve

Vgg and Ve may be applied in any sequence. In order for
the power fail circuitry to function correctly, whenever power
is off, the Vg pin must see a path to ground through a
maximum of 1 MQ2. The user should be aware that the con-
trol registers will contain random data. The user should en-

sure that the RTC is not in test mode (see register descrip-

tions).

REAL TIME CLOCK FUNCTIONAL DESCRIPTION

As shown in Figure 2, the clock has 8 bytes of counters,
which count from 1/100 of a second to years. Each counter
counts in BCD and is synchronously clocked. The count se-
quence of the individual byte counters within the clock is
shown later in Table VII. Note that the day of week, day of
month, and month counters all roll over to 1. The hours
counter in 12 hour mode rolls over to 1 and the AM/PM bit
toggles when the hours rolls over to 12 (AM = 0, PM = 1).
The AM/PM bit is bit D7 in the hours counter.

All other counters roll over to 0. Upon initial application of
power the counters will contain random information.

TL/F/11418-6

Plastic Chip Carrier
=
2lElels BE ¢
Y Y T T T |
4 3 2 1 2827 26
Al—{5 25f=07
a2—{s 24}~ D6
As—{7 23}-05
A—{8 ) 22—04
NC— 9 21f=03
Ne—{ 10 : 20f-02
Vgg = 11 19f—01
12 13 14 15 16 17 18
TTTTLiLL
o338 <%z °
8 g
o
Top View
Order Number LV8573AV

See NS Package Number V28A

1F RAM/TEST Register

1E RAM

1D Months Time Save RAM
1C | Day of Month Time Save RAM
1B Hours Time Save RAM
1A Minutes Time Save RAM
19 Seconds Time Save RAM
18] Day of Week Compare RAM
17 Months Compare RAM
16 Day of Month Compare RAM
15 Hours Compare RAM

14 Minutes Compare RAM
13 Seconds Compare RAM

12 N/A
11 N/A
10 N/A
oF N/A
OE| Day of Week Clock Counter
oD 00 and D1 Bits Only
oc RAM
. 0B Years Clock Counter
. 0A Months Clock Counter
09] Day of Month Clock Counter
08 Hours Clock Counter

07 Minutes Clock Counter
06 Seconds Clock Counter
05 Y100 Second Counter

. Register Select=0 / \ Register Select =1

- |-Time Save Control Register 04 [Interrupt Control Register 1
Periodic Flag Register 03 |interrupt Control Register 0
N/A 02 Output Mode Register
N/A 01 Real Time Mode Register

00 Main Status Register

FIGURE 2, LV8573A Internal Memory Map

TL/F/11418-7
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Functional Description (continued)

READING THE CLOCK: VALIDATED READ

Since clocking of the counter occurs asynchronously to
reading of the counter, it is possible to read the counter
while it is being incremented (rollover). This may result in an
incorrect time reading. Thus to ensure a correct reading of
the entire contents of the clock (or that part of interest), it
must be read without a clock rollover occurring. In general
this can be done by checking a rollover bit. On this chip the
periodic interrupt status bits can serve this function. The
following program steps can be used to accomplish this.

1. Initialize program for reading clock.

2. Dummy read of periodic status bit to clear it.
3. Read counter bytes and store.

4. Read rollover bit, and test it.

5. If rollover occured go to 3.

6. If no rollover, done.

To detect the rollover, individual periodic status bits can be
polled. The periodic bit chosen should be equal to the high-
est frequency counter register to be read. That is if only
SECONDS through HOURS counters are read, then the
SECONDS periodic bit should be used.

READING THE CLOCK: INTERRUPT DRIVEN

Enabling the periodic interrupt mask bits cause interrupts
just as the clock rolls over. Enabling the desired update rate
and providing an interrupt service routine that executes in
less than 10 ms enables clock reading without checking for
a rollover.

READING THE CLOCK: LATCHED READ

Another method to read the clock that does not require
checking the rollover bit is to write a one into the Time Save
Enable bit (D7) of the Time Save Control Register, and then
to write a zero. Writing a one into this bit will enable the
clock contents to be duplicated in the Time Save RAM.
Changing the bit from a one to a zero will freeze and store
the contents of the clock in Time Save RAM. The time then
can be read without concern for clock rollover, since inter-
nal logic takes care of synchronization of the clock. Be-
cause only the bits used by the clock counters will be
latched, the Time Save RAM should be cleared prior to use
to ensure that random data stored in the unused bits do not
confuse the host microprocessor. This bit can also provide
time save at power failure, see the Additional Supply Man-
agement Functions section. With the Time Save Enable bit
at a logical 0, the Time Save RAM may be used as RAM if
the latched read function is not necessary.

INITIALIZING AND WRITING TO THE
CALENDAR-CLOCK

Upon initial application of power to the TCP or when making
time corrections, the time must be written into the clock. To
correctly write the time to the counters, the clock would
normally be stopped by writing the Start/Stop bit in the Real
Time Mode Register to a zero. This stops the clock from
counting and disables the carry circuitry. When initializing
the clock’s Real Time Mode Register, it is recommended
that first the various mode bits be written while maintaining
the Start/Stop bit reset, and then writing to the register a
second time with the Start/Stop bit set.

The above method is useful when the entire clock is being
corrected. If one location is being updated the clock need
not be stopped since this will reset the prescaler, and time
will be lost. An ideal example of this is correcting the hours
for daylight savings time. To write to the clock “on the fly”
the best method is to wait for the 1/100 of a second period-
ic interrupt. Then wait an additional 16 ps, and then write
the data to the clock.

PRESCALER/OSCILLATOR FUNCTIONAL
DESCRIPTION

Feeding the counter chain is a progfammable prescaler
which divides the crystal oscillator frequency to 32 kHz and
further to 100 Hz for the counter chain (see Figure 3).

To Real
Divide I Time
by Counters

320

» Pulse
Subtractor

From
Oscillator

32.0 kH.
—p LR

TL/F/11418-8
FIGURE 3. Programmable Clock Prescaler Block

In addition to the inverter, the oscillator feedback bias resis-
tor is included on chip, as shown in Figure 4. The oscillator
input may be driven from an external source if desired. Re-
fer to test mode application note for details. The oscillator
stability is enhanced through the use of an on chip regulated
power supply. ‘ e
The typical range of trimmer capacitor (as shown in Oscilla-
tor Circuit Diagram Figure 4, and in the typical application) at
the oscillator input pin is suggested only to allow accurate
tuning of the oscillator. This range is based on a typical
printed circuit board layout and may have to be changed
depending on the parasitic capacitance of the printed circuit
board or fixture being used. In all cases, the load capaci-
tance specified by the crystal manufacturer (nominal value
11 pF for the 32.768 crystal) is what determines proper os-
cillation. This load capcitance is the series combination of
capacitance on each side of the crystal (with respect to
ground).

Internal Components

v+

Single Supply Mode
Ves > Vec

Battery
Backed

Veg
Stabilized
Oscillator
Supply

To
Prescaler

OSPQ IN 0sC .OU'I’
in . |I]| _I_ Pin
. XTAL:
€ %
" External
Components

TL/F/11418-9
FIGURE 4. Oscillator Circuit Diagram
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Functional Description (continued)

XTAL Co Cy
32,768 kHz | 47 pF | 2pF-22pF

Rour
150 kQ2 to 350 kQ

INTERRUPT LOGIC FUNCTIONAL DESCRIPTION

The RTC has the ability to coordinate processor timing ac-
tivities. To enhance this, an interrupt structure has been im-
plemented which enables several types of events to cause
interrupts. Interrupts are controlled via two Control Regis-
ters in block 1 and two Status Registers in block 0. (See
Register Description for notes on paging and Table 1.)

The interrupts are enabled by writing a one to the appropri-
ate bits in Interrupt Control Register 0 and/or 1.

TABLE I. Registers that are Applicable
to Interrupt Control

Register Name Register Address
Select
Main Status Register X O0H
Periodic Flag Register 0 03H
Interrupt Control Register 0. 1 03H
Interrupt Control Register 1 1 04H
Output Mode Register 1 02H

The Interrupt Status Flag DO, in the Main Status Register,
indicates the state of INTR and MFO outputs. It is set when
either output becomes active and is cleared when all RTC
interrupts have been cleared and no further interrupts are
pending (i.e., both INTR and MFO are returned to their inac-
tive state). This flag enables the RTC to be rapidly potled by
the uP to determine the source of an interrupt in a wired—
OR interrupt system. (The Interrupt Status Flag provides a
true reflection of all conditions routed to the external pins.)

Status for the interrupts are provided by the Main Status

Register and the-Periodic Flag Register. Bits D1-D5 of the
Main Status Register are the main interrupt bits.:

These register bits will be set when their associated timing

events occur. Enabled Alarm comparisons that occur will
set its Main Status Register bit to a one. However, an exter-

nal interrupt will only be generated if the Alarm interrupt

enable bit is set (see Figure 5).

Disabling the periodic interrupts will mask the Main Status
Register periodic bit, but not the Periodic Flag Register bits.

The Power Fail Interrupt bit is set when the interrupt is en- -

abled and a power fail event has occurred, and is not reset
until the power is restored. If all interrupt enable bits" are 0
no interrupt will be asserted. However, status still can be
read from the Main Status Register in a polled fashion (see
Figure §).

To clear a flag in bits D2 and D3 of the Main Status Register

a 1 must be written back into the bit location that is to be -

cleared. For the Periodic Flag Register reading the status
will reset all the periodic flags.

Interrupts Fall Into Three Categories:

1. The Alarm Compare Interrupt: Issued when the value in

the time compared RAM equals the counter.

2. The Periodic Interrupts: These are issued at every incre-
ment of the specific clock counter signal. Thus, an inter-
rupt is issued every minute, second, etc. Each of these
interrupts occurs at the roll-over of the specific counter.

3. The Power Fail Interrupt: Issued upon recognition of a
power fail condition by the internal sensing logic. The
power failed condition is determined by the signal on the
PFAIL pin. The internal power fail signal is gated with the
chip select signal to ensure that the power fail interrupt
does not lock the chip out during a read or write.

ALARM COMPARE INTERRUPT DESCRIPTON

The alarm/time comparison interrupt is a special interrupt
similar to an alarm clock wake up buzzer. This interrupt is
generated when the clock time is equal to a value pro-
grammed into the alarm compare registers. Up to six bytes
can be enabled to perform alarm time comparisons on the
counter chain. These six bytes, or some subset thereof,
would be loaded with the future time at which the interrupt
will occur. Next, the appropriate bits in the Interrupt Control
Register 1 are enabled or disabled (refer to detailed descrip-
tion of Interrupt Control Register 1). The RTC then com-
pares these bytes with the clock time. When all the enabled
compare registers equal the clock time an alarm interrupt is
issued, but only if the alarm compare interrupt is enabled
can the interrupt be generated externally. Each alarm com-
pare bit in the Control Register will enable a specific byte for
comparison to the clock. Disabling a compare byte is the
same as setting its associated counter comparator to an
“always equal” state. For example, to generate an interrupt
at 3:15 AM of every day, load the hours compare with 0 3
(BCD), the minutes compare with 1 5 (BCD) and the faster
counters with 0 0 (BCD), and then disable all other compare
registers. So every day when the time rolls over from
3:14:59.99, an interrupt is issued. This bit may be reset by
writing a one to bit D3 in the Main Status Register at any
time after the alarm has been generated.

If time comparison for an individual byte counter is disabled,
that corresponding RAM location can then be used as gen-
eral purpose storage.

PERIODIC INTERRUPTS DESCRIPTION

The Periodic Flag Register contains six flags which are set
by real-time generated “ticks™ at various time intervals, see
Figure 5. These flags constantly sense the periodic signals
and may be used whether or not interrupts are enabled.
These flags are cleared by any read or write operation per-
formed on this register.

To generate periodic interrupts at the desired rate, the asso-
ciated Periodic Interrupt Enable bit in Interrupt Control Reg-
ister 0 must be set. Any.combination of periodic interrupts
may be enabled to operate simultaneously. Enabled period-
ic interrupts will now affect the Periodic Interrupt Flag in the
Main Status Register.

When a periodic event occurs, the Periodic Interrupt Flag in
the Main Status Register is set, causing an interrupt to be
generated. The pP clears both flag and interrupt by writing a
“1” to the Periodic Interrupt Flag. The individual flags in the
periodic Interrupt Flag Register do not require clearing to
cancel the interrupt.

If all periodic interrupts are disabled and a periodic interrupt
is left pending (i.e., the Periodic Interrupt Flag is still set), the
Periodic Interrupt Flag will still be required to be cleared to
cancel the pending interrupt.
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Functional Description (Continued)

POWER FAIL INTERRUPTS DESCRIPTION

The Power Fail Status Flag in the Main Status Register
monitors the state of the internal power fail signal. This flag
may be interrogated by the pP, but it cannot be cleared; it is
cleared automatically by the RTC when system power is
restored. To generate an interrupt when the power fails, the
Power Falil Interrupt Enable bit in Interrupt Control Register
1 is set. Although this interrupt may not be cleared, it may
be masked by clearing the Power Fail Interrupt Enable bit.

POWER FAILURE CIRCUITRY FUNCTIONAL
DESCRIPTION

Since the clock must be operated from a battery when the
main system supply has been turned off, the LV8573A pro-
vides circuitry to simplify design in battery backed systems.
This switches over to the back up supply, and isolates itself
from the host system. Figure 6 shows a simplified block
diagram of this circuitry, which consists of three major sec-
tions; 1) power loss logic: 2) battery switch over logic: and 3)
isolation logic.

Detection of power loss occurs when PFAIL is low. De-
bounce logic provides a 30 us-63 ps debounce time, which
will prevent noise on the PFAIL pin from being interpreted
as a system failure. After 30 us-63 ps the debounce logic
times out and a signal is generated indicating that system
power is marginal and is failing. The Power Fail Interrupt will
then be generated.

If chip select is low when a power failure is detected, a
safety circuit will ensure that if a read or write is held active
continuously for greater than 30 ps after the power fail sig-
nal is asserted, the lock-out will be forced.

The battery switch over circuitry is completely independent
of the PFAIL pin. A separate circuit compares V¢g to the
Vpg voltage. As the main supply fails, the RTC will continue
to operate from the Ve pin until Vg falls below the Vgg
voltage. At this time, the battery supply is switched in, Vo is

Battery Switchover

Circuit
Ves _r__o/rj

Vee

disconnected, and the device is now in the standby mode. If
indeterminate operation of the battery switch over circuit is
to be avoided, then the voltage at the Vg pin must not be
allowed to equal the voltage at the Vgg pin.

After the generation of a lock-out signal, and eventual
switch in of the battery supply, the pins of the RTC will be
configured as shown in Table II. Qutputs that have a pull-up
resistor should be connected to a voltage no greater than

VBB.
TABLE II. Pin Isolation during a Power Failure
" Pin PFAIL = Standby Mode
Logic 0 Ve > Vec
CS,RD, WR Locked Out Locked Out
A0-A4 Locked Out Locked Out
Do-D7 Locked Out Locked Out
Oscillator Not Isolated Not Isolated
PFAIL -NotIsolated |, , Not Isolated
INTR, MFO Not Isolated Open Drain

The Interrupt Power Fail Operation bit in the Real-Time
Mode Register determines whether or not the interrupts will
continue to function after a power fail event.

As power returns to the system, the battery switch over cir-
cuit will switch back to Vgc power as soon as it becomes
greater than the battery voltage. The chip will remain in the
locked out state as long as PFAIL=0. When PFAIL=1 the
chip is unlocked, but only after another 30 us min — 63
s max debounce time. The system designer must ensure
that his system is stable when power has returned.-

The power fail circuitry contains active linear circuitry that
draws supply current from Vgg. In some cases this may be
undesirable, so this circuit can be disabled by masking the
power fail interrupt. The power fail input can perform all
lock-out functions previously mentioned, except that no ex-

Power
Fail Logic

30-63 uS

30 uS
Delay

Delayed )
Lockout

PFAIL Debounce
(External Delay
power fail
signal)

A A 4

8
Data ‘ ’ '

Address 00:07
and | PRV
Control AO:A4

Buffers 3

TL/F/11418-11

FIGURE 6. System-Battery Switchover (Upper Left), Power Fail
and Lock-Out Circuits (Lower Right)
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Functional Description (continued)

ternal interrupt will be issued. Note that the linear power fail
circuitry is switched off automatically when using Vgg in
standby mode.

INITIAL POWER ON DETECT AND -
POWER FAIL TIME SAVE

There are two other functions provided on the LV8573A to
ease power supply control. These are an initial Power On
detect circuit, which also can be used as a time keeping
failure detect, and a time save on power failure.

On initial power up the Oscillator Fail Flag will be set to a
one and the real time clock start bit reset to a zero. This
indicates that an oscillator fail event has occurred, and time
keeping has failed.

The Oscillator Fail flag will not be reset until the real-time
clock is started. This allows the system to discriminate be-
tween an initial power-up and recovery from a power failure.
If the battery backed mode is selected, then bit D6 of the
Periodic Flag Register must be written low. This will not af-
fect the contents of the Oscillator Fail Flag.

To relieve CPU overhead for savmg time upon power fallure.
the Time Save Enable bit is provided to do this automatical-
ly. (See also Reading the Clock: Latched Read.) The Time
Save Enable bit, when set, causes the Time Save RAM o
follow the contents of the clock. This bit can be reset by
software, but if set before a power failure occurs, it will auto-
matically be reset when the clock switches to the battery
supply (not when a power failure is detected by the PFAIL
pin). Thus, writing a one to the Time Save bit enables both a
software write or power fail write.

SINGLE POWER SUPPLY APPLICATIONS

The LV8573A can be used in a single power supply apphca-
tion. To achieve this, the Vgg pin must be connected to
ground, and the power. connected to Vgg. The Oscillator
Failed/Single Supply bit in the Periodic Flag Register should
be set to a logic 1, which will disable the oscillator battery
reference circuit. The power fail interrupt should also be dis-
abled. This will turn off the linear power fail detection cir-
cuits, and will eliminate any quiescent power drawn through
these circuits.

DETAILED REGISTER DESCRIPTION

There are 5 external address bits: Thus, the host microproc-
essor has access to 28 locations at one time. An internal
switching scheme provides a total of 30 locations.

The only register that does not get switched is the Main
Status Register. It contains the register select bit as well as
status information. )

A memory map is shown in Figure 2 and register addressing
in Table lll. They show the name, address and page loca-
tions for the LV8573A.

TABLE Ill. Register/Counter/RAM

Addressing for LV8573A
RS ; )

AO0-4 (Note 1) Description .

CONTROL REGISTERS
00 X | Main Status Reglster
01 0 N/A
02 0 N/A
03 0 Periodic Flag Register
04 0 Time Save Control Register
01 1 . | Real Time Mode Register
02 1 | Output Mode Register
03 1 Interrupt Control Register 0
04 1 Interrupt Control Register 1

COUNTERS (CLOCK CALENDAR)

05 X |1/100,1/10 Seconds  (0-99)
06 X Seconds (0-59)
07 X Minutes (0-59)
08| X Hours (1-12,0-23)
09 | X . |Daysof Month (1-28/29/30/31)
0A X Months (1-12)
0B j: X Years (0-99)
oC X RAM
oD X - | DO, D1 bits only
OE X | Day of Week (1-7)
OF X N/A
10 X N/A
1 X N/A
12 X N/A

TIME COMPARE RAM
13 X |secCompareRAM (0-59)
14 X Min Compare RAM (0-59)
15 X Hours Compare RAM  (1-12, 0-23)
16 X DOM Compare RAM  (1-28/29/30/31)
17 X Mon}hs Compare RAM (1-12)
18 X DOW Compare RAM  (1-7)

TIME SAVE RAM B
19 X .. | Seconds Time Save RAM
1A X Minutes Time Save RAM
1B X Hours Time Save RAM
1C | .. X . | Day of Month Time Save RAM
1D X Months Time Save RAM
1E A RAM
1F X RAM/Test Mode Register

Note 1: RS—Register Select (Bit D6 of Main Status Register)
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Functional Description (continued)
MAIN STATUS REGISTER

LR Ies] RIRJat]rer PF|INT!
DO. Interrupt Status

L=———=D1 Power Fail Interrupt

D2 Period Interrupt

D3 Alarm Interrupt
D4 RAM

D5 RAM
D6 Register Select Bit

D7 RAM -
TL/F/11418-12

The Main Status Register is always located at address 0
regardless of the register.block selected.

DO: This read only bit is a general.interrupt status bit that is
taken directly from the interrupt pins. The bit is a one when
an interrupt is pending on either the INTR pin or the MFO
pin (when configured as an interrupt). This is unlike D3
which can be set by an internal event but may not cause an
interrupt. This bit is reset when the interrupt status bits in the
Main Status Register are cleared.

D1-D3: These three bits of the Main Status Register are the
main interrupt status bits. Any bit may be a one when any of
the interrupts are pending. Once an interrupt is asserted the
1P will read this register to determine the cause. These
interrupt status bits are not reset when read. Except for D1,
to reset an interrupt a one is written back to the correspond-
ing bit that is being tested. D1 is reset whenever the PFAIL
pin = logic 1. This prevents loss of interrupt status when
reading the register in a polled mode. D1 and D3 are set
regardless of whether these interrupts are masked or not by
bits D6 and D7 of Interrupt Control Registers 0 and 1.

D4, D5 and D7: General purpose RAM bits.

D6: Bit D6 controls the register block to be accessed (see
memory map).

PERIODIC FLAG REGISTER
I

OSF ] tms [ 10ms[100ms] 15 ] 10s ] { min

DO minutes flag

f————=D1 10 second flag

D2 seconds flag

D3 100 millisec. flag

D4 10 miltisec. flag

D5 milti flag

D6 Oscillator Failed/Single Supply Bit

D7 Test Mode Enable
TL/F/11418-13

The Periodic Flag Register has the same bit for bit corre-
spondence as Interrupt Control Register 0 except for D6
and D7. For normal operation (i.e., not a single supply appli-
cation) this register must be written to on initial power up or
after an oscillator fail event. DO-D5 are read only bits, D6
and D7 are read/write.

DO0-D5: These bits are set by the real time rollover events:

(Time Change = 1). The bits are reset when the register is
read and can be used as selective data change flags.

D6: This bit performs a dual function. When this bit is read, a:

one indicates that an oscillator failure has occurred and the

time information may have been lost. Soms of the ways an
oscillator failure can be caused are: failure of the crystal,
shorting OSC IN or OSC OUT to GND or Vg, removal of
crystal, removal of battery when in the battery backed mode
(when a “0"” is written to D6), lowering the voltage at the
Vg pin to a value less than 2.2V when in the battery
backed mode. Bit D6 is automatically set to 1 on initial pow-
er-up or an oscillator fail event. The oscillator fail flag is
reset by writing a one to the clock start/stop bit in the Real
Time Mode Register, with the crystal oscillating.

When D6 is written to, it defines whether the TCP is being
used in battery backed (normal) or in a single supply mode
application. When set to a one this bit configures the TCP
for single power supply applications. This bit is automatically
set on initial power-up or an oscillator fail event. When set,
D6 disables the oscillator reference circuit. The result is that
the oscillator is referenced to V. When a zero is written to
D6 the oscillator reference is enabled, thus the oscillator is
referenced to Vgg. This allows operation in standard battery
standby applications.

At initial power on, if the LV8573A is going to be pro-
grammed for battery backed mode, the Vgg pin should be
connected to a potential in the range of 2.2V to Vg —
0.4V.

For single supply mode operation, the Vgg pin should be
connected to GND and the PFAIL pin connected to Vg
D7: Writing'a one to this bit enables the test mode register
at location 1F (see Table Ill). This bit should be forced to
zero during initialization for normal operation. If the' test
mode has been entered, clear the test mode register before
leaving test mode. (See separate test mode application
note for further details.)

TIME SAVE CONTROL REGISTER

LisInalRIRIRT RTRTR] .

L —oo ram

L—— 01 Ram
02 RAM
03 RAM .

D4 RAM

D5 RAM
D6 N/A

D7 Time Save Enable
TL/F/11418-14

DO0-D5: General purpose RAM bits.
D6: Not ‘Available, appears as logic 0 when read.

D7: Time Save Enable bit controls the loading of real-time-
clock data into the Time Save RAM. When a one is written
to this bit the Time Save RAM will follow the corresponding
clock registers, and when a zero is written to this bit the time
in the Time Save RAM is frozen. This eliminates any syn-
chronization problems when reading the clock, thus negat-
ing the need to check for a counter rollover during a read
cycle.

This bit must be set to a one prior to power failing to enable
the Time Save feature. When the power fails this bit is auto-
matically reset and the time is saved in the Time Save RAM.
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Functional Description (continued)
REAL TIME MODE REGISTER

LR] ] iPF Jcss| liﬂLl'LYD! . ' -
DO Leap Year LSB

|l D1 Leap Yoar MSB
D2 12/74 hour mode ..
D3 Clock Start/Stop .
s 4 [nterrupt PF Operation
D5 RAM
D6 RAM

D7 RAM

TLIF/11418-15

DO-D1: These are the leap year counter bits. These bits are
written to set the number of years from the previous leap
year. The leap year counter increments on December 31st
and it internally enables the February 29th counter state.
This method of setting the leap year allows leap year to
occur whenever the user wishes to, thus providing flexibility
in implementing Japanese leap year function.

Leap Year

L1 LYo COunter

Leap Year Current Year
Leap Year Last Year -
Leap Year 2 Years Ago

0 0
0 1
1 0
1 1 Leap Year 3 Years Ago

D2: The count mode for the hburs counter can be set to
either 24 hour mode or 12 hour mode with AM/PM indicator.
A one will place the clock in 12 hour mode.

D3: This bit is the master Start/Stop bit for the clock. When
a one is written to this bit the real time counter’s prescaler
and counter chain are enabled. When this bit is reset to zero
the contents of the real time counter is stopped. When the
RTC is initially powered up this bit will be held at a logic 0
until the oscillator starts functioning correctly after which
this bit may be modified. If an oscillator fail event occurs,
this bit will be reset to logic 0.

D4: This bit controls the operation of the interrupt output in
standby mode. If set to a one it allows Alarm, Periodic, and
Power Fail interrupts to be functional in standby mode. Note
that the MFO pin is configured as open drain in standby
mode.

If bit D4 is set to a zero then the interrupt control register
and the periodic interrupt flag will be reset when the RTC
enters the standby mode. They will have to be re-configured
when system (Vgg) power is restored.

D5-D7: General purpose RAM bits.
OUTPUT MODE REGISTER
MoJRJRJRIRJRIR]R]

DO RAM
D1 RAM
D2 RAM
03 RAM
04 RAM
DS RAM
06 RAM

Hln

D7 MFO Pin as Oscillator
TL/F/11418-16

DO0-D6: General purpose RAM bits.

D7: This bit is used to program the signal appeanng at the
MFO output, as follows

D7 MFO Output Signal

Power Fail Interrhpt_
1 " Buffered Crystal Oscillator

INTERRUPT CONTROL REGISTER 0
| EALT]

LRI R Jtm] tm]hm]

DO Minutes enabla

b D1 10 second enable

D2. Seconds enable
D3 100 millisec enable ‘

' — D4 10 millissc enable '
— - - D5 millisec enable

D6 RAM

D7 RAM -

TLIF/11418-17
D0-DS5: These bits are used to enable one of the selected
periodic interrupts by writing a one into the appropriate bit.
These interrupts are issued at the rollover of the clock. For
example, the minutes interrupt will be issued whenever the
minutes counter increments. In all likelihood the interrupt
will be ‘enabled asynchronously with .the real time change.
Therefore, the very first interrupt will occur in less than the
periodic time chosen, but after the first interrupt all subse-.
quent interrupts will be spaced correctly. These interrupts
are useful when minute, second, real time reading, or task
switching is required. When all six bits are written to a 0 this
disables periodic interrupts from the Main Status Register
and the interrupt pin. .

D6 and D7: General purpose RAM
INTERRUPT CONTROL REGISTER 1

DO Second compare enable

D1 Minute compare enable

D2 Hour pare enable
D3 Day of month enable
D4 Month compare enable

D5 Day of week enable

D6 Alarm interrupt enable

D7 Power fail interrupt enable
TL/F/11418-18

D0-D5: Each of these bits are enable bits which will enable
a comparison between an individual clock counter and its
associated compare RAM. If any bit is a zero then that
clock-RAM comparator is set to the “always equal’ state
and the associated TIME COMPARE RAM byte can be used
as general purpose RAM. However, to ensure that an alarm’
interrupt is not generated at bit D3 of the Main Status Regis-
ter, all bits must be written to a logic zero.

D6: In order to generate an external alarm compare inter-
rupt to the pP from bit D3 of the Main Status Register, this
bit must be written to a logic 1.

D7: The MSB of this register is the enable bit for the Power
Fail Interrupt. When this bit is set to a one an interrupt will
be generated to the uP when a Vgg > Vge.




Control and Status Register Address Bit Map

.. D7 D6 D5 D4 D3 D2 D1 Do
Main Status Register PS = X RS = X ADDRESS = 00H 1. Re;@t by
R/W R/W R/W R/W R/W1 R/W1 R2 R3 ‘:"; "";%
0 bit.
. : Register Alarm Periodic Power Fail Interrupt
- RAl RAM RAM 2. Set/resetb
M Select Interrupt Interrupt Interrupt Status voltarge at Y
PFAIL pin.

3. Reset when
all pending
interrupts

T . ) are removed.
Perlodic Flag Register PS = 0 RS =0 Address = 03H o .
R/W R/W4 RS RS R5 RS -1 RS 4. Read Osc fail
Write O Batt-
Test Osc. Fail/ 1ms 10ms 100 ms Seconds | 10 Second Minute Backed Mode
Mode Single Supply Flag Flag Flag Flag Flag .. Flag Write 1 Single
Supply Mode
5. Reset by
i ‘ ] positive edge
_ of read.
Time Save Control Register PS = 0 RS = 0 Address = 04H
Time Save |/ RAM RAM RAM RAM RAM RAM | Al Bits R/W
Enable
Real Time Mode Register PS = 0 RS =1 Address = 01H
' - | Interrupt EN Clock 12/24Hr. | Leap Year | Leap Year .
. RA| ” All Bits R/W
RAM RAM RAM | onBack-Up | Start/St6p | Mode MSB LSB s e
Output Mode Register PS = 0 RS =1 Address = 02H -
MFO as -RAM RAM RAM RAM RAM RAM RAM | All Bits R/W
Crystal k : ) i
Interrupt Control Register 0 PS = 0 RS =1 Address = 03H
1ms 10ms - 100 ms Seconds | 10 Second Minute
RAM RAM Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt { All Bits R/W
Enable Enable Enable '|* Enable Enable Enable
Interrupt Control Register 1 PS = 0 RS =1 Address = 04H
Power Fail Alarm ‘'DOW Month DOM Hours Minute Second
Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt | All Bits R/W
Enable Enable Enable Enable Enable Enable Enable Enable
Application Hints , ‘
Suggested Initialization Procedure for LV8573A in Bat- 4. Enter a software loop that does the following:

tery Backed Applications that use the Vgg Pin
1. Enter the test mode by writing a 1 to bit D7 in the Period-

Set a 3 second(approx) software counter. The crystal
oscillator may take 1 second to start.

ic Flag Register. 4.1 Write a 1 to bit D3 in the Real Time Mode Register (try

2. Write zero to the RAM/TEST mode Register located in
page 0, address HEX 1F.

3. Leave the test mode by writing a 0 to bit D7 in the Peri-
odic Flag Register. Steps 1, 2, 3 guarantee that if the
test mode had been entered during power on (due to
random pulses from the system), all test mode condi-
tions are cleared. Most important is that the OSC Fail
Disable bit is cleared. Refer to AN-589 for more informa-
tion on test mode operation.

to start the clock). Under normal operation, this bit can
be set only if the oscillator is running. During the soft-
ware loop, RAM, real time counters, output configura-
tion, interrupt control and timer functions may be initial-
ized.
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Application Hints (continued)
5. Test bit D6 in the Periodic Flag Register: :
~IF a1, goto4.1. If this bit remains a 1 after 3 seconds,

then abort and check hardware. The crystal may be de-
fective or not installed. There may be a short at OSC IN

or OSC OUT to V¢ or GND, or to some impedance that .

is less than 10 MQ..
IF a 0, then the oscillator is running, go to step 7

. Write a 0 to bit D6 in the Periodic Flag Register. This

action puts the clock chip in the battery backed mode.
This mode can be entered only if the OSC fail flag (bit

The only method to ensure the chip is in the battery
backed mode is to measure the waveform at the OSC

OUT pin. If the battery backed mode was selected suc-

cessfully, then the peak to peak waveform at OSC OUT
is referenced to the battery voltage. If not in battery
backed mode, the waveform is referenced to Vgg. The
measurement should-be made with a-high impedance
low capacitance probe (10 MQ, 10 pF oscilloscope
probe or better). Typical peak to peak swings are within
0.6V of V¢g and ground respectively.

'These components may be necessary to meet UL requwemems
for lithium batteries. Consult battery manufacturer.

o . . . v 7. Wirite a 1 to bit D7 of Interrupt Control Register 1. This
D6 of the Periodic Flag Register) is a 0. Reminder, bit D6
is a dual function bit. When read, D6 returns oscillator action enables the PFAIL p|n and assoc1ated cwcwtry
.status. When written, D6 causes either the Battery 8.  Initialize the rest of the chip as needed
Backed Mode, or the Single Supply Mode of operation.
Typical Application _
- Main Supply Battery Supply
T T
= FF 5
- O
15 [
.- . PFAIL J——emeee A low going use}
. . -LV8573A generated power
. . fail signal should
N - : . N “Real Time be presented to the
ress Bus N
§ N\ M -2 Clock PRAT pin.
2 '\. o . 0c I .
§‘ < Data Bus | y - 2-22 pF
& (! o Y 0o-07 1 B2 s27eskm
I3 1 l - . |
E K Control : _ ) ;. 0SC out -
e R WR, INT N ;_PL e T -
V] INTR ) .
<« wro ‘
GND
(IRl i

" TLFAI418-19
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Typical Performance Characteristics
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Operating Current vs Operating Current vs '
Supply Voltage Supply Voltage Standby Current vs Power
(Single Supply Mode (Battery Backed Mode Supply Voltage
Fosc = 32.768 kHz) TBD Fosc = 32.768kHz) TBD (Fosc = 32.768 kHz2)
1400
v
160 1200 ‘ 12 //
3 140 1000 g 8 . //
8 3 - /
8 4 -
120 800 . —1
600 20 25 30 . 35 4.0 45
20 30 40 50 60 . Vg (Volts)
Vee (Volts) - ‘ TL/F/11418-22
TL/F/11418-20 20 30 40 5.0 6.0

Ve (Volts)
TL/F/11418-21
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C2525¢CT25250C2526¢CT2526

@National

Semiconductor

CGS54C/74C2525 ¢ CGS54CT/74CT2525
CGS54C/74C2526 * CGS54CT/74CT2526
1-to-8 Minimum Skew Clock Driver

The CGS 'C/CT2525 is a minimum skew clock driver with
one input driving eight outputs specifically designed for sig-
nal generation and clock distribution applications. The '2525
is designed to distribute a single clock to eight separate
receivers with low skew across all outpu