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AUTOMATIC AIR CONTROL

By MR.YONGYUT SIWAPRONPASONG

MR.WANITCH NOIPANDEE

ABSTRACT

Automatic air control designed for control temperature in
the room. Operation of automatic air control can divide three
main part is sensor temperature . set time and Set temperature
control temperature.

Automatic air control , This construction can control set up
temperature 15 - 30 °C can protect and keep up efficiency of com-
pressor , can set speed of fan and set time off , By part display

is seven segment
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DALLAS

SEMICONDUCTOR

DS1225Y
64K Nonvolatile SRAM

FEATURES
* Data retention in the absence of Vee

e Data is automatically protected during power loss’

* Directly replaces 8K x 8 volatile static RAM or EE-
PROM

¢ Unlimited write cycles

* Low-power CMOS

* Over 1 0 years of data retention
. Stand'ard 28-pin JEDEC pinout

¢ Available in 150 ns, 170 ns, or 200 ns read access
times

* Read cycle time equals write cycle time
* Full +10% operating range

¢ Optional industrial temperature range of -40°C to
+85°C, designated IND

SiiA

- o

U Ha131350 dann
:108.-’41 ﬁuzfmsm"‘nﬁ:fuuu
E:.:J_.;:ix-rz:s;.':zuawww 10110
R ARt 33i-1347

DESCRIPTION

The DS1225Y 64K Nonvolatile SRAM is a 65,536-bit,
fully static, nonvolatile RAM organized as 8192 words
by 8 bits. Each NV SRAM has a self-contained lithium
eénergy source and control circuitry that constantly mon-
fors Vg for an out-of-tolerance condition. When such
a condition occurs, the lithium energy source automati-
cally switches on and write protection is unconditionalty
énabled to prevent garbled data. The NV SRAM canbe

PIN ASSIGNMENT

ne i 28 | vec
az|j] 2 27 W WE
AT/l s 26 J| nc
Asiff ¢ 25 Bl a8
asill s 24 fl a9
Aslfl s 23 fi| ant
a7 22 | O
a2fe 21 B ato
Al e 20 | C&
Ao |l 10 19 §| oar
poo ([ » 18 H| oas
oai |f 12 17 B} oos
caz f|f 13 16 B} pos
ano (| 14 15 Bl oaa.

28-Pin Encapsulated Package
(720 Mit Extended)

PIN DESCRIPTION

Ag- A ~ Address Inputs
o} —' Chip Enable
GND — Ground
DQe-DQy ~ Data in/Data Out
Vee ~ Power (+5V)
WE — Write Enable
OE — Output Enable
NC ~ No Connect

used in place of existing 8K x 8 SRAMs directly conform-

ing to the popular bytewide 28-pin DIP standard. The

DS1225Y aiso matches the pinout of the 2764 EPROM

orthe 2864 EEPROM, allowing direct substitution while

enhancing performance. There is no limit on the num--
ber of write cycles thatcan be executed and no addition-
al support circuitry is required for microprocessor inter-

face. N4



| OPERATION

READ MODE .
The DS1225Y executes a read. cycle whenever WE
(Write Enable) is inactive (high) and CE (Chip Enable) is
active (low). The unique address specified by the 13 ad-
dress inputs (Ag-A42) defines which of the 8192 bytes ot
dataisto be accessed. Valid data will be available to the
eight data output drivers within tacc (Access Time) after
the last address input signal is stable, providing that CE
and OE (Output Enable) access times are also satisfied.
if O and CE access times are not satisfied, then data
access must be measured from the later occurring sig-
nal (CE or OF) and the limiting parameter is either tog
for CE or tog for OF rather than address access.

WRITE MODE

The DS1225Y is in the write mode whenever the WE
and CE signals are inthe active (fow) state after address
inputs are stable. The latter occurring falling edge of CE
or WE will determine the start of the write cycle. The
write cycle is terminated by the earlier rising edge of CE
or WE. All address inputs must be keptvalid throughout

the write cycle. WE must return to the high state for a
minimum recovery time (twp) before another cycle can
be initiated. The OE control signal shouid be kept inac-
tive (high) during write cycles to avoid bus contention.
However, if the output bus has been enabled (CE and
OE active) then WE will disable the outputs i topy from
its falling edge. ‘

DATA RETENTION MODE

The DS1225Y provides full functional capabiiity for Ve
greaterthan 4.5 volts and write protects at 4.25 nominal.
Data is maintained in the absence of Vg without any
additional support circuitry. The DS1225Y constantly
monitors Vee. Should the supply voltage decay, the
RAM will automatically write protect itself. All inputs to
the RAM become "don't care” and all outputs are high
impedance. As Vg falls below approximately 3.0 volts,
the power switching circuit connects the lithium energy
source to RAM to retain data. During power-up, when
Vee rises above approximately 3.0 voits, the power
switching circuit connects external Vg to the RAM and
disconnects the lithium energy source. Normal RAM
operation can resume after V¢ exceeds 4.5 volts.




ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground -0.3Vto +7.0V

Operating Temperature 0°C to 70°C; -40°C to +85°C for IND parts

Storage Temperature -40°C t0 +70°C; -40°C to +85°C for IND parts

Soldering Temperature 260°C for 10 seconds

* This is a stress rating only and functional operation of the device at these or any other conditions above

those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS (0°C to 70°C)
PARAMETER SYM MIN TYP MAX UNITS NOTES
Power Supply Voltage Vee 45 5.0 5.5 \Y
Input Logic 1 Vin 2.2 Vee \Y
Input Logic 0 ViL 0.0 +0.8 \

DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vo = 5V = 10%)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Input Leakage Current lie 1.0 +1.0 pA
1/Q Leakage Current ho -1.0 +1.0 uA
CE2ViusVee
Output Current @ 2.4V lox -1.0 mA
Output Current @ 0.4V loL 2.0 mA
Standby Current CE = 2.2V lcest 5 10 mA
Standby Current CE = Vgg-0.5V lcesz2 3 5 mA
Operating Current tcyc=200ns lccos 75 mA

. | (Commercial)
4
. | Operating Current tcyg=200ns lecon 85 mA
(Industrial)
Write Protection Voitage Vrp 4.25 \ 10
DC TEST CONDITIONS
, Outputs open.. -

é All voltages are referenced to ground.
| .
i



AC ELECTRICAL CHARACTERISTICS

(0°C 10 70°C; Vee=5.0V = 10%)

DS1225Y-150 | DS1225Y-170 | DS1225Y-200
PARAMETER SYMBOL | MIN [ MAX | MIN | MAX | MIN | MAX |UNITS | NOTES
Read Cycle Time tre 150 170 200 ns
Access Time tacc " 150 170 200 ns
OE to Output Valid toe 70 80 100 ns
CE to Output Valid tco 150 170 200 ns
OEorCEto tcoe 5 5 5 ns 5
Output Active
Output High Z from De- top 35 35 35. ns 5
selection
Qutput Hold from Ad- ton 5 5 5 ns
dress Change
Write Cycle Time twe 150 170 200 ns
Write Pulse Width twe 100 - 120 150 ns 3
Address Setup Time taw 0 0 0 ns
Write Recovery Time twri1 0 0 0 " ns 11
twr2 10 10 10 ns. 12
Output High Z from WE toow 35 35 35 ns 5
Output Active from WE toew 5 5 5 ns 5
Data Setup Time tos 60 70 80 ns 4
Data Hold Time toM1 0 0 0 ns 11
ton2 10 10 10 ns 12
AC TEST CONDITIONS
Output Load: 100pF + 1TTL Gate
Input Puise Levels: 0-3.0V
Timing Measurement Reference Levels
Input:1.5V Output: 1.5V
Input Pulse Rise and Fall Times: 5ns
CAPACITANCE. (ta = 25°C)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Input Capacitance CiN 10 PF
Input/Output Capacitance Cvo 10 pF

1
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READ CYCLE (1)

WRITE CYCLE 1 (2), (6), (7)

WRITE CYCLE 2 (2), 8)
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POWER-DOWN/POWER-UP CONDITION

N /

A
‘J tpp [o— —] tnsc’-—
N v T\
e L W\ |/
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LEAKAGE CURRENT L DATA RETENTION TIME _Jl
r*

I SUPPLIED FROM tor
UTHIUM CELL

POWER-DOWN/POWER-UP TIMING

SYM PARAMETER MIN MAX UNITS NOTES
teo CE at Vi before Power-Down 0 X us 10
tF Veg Slew from 4.5V to 0V (CE at Vi) 100 us
tR Vee Slew from OV to 4.5V (CE at Vi) 0 us
tRec CE at Vyy; after Power-Up 2 ms
{ta = 25°C)
SYM \ PARAMETER MIN MAX UNITS | NOTES
tor Expected Data Retention Time 10 years 9
WARNING:

Under nocircumstance are negative undershoots, of any amplitude, allowed when device is in battery backup mode.

NOTES:
1. WE is high for a read cycle.

2. OE = Vjyor Vi, If OE = Vi during a write cycle, the output butfers remain in a high impedance state.

3. twp is specified as the logical AND of CE and WE. twp is measured from the latter of CE or WE going low to
the earlier of CE or WE going high.

4. tpg is measured from the earlier of CE or WE going high.
S. These parameters are sampled with a 5 pF load and are not 100% tested.

'6. It the CE low transition occurs simuitaneously with or later than the WE low transition in Write Cycle 1, the
output buffers remain in a high impedance state during this period.

7. i the CE high transitionroccurs prior to or simultaneously with the WE high transition, the output buffers re-
main in a high impedance state during this period.



8. If WE is low or the WE iow transition occurs prior to or simultanecusly with the CE low transition, the output
buffers remain in a high impedance state during this period.

9. 'Each DS1225Y is marked with a 4-digit date code AABB. AA designates the year of manufacture. BB desig-
nates the week of manufacture. The expected tpg is defined as starting at the date of manufacture.

10.In a power down condition the voltage on any pin may not exceed the voltage on Vcc.
11. twr1, toH¢ are measured from WE going high.

! 12.twra. ton2 are measured from CE going high.

DS1225Y NONVOLATILE SRAM 28-PIN 720 MIL MODULE

PKG 28-PIN
DIM MIN MAX
A IN. | 1520 1.540

MM 38.61 38.12
B8 IN. 0.695 0.720

MM 17.65 18.29
C IN. 0.395 0.415
MM 10.03 10.54
D IN. 0.100 0.130
MM 2.54 3.30
E IN 0.017 0.030
MM 0.43 0.76
F N 0.120 0.160
MM 3.0 4.06

G IN. 0.090 0.110
MM 2.28 2.79

H N 0.590 0.630
MM 14,99 16.00

J N, 0.008 0.012
MM 0.20 0.30

K IN, 0.015 0.021
MM 0.38 0.53




ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

National
Semiconductor

ADCO0801, ADC0802, ADC0803, ADC0804,
ADCO0805 8-Bit uP Compatible A/D Converters

General Description

The ADCO0801, ADCO0802, ADC0803, ADC0804 and
ADC08B05 are CMOS 8-bit successive approximation A/D
converters which use a differential potentiometric ladder—
similar to the 256R products. These converters are de-
signed to allow operation with the NSC800 and INS8080A
derivative. control bus, and TRI-STATE® output latches di-
rectly drive the data bus. These A/Ds appear like memory
locations or 1/0 ports to the microprocessor and no inter-
facing logic needed.

A new differential analog voltage input allows increasing the
common-mode rejection and offsetting the analog zero in-
put voltage valua. In addition, the voltage reference input
can be adjusted to allow encoding any smaller analog volt-
age span to the full 8 bits of resolution.

Features

B Compatible with 8080 pP derivatives—no interfacing
logic needed - access time - 135 ns

A Easy interface to all microprocessors, or operates
“stand alone"

= Ditferential analog voltage inputs

8 Logic inputs and outputs meset both MOS and T2L volt-
age level specifications

B Works with 2.5V (LM336) voltage reference

8 On-chip clock generator

B 0V to 5V analog input voltage range with single 5V
supply

W No zero adjust required

® 0.3" standard width 20-pin DIP package

® Operates ratiometrically or with 5 Vpg, 2.5 Vg, or ana-
log span adjusted voltage reference

Key Specifications

8 Resolution 8 bits
= Total error % LSB, £ LSB and 1 LSB
100 pns

& Conversion time

Typical Applications
v
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. . . eas Q
Absolute Maximum Ratings (Notes1&2) Operating Conditions otes122) Q
Supply Voltage (Vcc) (Note 3) 6.5V Temperature Range TMINSTASTMAX 0
Voltage ADC0801/02LJ —~55°C<Tas +125°C 3
Logic Control Inputs —-0.3Vto +18V ADC0801/02/03/04LCJ —40°C<TA<+85°C ;
At Other Input and Outputs ~0.3Vto (Vo +0.3V) ADC0801/02/03/05LCN 0°C<Ta< +70°C o
Storage Temperature Range -65°Cto +150°C ADCO0804LCN 0°C<TA< +70°C Q
Package Dissipation at To=25°C 875 mW Range of Voo 45Vpcto 6.3 Vpe 8
Lead Temp: (Soldering, 10 seconds) 300°C S
S~
>
Electrical Characteristics 3
The following specifications apply for Vec=5 Vpc. TminS Ta < Tmax and foLk =640 kHz unless otherwise specified. 8
=1
Parameter Conditlons Min Typ Max Units : Q
ADCO0801: >
Tota! Adjusted Error With Full-Scale Ad]. e LS8 3
{Note 8) (See Section 2.5.2) 8
ADCQ802: (=]
Total Unadjusted Error VRer/2=2.500 Vpg F3A LSB &
(Note 8) . . g
ADC0803: o
Total Adjusted Error With Fuli-Scale Adj. Y LsB 8
(Note 8) (See Section 2.5.2) P=1
ADC0B04: * o
Total Unadjusted Error VRres/2=2.500 Vpg +1 Ls8
{Note 8) b 7/
ADCO0805:
Total Unadjusted Error Vreg/2-No Connection =1 LS8-
{Note 8)
VRer/2 Input Resistance (Pin 9) ADC0801/02/03/05 2.5 8.0 kQ
ADC0804 (Note 9) 1.0 1.3 kQ
Analog Input Voltage Range (Note 4) V(+) or V{—) Gnd-0.05 Veg+0.05 Voc
DC Common-Mode Error Over Analog Input Voltage + Y +% LS8
) Range
Power Supply Sensitivity Voe=5Vpg £10% Over +Vie % LS8
Allowsd ViN(+) and Vin(=) .
Voltage Range (Note 4) -
AC Electrical Characteristics I
The following specifications apply for Vcc=5 Vpc and Ta=25°C unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Te Conversion Time foLk = 640 kHz (Note 6) 103 114 1S
Te Conversion Time {Nota 5, 6) 66 73 1/fcLk
fok Clock Frequency Vee=5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle (Note 5) 40 60 %
CR Conversion Rate in Free-Running INTR tied to WH with 8770 conv/s
Mode TS =0 Vpc, fou =640 kHz .
tW(WRIL Width of WR [nput (Start Pulse CS=0Vpc (Note 7} 100 ns
Width) . -
tacc Access Time (Delay from Cp=100pF 135 200 ns
Falling Edge of RD to Output
Data Valid)
tiH, ton TRI-STATE Control (Delay C_=10pF, R =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circutts)
wi R Delay from Falling Edge . 300-, 450, ns
of WR or RD to Reset of INTR - o
Cin Input Capacitance of Logic ’ [ s 752 | pB
Control inputs . , . 3
Cout TRI-STATE Output - - 5% 7.5 pF
Capacitance (Data Butfers)




ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Electrical Characteristics (continued)
The following specifications apply for Vcg = 5Vpg and Tiuin < Ta € Tax, unless otherwise specified.

Symbol | Parameter ] Conditions [ mn | vyp | max [ units
CONTROL INPUTS [Note: CLK IN (Pin 4} is the input of a Schmitt trigger circuit and is therefore specified separately]
Vin(1): Logical “1” Input Voltage Vec=5.25Vpe 2.0 15 Voc
(Except Pin 4 CLK IN) _
Vin (0) Logical “0" Input Volitage Vec=4.75Vpe 0.8 Vpe
(Except Pin 4 CLK IN) '
N (1) Logical “1" Input Current ViN=5Vpc 0.005 1 rApc
(All Inputs)
Iin (0) Logical 0" Input Current Vin=0Vpc -1 —0.005 rApG
(All Inputs)
CLOCK IN AND CLOCKR
V1+ CLK IN (Pin 4) Positive Going 2.7 3.1 3.5 Voe
N Threshold Voitage
V- CLK IN (Pin 4) Negative 1.5 1.8 2.1 Voc
Going Threshold Voltage
VH CLK IN {Pin 4) Hysteresis 0.6 1.3 2.0 Voc
(Vr+)—=(vr-)
Vout (0} Logical *“0"” CLK R Output lo=360 pA 0.4 Voe
Voltage Vec=4.75Vpe
Vout (1) Logical “1"" CLK R Output lo=—360 xA 24 Voe
Voltage Veec=4.75Vpc
DATA OUTPUTS AND iNTR
Vout (0) Logical “0” Output Voitage
’ Data Outputs loytT=1.6 MA, Vcc=4.75 Vpg 04 Voc
INTR Output louT=1.0 MA, Veo=4.75 Vpg 0.4 Voe
Vout (1) Logical 1" Output Voitage lo=—360 pA, Vcc=4.75 Vpc 2.4 Vog
Vout (1) Logical “1"* Output Voitage lo=—10 pA, Vcc=4.75 Vpg 4.5 Vo'
lout TRI-STATE Disabled Output Vout=0Vpc -3 pApC
Leakage (All Data Buffers) Voutr=5Voc 3 rApC
IsouRce Vout Shortto Gnd, Ta=25°C 4.5 6 mApc
Isink Vour Shortto Vg, Ta=25°C 9.0 16 mApc
POWER SUPPLY
Icc Supply Current (Inciudes foLx =640 kHz,
Ladder Current) VRer/2=NC, Tp=25°C
and CS="1"
ADC0801/02/03/05 1.1 1.8 mA
ADCO0804 (Note 9) 1.9 25 mA

M1:MmmmmuamwvmbmdMWMOfmmmboM
NothnvotngesmmmmmbwmommmmAGMpohthMysmwwmDGnd.
M&Auwmmw.hmnvcchndwhalebrukdommngTVDo

Note & For Vin{—)2 Vm(+)mmmmwwmmemm«.Mbmmm(s.ebbckcﬁmn)whlchwl forward cencuct for
lmloclnpu!volmnmedododmpbdowqrmotonododeawwwmmkum.soumu.dmngtmatlowvcclmh(t.sw.urﬂghlmlamlog
nputs (5V) can cause thig input diode to P y at d temp es, and cause amors for analog inputs near full-scale. The spec atiows 50 mV forward
buddwmm-mmtulomumomdogdeounotemodtheswpfyvo«:qcbymoremSOmv.mowoodewmbemmTomﬁavean
-b-o-movocmsvmmmmomowmmrmmamwm«m«mvmw«mpmmmmlm tolerance and loading.

Note § Accuracy is guaranteed at foyx = 640 kiHz. At higher clock fr y can degr For lower clock fraquencias, the duty cycle limits can be extended
0 long as the minimum clock high time interval or minimum clock low time interval is no iees than 275 na.

NohtwnhlnWmmwbsmm&muwwmmmm“mwmsmmwwml‘hom
request is intemally latched, see Figure 2 and section 2.0.

Note7; The TS Input Is assumed to bracket the WH strobe input and timing s d on the WR puise width. An arbitrarily vide puise width will hoid the
mn-mmmmmwmnmwmmwwmmmmm(mmﬁwmx
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Typical Performance Characteristics
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ADC0801/ ADCOBO2/ADCOBO3/ADCOGO4/ ADC0805

TRI-STATE Test Circuits and Waveforms
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Typical Applications (continued)

6800 Interface
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications (continueg)

Directly Converting a Low-Level Signal A uP Interfaced Comparator
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Typical Applications (continued)

Self-Clocking Multiple A/Ds
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Typical Applications (continued)

pP Compatible Ditferential-input Comparator with Pre-Set Vos (with or without Hysteresis)
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Handling 10V Analog Inputs

Low-Cost, uP Interfaced, Temperature-to-Digital Converter.
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Typical Applications (continued)

Handling =5V Analog Inputs

U0

AAA

Yoo
3vge)
Q

<
> 100 *
q»‘.

VWA~

+

vin

Vint)

A0

[ak

Vee

WeF

Lol

*Beckman Instruments #694-3-R10K resistor array
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A Low-Cost, 3-Decade Logarithmic Converter
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Typical Applications (contnueq)
3-Decade Logarithmic A/D Converter

A,B,C,D=LM324A
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Typical Applications (Continued)

Sampling an AC Input Signal
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1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic (staircase waveform) is
shown in Figure fa. The horizontal scale is analog input
voitage and the particular points labeled are in steps of 1
LSB (19.53 mV with 2.5V tied to the Vrer/2 pin). The digital
output codes which correspond to these inputs are shown
as D~1, D, and D+ 1. For the perfect A/D, not only will
center-value (A~1, A, A+1,. . . .) analog inputs produce
the correct output ditigal codes, but also each riser (the
transitions between adjacent output codes) will be located
+, LSB away from each center-valus. As shown, the ris-
ers are ideal and have no width. Correct digital output codes
will be provided for a range of analog input voitages which
extend *Y, LSB from the ideal center-values. Each tread
(the range of dnalog input voltage which provides the same
digital output code) is therefore 1 LSB wide.

Figure 1b shows a worst case emor plot for the ADC0801.
All center-valued inputs are guaranteed to produce the cor-
rect output codes and the adjacent risers are guaranteed to
be no closer to the center-value points than +1; LSB. In
other words, if we apply an analog input equal to the center-

Transter Function

1

1

DIGITAL DUTPUT CODE

©
]

B 1

"
A=t A A+
ANALOS INPUT (Vypy)

value * 1/ LSB, we guarantse that the A/D will produce the
correct digital code. The maximum range of the position of
the code transition is indicated by the horizontal arrow and it
is guaranteed to be no more than ' LSB.

The error curve of Figure 1c shows a worst case error plot
for the ADC0802. Here we guarantes that if we apply an
analog input equal to the LSB analog voltage center-value
the A/D will produce the correct digital code.

Next to each transfer function is shown the comresponding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the error is con-
tinuously displayed and includes the quantization uncertain-
ty of the A/D. For example the error at point * of Figure 1a
is + '/, LSB because the digital cods appeared Y, LS8 in
advance of the center-value of the tread. The error plots
always have a constant negative slope and the abrupt up-
side steps are always 1 LSB in magnitude.

Error Plot

s1tss

YN

' t

h v

' '

4 1

{ '

A e e ———-

t v 4

1 [}

! 1

1 L

A~t A A
ANALOS INPUT (Vi)

a) Accuracy= +0 LSB A Perfect A/D

Error Plot

Transter Function
E >
E \ iy 8
5 [
: " i
H e
S0} .-F.,-—' o T
R N Sss f-emd e IL--'--—--
H H b st 1 1 H
A= A (X3} A A+l
ANALOG SNPUT (Vyyg} ANALOG INPUT {V)yy)
b) Accuracy= + 1, LSB
Transfer Function Error Plot
+1Lss
3 --—' ————— !—-_ -
Sour - -
[ ¥ (] 3
£ ; g [ L ouant
2 ot 3 H h ) " Tewnor
- p H 1
ao-rrr ? " «
an AV
i ! I “ruse I 2 !

A=t A Asl
ARALOS ISPUT (Vg)

C) Accuracy=.1 14 LSB

A=l A Aey
ARALOS INPUT (Vi)
TUL/HISB71-12

FIGURE 1. Claritying the Error Specs of an A/D Converter




2.0 FUNCTIONAL DESCRIPTION

The ADC0801 series contains a circuit equivalent of the
256R network. Analog switches are sequenced by succes-
sive approximation logic to match the analog difference in-
put voltage [Vin(+) — Vin(—)] to a corresponding tap on
the R network. The most significant bit is tested first and
after 8 comparisons (64 clock cycles) a digital 8-bit binary
code (1111 1111 = full-scale) is transferred to an output
latch and then an interrupt is asserted ((NTR makes a high-
to-low transition). A conversion in process can be interrupt-
ad by issuing a second start command. The device may be
operated in the free-running mode by connecting INTA to
the WR input with CS=0. To insure start-up under all possi-
ble conditions, an external WR pulse is required during the
first power-up cycle.

On the high-to-low transition of the WR input the internal
SAR latches and the shift register stages are reset. As long
as the TS input and WR input remain low, the A/D will re-
main in a reset state. Conversion will start from 1 to 8 clock
periods after at least one of these inputs makes a low-to-
high transition.

A functional diagram of the A/D converter is shown in Fig-
ure 2. All of the package pinouts are shown and the major
logic control paths are drawn in heavier. weight lines. -

The converter is started by having C35 and WR simulta-
neously low. This sets the start flip-flop (F/F) and the resuit-
ing 1" level resets the 8-bit shift register, resets the Inter-
rupt (INTR) F/F and inputs a “1" to the D flop, F/F1, which
is at the input end of the 8-bit shift register. Intsrnal clock
signals then transfer this “1”* to the Q output of F/F1. The
AND gate, G1, combines this “1" output with a clock signai
to provide a reset signal to the start F/F. If the set signal is
no longer present (either WH or C3isa"1") thestart F/F is
reset and the 8-bit shift register then can have the "1"
clocked in, which starts the conversion process. if the set
signal were to still be present, this reset pulse would have
no effect (both outputs of the start F/F would momentarily
be at a “1" level) and the 8-bit shift register would continue
to be held in the reset mode. This logic therefore allows for
wide TS and WR signals and the converter will start after at
least one of these signals returns high and the internal
clocks again provide a reset signal for the start F/F.

“17 = RESET SHIFT AEGISTER
8" = SUSY AND QUIESCENT STATE

§0800QV/v0800QYV/£0800AV/20800aV/108000V
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FIGURE 2. Block Diagram
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After the “1” is clocked through the 8-bit shift register
(which completes the SAR search) it appears as the input to
the D-type latch, LATCH 1. As soon as this 1" is output
from the shift register, the AND gate, G2, causes the new
digital word to transfer to the TRI-STATE output latches.
When LATCH 1 Is subsequently enabled, the Q output
makes a high-to-low transition which causes the INTR F/F
to set. An inverting butfer then supplies the INTR input sig-
nal,

Note that this SET control of the INTR F/F remains low for
8 of the extemal clock periods (as the intemal clocks run at
4 of the frequency of the external clock). If the data output
is_continuously enabled (CS and RD both held low), the
INTR output will still signal the end of conversion (by a high-
to-low transition), because tha SET input can control the Q
output of the INTR F/F even though the RESET input is
constantly at a “1" level in this operating mode. This INTR
output will therefore stay low for the duration of the SET
signal, which is 8 periods of the external clock frequency
(assuming the A/D is not started during this interval).
When operating in the free-running or continuous conver-
sion mode (INTH pin tied to WR and TS wired low—see
also section 2.8), the START F/F is SET by the high-to-low
transition of the INTH signal. This resets the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
to go low. As the latch enable input is still present, the Q
output will go high, which then allows the INTR F/F to be
RESET. This reduces the width of the resuiting INTR output
pulse to only a few propagation delays (approximately 300
ns).

When data is to be read, the combination of both TS and
AD being low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-
bit digital outputs.

2.1 Digital Control Inputs

The digital control inputs (CS, RD, and WR) meet standard
T2L logic voitage levels. These signals have been renamed
when compared to the standard A/D Start and Output En-
able labels. In addition, these inputs are active low to allow
an easy interface to microprocessor control busses., For
non-microprocessor based applications, the TS input (pin 1)
can be grounded and the standard A/D Start function is
obtained by an active low puise applied at the WR input (pin
3) and the Qutput Enable function is caused by an active
fow pulse at the AD input (pin 2).

2.2 Ansiog Differential Voitage inputs and
Common-Mode Rejection

This A/D has additional applications flexibility due-to the
analog differential voltage input. The Vin(=) input (pin 7)
carrbe used to automatically subtract a fixed voitags value
from the input reading (tare correction). This is also useful in
4 mA-20 mA current loop conversion. In addition, common-
mode noise can be reduced by use of the differential input.
The time interval between sampling ViN(+) and Vin(—) is 4-
Y clock periods. The maximum error voltage due to this

slight time difference between the input voltage samples is
given by:

4.5
AVe(MAX) = (Vp) (21rfem) (a ).

where:
AVy is the error voltage due to sampling delay
Vp is the peak value of the common-mods voltage
fem is the common-mode frequency

As an example, to keep this error to 1/, LSB (~5 mV) when
operating with a 60 Hz common-mode frequency, fcm, and
using a 640 kHz A/D clock, fok, would allow a peak value
of the common-mode voitage, Vp, which is given by:

Vp = [AVsmax (oLl
(27rtem) (4.5)
or
_Bx 10-3) (640 109)
(6.28) (60) (4.5)
which gives
Vpa1.9V. .

The allowed range of analog input voltages usually places
more severe restrictions on input common-mode nojse lev-
els.

An analog input voftage with a reduced span and a relatively
large zero offset can be easily handled by making use of the
ditferential input (see section 2.4 Reference Voltage).

2.3 Analog Inputs
2.3.1 Input Current

Normal Mode

Due to the intemnal switching action, displacement currents
will flow at the analog inputs. This is due to on-chip stray
capacitance to ground as shown in Figure 3.
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FIGURE 3. Analog Input impedance
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The voltage on this capacitance is switched and will resultin
currents entering the Vin(+) input pin and leaving the
Vin{—) input which wili depend on the analog differential
input voltage levels. These current transients accur at the
leading edge of the internal clocks. They rapidly decay and
do not cause errors as the on-chip comparator is strobed at
the end of the clock period.

Fauit Mode

if the voltage source which is applied to the Vin(+) pin
exceads the allowed operating range of Vo + 50 mV, large
input currents can flow through a parasitic diode to the Vcc
pin. If these currents could exceed the 1 mA max allowed
spec, an external diode (1N914) should be added to bypass
this current to the Vg pin (with the current bypassed with
this diode, the voltage at the Vin(+) pin can exceed the
Vg voltage by the forward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resist-
ances of the analog signal sources. This charge pumping
action is worse for continuous conversions with the Vin(+)
input voltage at full-scale. For continuous conversions with
a 640 kHz clock frequency with the Vin(+) input at 5V, this
DC current is at a maximum of approximately § pA. There-
fore, bypass capacitors should not be used at the analog
inputs or the Vrer/2 pin for high resistance sources >1
k(). If input bypass capacitors are necessary for noise filter-
ing and high source resistance is desirable to minimize ca-
pacitor size, the detrimental effects of the voltage drop
across this input resistance, which is due to the average
value of the input current, can bs eliminated with a full-scale
adjustment while the given source resistor and input bypass
capacitor are both in place. This is possible because the
average value of the input current is a precise linear func-
tion of the differential input voitage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause errors as the input cur-
rents settle out prior to the comparison time. If a low pass
filter is required in the system, use a low valued series resis-
tor (< 1 kQ) for a passive RC section or add an op amp RC
active low pass filter. For low source resistance applica-
tions, (< 1 kQ), a 0.1 uF bypass capacitor at the inputs will
prevent pickup-dus to series lead inductance of a long wire.
A 100Q series resistor can be used to isolate this capaci-
tor—both the R and C are placed outside the feedback
loop~—from the output of an op amp, if used.

2.3.4 Noise .

Tha leads to the analog inputs (pin 6 and 7) should be kept
as short as possible to minimize input noise coupling. Both
noise and undesired digital clock coupling to these inputs
can cause system errors. The source resistance for these-
inputs should, in general, be kept below 5 kQ2. Larger values
of source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed from the analog in-
puts to ground, will eliminate system noise pickup but can
create analog scale errors as these capacitors will average
the transient input switching currents of the A/D (see sec-
tion 2.3.1.). This scale error depends on both a large source

resistance and :he use of an input bypass capacitor. This
error can be eliminated by doing a full-scale adjustment of
the A/D (adjust VReg/2 for a proper full-scale reading—see
section 2.5.2 on Full-Scale Adjustment) with the source re-
sistance and input bypass capagcitor in place.

2.4 Reference Voltage

2.4.1 Span Adjust

For maximum applications flexibility, these A/Ds have been
designed to accommodate a 5 Vpg, 2.5 Vpc or an adjusted
voltage reference. This has been achieved in the design of
the IC as shown in Figure 4.

Vet (VRer)
o
n
<
R
-2
VRera ; OIGITAL
CIRCUITS
>
2 }_
)
S
*
1 ANALOG
Ky § Qcong CIRCUITS 3
AGND 18 Dand [0

TL/H/5671-16
FIGURE 4. The Vrererence Designon the IC

Notice that the reference voltage for the IC is either ¥ of
the voitage which is applied to the Vcc supply pin, or is
aqual to the voltage which is externally forced at the Vrer/
2 pin. This allows for a ratiometric voitage reference using
the Vg supply, a 5 Vpg reference voltage can be used for
the Vg supply or a voltage less than 2.5 Vpc can be ap-
plied to the VRer/2 input for increased application flexibility.
The internal gain to the Vpeg/2 input is 2 making the fuil-
scale differential input voltage twice the voitage at pin 9.

An example of the use of an adjusted reference voltage isto
accommodate a reduced span—-or dynamic voltage range
of the analog input voitage. If the analog input voltage were
to range from 0.5 Vpg to 3.5 Vpc, instead of OV to § Vpc,
the span would be 3V as shown in Figure 5. With 0.5 Vpc
applied to the Vin(—) pin to absorb the offset, the reference
voltage can be made equal to ¥z of the 3V span or 1.5 Voc:
The A/D now will encode the Vin(+) signal from 0.5V to 3.5
V with the 0.5V input corresponding to zero and the 3.5 Vpc
input corresponding to full-scate. The full 8 bits of resolution
are therafore applied over this reduced analog input voltage
range. :
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*Add # VRgr/2 < 1 Vg with LM358

to draw 3 mA to ground.
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b) Accommodating an Analog Input from

0.5V (Digital Out = = 00ugy) to 3.5V
(Digital Out=FFygy)

FIGURE 5, Adapting thie A/D Analog Input Voitages to Match anArbitrary Input Signat Range

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or an
absolute mode. In ratiometric converter applications, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels out in the final digital output
code. The ADCO0805 is specified particularly for use in ratio-
metric applications with no adjustments required. In abso-
lute conversion applications, both the initial value and the
temperature stability of the reference voltage are important
accuracy factors in the operation of the A/D converter, For
VRer/2 voltages of 2.4 Vpc nominal value, initial errors of
+10 mVpg will cause conversion errors of +1 LSB dus to
the gain of 2 of the Vgee/2 input. In reduced span applica-
tions, the initial value and the stability of the Vger/2 input
voitage become even more important. For ‘example, if the
span is reduced to 2.5V, the analog input LSB voltage value
is correspondingly reducsd from 20 mV (5V span) to 10 mv
and-1 LSB at the VRgz/2 input becomes 5 mV. As can be
seen, this reduces the allowed Initial tolerance of the refer-
ence voltage and requires correspondingly less “absociute
change with temperature variations, Note that spans smaller
than 2.5V place even tighter requirements on the initial ac-
curacy and stability of the reference source.

In general, the magnitude of the reference voltage will re-
quire an initial adjustment. Errors due to an improper valus
of reference voitage appear as full-scale errors in the A/D
transfer function. IC voltage regulators may be used for rof-
erences if the ambient temperature changes are not exces-
sive. The LM3368 2.5V IC reference diode (from National
Semiconductor) is available which has a temperature stabili-
ty of 1.8 mV typ (6 mv max) over 0*C<To< +70°C. Other
temperature range parts are also available, )

2.5 Errors and Reference Voltage Adjustments

2.5.1Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage valus, Vingming, is not ground,
a zero offset can be done. The converter can be made to
output 0000 0000 digital code for this minimum input voltage
by biasing the A/D Vin(—) input at this Vinguiny value (see
Appiications section). This utilizes the differential mode op-
eration of the A/D.

The zero efror of the A/D converter relates to the location
of the first riser of the transfer function and can be mea-
sured by grounding the Vv (—) input and applying a smatl
magnitude positive voltage to the V {+) input. Zero error is
the difference between the actual 0C input voltage which is
necessary to just cause an output digital code transition
from 0000 0000 to OGO 0001 and the ideal Y, LSB value
(Y2 LSB = 9.8 mV for VRge/2=2.500 Voc)-

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a ditfer-
ential input voltage which is 14 LSB down from the desired
analog full-scale voitage range and then adjusting the mag-
nitude of the Vaer/2 input (pin9 or the Ve supply if pin9is
not used) for a digital output code which is just changing
from 1111 1110 to 1111 1111,

!
i
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2.5.3 Adjusting for an Arbitrary Analog Input Voltage
Range
If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input sig-
nal which does not go to ground) this new zero reference
should be properly adjusted first. A Vin(+) voltage which
equals this desired zero reference plus ¥, LSB (where the
LSB is calculated for the desired analog span, 1 LSB=ana-
log span/256) is applied to pin 6 and the zero reference
voltage at pin 7 should then be adjusted to just obtain the
00HEeX to 014ex code transition.
The full-scale adjustment should then be made (with the
proper Vin(—) voltage applied) by forcing a voitage to the
Vin(+) input which is given by:
-V
Vin (+) 8 ad] = Vpyax—1.5 [-(V"“—Ax——”‘Nl]
256

where:

Vpmax = The high end of the analog input range
and

Vamin =the low end (the offset zero) of the analog range.
(Both are ground referenced.)
The VRes/2 (or Vog) voitage is then adjusted to provide a
code change from FEygx to FFuex. This completes the ad-
justment procedure.

2.6 Clocking Option

The clock for the A/D can be derived from the CPU clock or
an external RC can be added to provide self-clocking. The
CLK IN (pin 4) makes use of a Schmitt trigger as shown in
Figure 6.

W/
CLKA
i}
Py LI
8 CLR=11RC
coin, l>° e R=10kQ
14
TL/H/587T1-17

FIGURE 6. Self-Clocking the A/D

Heavy capacitive or OC loading of the clock R pin should be
avoided as this will disturb normal converter operation.
Loads less than 50 pF, such as driving up to 7 A/D convert-
er clock inputs from a single clock R pin of 1 converter, are
allowed. For larger clock line loading, a CMOS or low power
T2L buffer or PNP input logic should be used to minimize the
loading on the clock R pin {do not use a standard T2L buff-
er).

2.7 Restart During a Conversion

it the A/D is restarted (CS and WR go low and return high)
during a conversion, the converter is reset and a new con-
version is started. The output data latch is not updated if the
conversion in process is not allowed to be completed, there-
fore the data of the previous conversion remains in this
latch. The INTH output also simple remains at the “1" level.

2.8 Continuous Conversions

For operation in the free-running mode an initializing pulse
should be used, following power-up, to insure circuit opera-
tion. In this application, the CS input is grounded and the
WH input is tied to the INTR output. This WR and INTR
node shoutd be momentarily forced to logic low following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussing also
greatly adds to the stray capacitance of the data bus.
There are some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of the
data bus slows down the response time, even though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can be driven (see typical
characteristics curves).

At higher CPU clock frequencies time can be extended for
1/0 reads (and/or writes) by inserting wait states (8080) or
using clock extending circuits (6800).

Finally, if ime is short ‘and capacitive loading is high, exter-
nal bus drivers must be used. These can be TRI-STATE
buffers {low power Schottky is recommended such as the
DM74LS240 series) or special higher drive current products
which are designed as bus drivers. High current bipolar bus
drivers with PNP inputs are recommended.

2.10 Power Suppiies

Noise spikes on the Ve supply line can cause conversion
amors as the comparator will respond to this noise. A low
inductance tantalum filter capacitor should be used close to
the converter Vcg pin and values of 1 uF or greater are
recommended. If an unregulated voltage is availabie in the
system, a separate LM340LAZ-5.0, TO-92, 5V, voltage regu-
lator for the converter (and other analog circuitry) will greatly
reduce digital doise on the Vg supply.

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satisfactory for
breadboarding this A/D converter. Sockets on PC boards
can be usad and all logic signal wires and leads should be
grouped and kept as far away as possible from the analog

signal leads. Exposed leads to the analog inputs can-cause.

undesired digital noise and hum pickup, therefore shislded
leads may be necessary in many applications.
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Eay 2 ot

A single point analog ground should ba.used whicivis.sapa~
rate from the logic ground points. The power supply bypass
capacitor and the self-clocking capacitor (if used) should
both be retumed to digital ground. Any Vrer/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shieid-
ing should be retumed to the analog ground point. A test for
proper grounding is to measure the zero etror of the A/D
converter. Zefo errors in excess of 1/, LSB can usually be
traced to improper board layout and.wiring (see section
2.5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER*

There are many degrees of complexity associated with test-
ing an A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and use LEDs
to display the resulting digital output code as shown in Fig-
we7.

For ease of testing, the VRrer/2 (pin ) should be supplied
with 2.560 Vpc and a Vge supply voltage of 5.12 Vpe
should be used. This provides an LSB value of 20 mV.

if.a full-scale adlustment is to be made, an analog input
voltage of 5.090 Vpc'(5.120-1Y; LSB) should be applied to
the Vn(+) pin with the Vin(~) pin grounded. The value of
the Vper/2 input voltage should then be adjusted until the
digital output code is just changing from 1111 1110 to 1111
1111, This value of Vrer/2 should then be used for all the
tests.

The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). Table | shows the fractional
binary equivalent of these two 4-bit groups. By adding the
decoded voltages which are obtained from the column: in-
put voltage value for a 2.560 VRgg/2 of both the MS and the
LS groups, the value of the digital display can be deter-
mined. For exampls, for an output LED display of 1011 0110

Y tox
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: Im.r A
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FIGURE 7. BasicA/D Tester

or 86.(in hex), the voltage vaiues framy the.tablerare:3.520Es

0.120 or 3.640 Vpg. These voltage values represent
center-values of a perfect A/D converter. The effects.
quantization error have to be accounted for in the |nterpre
tion of the test results.

For a higher speed test system,.or to obtain plotted data,q
digital-to-analog converter is needed for the test set-up. Ag
accurater 10-bit DAC can serve as the precision voltagg
sowce .for the A/D. Errors of the A/D under test can bg
provided. as either analog voltages or differences in 2 ditigag

~

A basic A/D tester which uses a DAC and provides the erto
as an analog output voltage is shown in Figure 8. The 2
amps can be eiminated if a lab DVM with a numerical sul
traction feature is available to directly readout the Uifference
voltage, “A-C". The-analog input voltage can be supplwed
by a low frequency ramp generator and an X-Y plotter can
be used to provide analog error (Y axis) versus analog inpu&
(X axis). The construction-details of a tester of this type are
provided in the .NSC application note AN-179, “Analog-t
Digital COnvener Tasting”.

For operation with a microprocessor of a computer-b

test system, it is more convenient to present the errors di
tally: This can be done with the circuit of Figure 9, where
output code transitions can be detected as the10-bit DAACIE
incremented. This provides Y, LS8 steps-forthe 8-bit
under test. If the results of this test are automatically plo

. with the analog input on the X axis and-thg error (in LSB"S

1

" . and [70 W-strobes-and. decoding: the-address. bits A
"AZ.(oc address:bits. A8".—» A15.aa they. will containy:

as the Y axs, a useful transfer function of the A/D unded
test results. For acceptancs testing, the plot is not necess
sary and the testing speed can be increased by establishinq
internal limits on the allowed érror tor each code. :

4.0 MICROPROCESSOR INTERFACING
To dicuss the interface with 8080A and 6800 microproces~
sorg, a common sample subroutine structure is used.
microprocessor starts the A/D, reads and stores the r

of 16 successive conversions, then returns to the usets
program: The- 16 data bytes.ara stored-in. 16
memory locations. All Data and Addresses will be giv
hexadecimal form. Software and hardware details-arer pi
vided separately for each type of microprocessor:

4.1 intertacing 8080 Microprocessor Derivatives (80

Y T

8085)- ° P

E:

This-converter has been designed to dlmly interface’
derivatives. of the 8080 microprocessor: The A/D carr be
mapped-.imo. memory space (using standard memory
dress decoding for CS and the MEMR-and. MEMW strob
or it camrbe controlled as an I/Q devica by.using the.l/

same-8-bit address Information) to obtairy the-TS input.
(ing- thex|/O* space: provides:»256 additional addrasses
mayallowa simpler 8-bit address decoder but the data
only be input-to- the: accumulator: To-make userof-ther add
'tlonak:memory references instructionss. therA/D.: shoulds bef
mapped into memoty: space.-Anr exampie- of an-A/D in 146§
spacexis showmn Figurex 10. -




LM135/LM235/LM335, LM135A/LM235A/LM335A

National
Semiconductor

LM135/LM235/LM335, LM135A/LM235A/LM335A
Precision Temperature Sensors

General Description

The LM135 series are precision, easily-calibrated, integrat-
ed circuit temperature sensors. Operating as.a 2-terminal
zener, the LM135 has a breakdown voltage directly propor-
tional to absolute temperature at +10 mV/°K. With less
than 10 dynamic impedance the device operates over a
current range of 400 1A to 5 mA with virtually no change in
performance. When calibrated at 25°C the LM135 has typi-
cally less than 1°C error over a 100°C temperature range.
Unlike other sensors the LM135 has a linear output.
Applications for the LM135 include almost any type of tem-
perature sensing over a —55°C to + 150°C temperature
range. The low impedance and linear output make intertac-
ing to readout or control circuitry especially easy.

The LM135 operates over a —55°C to + 150°C temperature
range while the LM235 operates over a —40°C to + 125°C
temperature range. The LM335 operates from —40°C to
+100°C. The LM135/LM235/LM335 are available pack-
aged in hermetic TO-46 transistor packages while the
LM335 is also available in plastic TO-92 packages.

Features

= Directly calibrated in °Kelvin

# 1°C initial accuracy available

® Operates from 400 pA to 5 mA

| Less than 102 dynamic impedance
® Easily calibrated

® Wide operating temperature range
& 200°C overrange

B Low cost

Schematic Diagram
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Typical Applications

Basic Temperature Sensor
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Absolute Maximum Ratings

Special Operating Temp. Range

.

Intermittent
geverse Current 15 mA Continuous (Note 2)
Forward Current 10mA LM135,LM135A  ~55'Gto +150°C  150°C 10 200°C
Storage Temperature LM235, LM235A —40°Cto £125°C  125°Cto 150°C
TO-46 Package —60°Cto +180°C LM335, LM335A —40°Cto £100°C  100°Cto 125°C
TO-92 Package -60°Cto +150°C Lead Temp. (Soldering, 10 seconds) 300°C
Temperature Accuracy Lm13s/LM235, LM135A/LM235A (Note 1)
Parameter Conditions LM135A/LM235A LM138/LM23% Units
Min Typ Max Min Typ
Operating Output Voitage Tc = 25°C,lg = 1mA 297 | 298 | 299 | 295 | 298 | 3.01 v
Uncalibrated Temperature Error | Tg = 25°C,lg = 1 mA 0.5 1 1 3 ‘C
Uncalibrated Temperature Error | Tamin < Te < Tmax I = 1 mA 1.3 27 2 °C
Temperature Error with 25°C TMIN < Tg < Tmax: I = 1 mA 0.3 1 0.5 1.5 °C
Calibration
Calibrated Error at Extended Tc = Tmax (intermittent) 2 2 °C
Temperatures
Non-Linearity IR =1mA 0.3 0.5 0.3 1 *‘C
Temperature Accuracy Lmsas, LM335A (Note 1)
Parameter Conditions LPoss £N335 Units
Min Typ Min Typ Max
Operating Output Voltage Tc=25C,lg = 1 mA 295 | 298 | 3.01 292 |-298 | 3.04 v
Uncalibrated Temperature Error | Tg = 25°C,Ig = 1 mA 1 3 2 8 °C
Uncalibrated Temperature Emor | Tmin < Te < Tmax, ln = 1 mA 2 4 *C
Temperature Error with 25°C TMIN < Tc < TMax. IR = 1 mA 0.5 1 1 2 *C
Calibration
Calibrated Ervor at Extended Tc = Tmax (intermittent) 2 2 *C
Temperatutes
Non-Linearity lr=1mA 0.3 1.5 0.3 1.5 °C
Electrical Characteristics (ote 1)
LM135/LM235 LM335
Parameter Conditions LM135A/LM235A LM335A Units
Min Typ Max Min Typ Max
Operating Output Voltage 400 pA<IR<5SmA 25 10 3 14 mv
Change with Current At Constant Temperature
Dynamic Impedance lrR=1mA 0.5 0.6 43
Qutput Voltage Temperature +10 +10 mvV/*C
Drift
Time Constant Still Air 80 80 $6C
100 ft/Min Air 10 10 soc’
Stirred Oil. 1 1 86C
Time Stability Tc=125"C 0.2 0.2 " *Clihr

Note 1: Accuracy measurements are made in a well-stimed oll bath. For other conditions, seif heating nust be considered.

at thess

Note 2 C perath

P

DX for 10,000 hours for H package and 5,000 hours for Z package may decreess fiie expectancy.of the devics

VSEEWT/VSEZINT/VSELINT ‘SCENT/SETNT/SELINT

ISR VRS B
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LM135/LM235/LM335, LM135A/LM235A/LM335A

Typical Performance Characteristics

REVEASE VOLTAGE CHANGE {mV}

YOLTAGE SWING (V)

THERMAL RESISTANCE ("C/W)

R L LT )

30

Reverse Voitage Change Calibrated Error Reverse Characteristics
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Application Hints

CALIBRATING THE LM135

included on the LM135 chip is an easy method of catibrating
the device for higher accuracies. A pot connected across
the LM135 with the arm tied to the adjustment terminal al-
lows a 1-point calibration of the sensor that cormrects for
inaccuracy over the full temperature range.

This single point calibration works because the output of the
LM135 is proportional to absolute temperature with the ex-
wapolated output of sensor going to OV output at 0°K
{—273. 15°C). Errors in output voltage versus temperature
are only slope (or scale factor) so a slope calibration at one
temperature corrects at all temperatures.

The output of the device (calibrated or uncalibrated) can be
expressed as:

T
Voutr = VouTy, X .

where T is the unknown temperature and T, is a reference
temperature, both expressed in degrees Kelvin. By calibrat-
ing the output to read correctly at one temperature the out-
put at ali temperatures is comect. Nominally the output is
calibrated at 10 mV/*°K.

Typical Applications (Continued)

Minimum Temperature Sensing

Average Temperature Sensing

To insure good sensing accuracy several precautions must
be taken. Like any temperature sensing device, self heating
can reduce accuracy. The LM135 shouid be operated at the
lowest current suitable for the application. Sufficient current,
of course, must be available to drive both the sensor and
the calibration pot at the maximum operating temperature.

If the sensor is used in an ambient where the thermal resist-
ance is constant, self heating errors can be calibrated out.
This is possible if the device is run with a temperature stable
current. Heating will then be proportional to zener voitage
and therefore temperaturs. This makes the self heating er-

ror proportional to absolute temperature the same as scale -

factor errors.

WATERPROOFING SENSORS

Maeitable inner core heat shrinkable tubing such as manu-
factured by Raychem can be used to make low-cost water-
proof sensors. The LM335 is inserted into the tubing about
14" from the end and the tubing heated above the meiting
point of the core. The unfilled 14" end meits and provides a
seal over the device.

Remote Temperature Sensing

15V 15¥
1
ot "
ouTPYT
L ".":"'v" Tavg (08 mvr°x) 1A, ‘:[m
(L= 4 a8 LM M335 7
ik L‘—;
336 Wire length for 1°C efor dus to wire drop
Ig =1mA lr = 0.5mA
= AWG FEET FEET
14 4000 8000
16 2500 5000
18 1600 3200
20 1000 2000
22 625 1250
|sotated Temperature Sensor 24 400 800
1 uf

b
-

WmvrK

TL/H/5658-4
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LM135/LM235/LM335, LM135A/LM235A/LM335A

Typical Applications (continueq)
Simple Temperature Controller

1BV -J0v
]
$n
‘b
HEATER
e S 4
<im :' s q: R0
$
L HoNs
Lmg2sc I U
'E’uln ustur | uan l uass
A T 5 r
>
38 !
b
Simple Temperature Control
138
HEATER r——k_,
P " ugse 1o 1
s S =
SET
TEMPERATURE b
VAA L3288
>
<
L
AL
-tov
Ground Referred Fahrenheit Thermometer Centigrade Thermometer
15 " .
AAA [I
L f ‘:: Y
] 0ITIUT
18 av/ e
3.~ b4 100
oureuT 4
1mv/F
- 11
“Adjust A2 for 2.554V across LM336, *Adjust for 2.73V at output of LM308

Adjust R1 for comrect output.
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| 455 A }l-vﬂ
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-

TL/H/5698- 5!
“To callbrate adjust R2 for 2.554V across LM336.

Adjust R1 for comrect output.
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pical Applications (Continued)

THERMOCOUPLE COLD JUNCTION COMPENSATION
Compensation for Grounded Thermocouple

*Select R3 for proper thermocouple type

18

THERMO- A3 SEEBECK
COUPLE COEFFICIENT
J arrn 52.3 uV/°C

T 3080 42.8 uV/*C

K 2930 40.8 uV/°C

s 4580 6.4 uV/°C

Adjustments: Compensatas lor both sensor and resistor tolerances

VSEEWT/VSESW1/VSELINT ‘SEEWT/SEZNT/SELINT

1. Short LM3298
2. Adjust R1 for Seebeck Coetficient timea ambient temperature (in degrees
K} across R3.
3 3. Short LM335 and adjust R2 for voitage across R3 comresponding to ther-
n mocoupie type
o J 14.32mV K 1117 mV
v . T 11.79 mV S 1.768 mV
singlo Power Supply Cold Junction Compensation
15
o
THERMOCOUPLE *Select R3 and R4 for thermocouple type
L THERMO- X R4 SEEBECK
COUPLE COEFFICIENT
= J 1.05K 3850 52.3 nVv/°C
v T ' 856N 3150 42.8 uV/°C
K 8160 3000 40.8 uV/*C
S 1280 46.301 6.4 uv/°C
Adjustments:
Ve ik 1. Adjust RY for the voltage across A3 equal 1o the Sesbeck Cosfficient
L, times ambi » in degreas Kelvin.
Luazse " SEA 2. Adiust R2 for voitage acrosa R4 cor ;
{ L Sm J 14.32mv K 1147 mv
= = < T 11.79 mv S 1.768 mV
=
Centigrade Callbrated Thermocouple Thermometer
10 4
4 1] 4.
A Ny AR AAAg=— 16¥
) e
3 (: S’ s 4'1‘:" . & a e
1 Termin ction In close proximity to LM33S.
w7 = Adjustments: o
1. Apply signat In piace of thermocoupie and adjust R3 for a gain of 245.7.
2. Short nonHinverting input of LM308A and output of LM3298 to ground.

3. Adjust R1 so that Voyr = 2.582V @ 25°C.

4. Remove short across LM3298 and adjust R2 80 that Voyr = 246 mV @
25'C.

5. Remove short across themocoupie.

TUH/S5ee8~-8
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LM135/LM235/LM335, LM135A/LM235A/LM335A
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Typical Applications (continueq) p
Fast Charger for Nickel-Cadmium Batterles
Differential Temperature Sensor w _ 3
1w 4
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THEMALLY COUPLEN— — — — > b
-1y
TAdlust D1 to 50 mV greater Vz than DZ. I .
Charge i on 5°C temp rise. Couple D2 to battery. =
Differential Temperature Sensor Variabie Otfset Thermometer:
v e n Y
]
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m $n A Ia
< > 15v & 199 - <
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1 owTIYT | AL ~
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= p
TAdjust for zero with sensor at 0°C and 10T pot set at 0°C m
“Adjust for zero output with 10T pot set at 100‘c’|ndsemor
at 100°C 3
*Ommdﬂmbomwmdﬂnm i'a
of 10T pot iy
Ground Referred Centigrade Thermometer Alr Flow Detector*
"y
.:u: om o v
1 L LA -
7
| ucs U outeyT.
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= 3 (
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Definition of Terms

Operating Output Voltage: The voltage appearing across
the positive and negative terminals of the device at speci-
fied conditions of operating temperature and current.
Uncallbrated Temperature Error: The emor between the
operating output voltage at 10 mV/*K and case temperature
at specified conditions of current and.case temperature.

Connection Diagrams

TO-92
Plastic Package

BOTTOM ViEW

Order Number LM3352Z or LM335A2
See NS Package Z03A

Catibrated Temperature Error: The error between operat-
ing output voltage and ‘case temperature at 10 mV/*K over
a temperature range at a specified operating current with
the 25°C error adjusted to zero.

TO-46
Metal Can Package*

20TTOM VIEW

TL/H/5808-8
*Case is connected to negative pin -
Order Number LM135H, LM235SH,
LM33SH, LM135AH, LM235AH or LM335AH
See NS Package HO3H
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National
Semiconductor

LM139/239/339, LM139A/239A/339A, LM2901, LM3302

Low Power Low Offset Voltage Quad Comparators

General Description

The LM139 series consists of four independent precision
voitage comparators with an offset voltage specification as
low as 2 mV max for all four comparators. These were de-
signed specifically to operate from a single power supply
over a wide range of voltages. Operation from split power
supplies is also possible and the low power supply current
drain is independent of the magnitude of the power supply
voltage. These comparators also have a unique characteris-
tic in that the input common-mods voltage range includes
ground, even though operated from a single power supply
voltage.

Application areas include limit comparators, simple analog
to digital converters; pulse, squarewave and time dsfay gen-
erators; wide range VCO; MOS clock timers; multivibrators
and high voltage digital logic gates. The LM139 series was
designed to directly interface with TTL and CMOS. When
operated from both plus and minus power supplies, they will
directly interface with MOS logic— where the low power
drain of the LM339 is a distinct advantage over standard
comparators.

Advantages
® High precision comparators
B Reduced Vg drift over temperature

/

M Eliminates need for dual supplies

® Allows sensing near GND

m Compatible with all forms of logic

B Power drain suitable for battery operation

Features
B Wide single supply voltage range of dual supplies
LM139 series, 2 Vpg to 36 Vpg or
LM139A series, LM2901 +1 Vpgto £18 Vpg
LM3302 2 Vpg to 28 Vp¢
or £1 Vpgto £14 Vpg
u Very low supply current drain (0.8 mA) — independent
of supply voltage (2 mW/comparator at +5 Vpc)

% Low input biasing current 25 nA
& Low input offset current +5nA
and offset voltage +3 mv

¥ Input common-mode voltage range includes GND

® Differential input voltage range equal to the power
supply voltage

¥ Low output saturation voitage 250 mV at 4 mA

= Output voltage compatible with TTL, DTL, ECL, MOS
and CMOS logic systems

Schematic and Connection Diagrams
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Typical Applications v+ = s.0vp
y Basic Comparator

Dual-in-Line Package
oWTINT) WTINT 4 e WPYT e MPUTA.  WPNTIe  WPUT ).
b 13 12 " i 1] L
o~
[ I 1 l ) O [y . r
WTNTE TRYT Y L WUt i, WMPUTIC  INPETE- T D

TP new

Order Nusnber LM138J, LM 139AJ, LM239J, LM230A,.
LM3I8, LM3IISAS, LM2901J or LM33024

See NS Package J14A -
Order Number LMIION, LM3I30AN, LM290 TN or LM3302N
See NS Package N14A

COEEWT ‘LO6ZINT ‘V6EE/V6EZ/VEELINT ‘6EE/6€2/6E1 N



13 %

0.52=VY1 ‘007 5 =0p lueun)
O0yu 1o o 1’0 1o 10 10 '0={=INiA'00 L 2(+INIp]  eBeysey 1nding
0.52=V1 ‘vw ySHNIS|
9aw| oos osz oo 00v 052 00 052 00r o052 00y  0s2 '0={+INip 007 | 2(-INIA|  &BeyoA UOREINIEG
0,52="1 ‘007 g' SO
yw gl 09 9l 09 9t 09 9l 09 st 09 9L 09 '0=(+INIp 00 | 2(~INip| uesmg yuig inding
(2 810N) ‘0,52 =V1
s el el el >4 [ § el 'UN 1'G=TY '00A g ==THp e esuodsey
0.52=Vy
‘U L'G=TY 00N G=THA OTp b1  ouyy esuodsey
su ooe 00e 00 0og 00€E 00e =33Hp ‘Bumg 91807 11 | = Nip Jeus obsa
0.52 = V1. '(Buimg OA ebse poddng
AW/A e 2 00l sz 002 | 002 002 0§ 002 0§ OUO0AGL = 4A URGLZY uen ebeyjon
O0yw 52 1 0:52=Y1 'AOE= A ‘= 1y
Nyw| 2z g0 0z g0 0z 80 0z g0 02 80 02 g0 052 =V 1 'S101818dWI0D |fB UG 00 =Ty weuny Addng
ebusy obejjon
Q0A {571~ 4 A 0 {S't—4A 0 [st—sA 0 IS~ 4A 0 |S1—4A 0 {S'L—4A 0 (9 910N} "0.52 = ¥ |apopy-uowwos jnduy
Ulyul 00LF €F 05F¥ S¥F 0S¥ 0ST SZ2T O0€EF 0S¥ 0S¥ SZT 0¢cT 0,52 =" "\=IN_T+INI| "J0eamy 105310 1nduy;
(s ®10N) '0.52 =V ‘obuey Jesup)
2yu| 0os sz 02 sz 0s2 sz 00l s 052 sz 00k sz unInding yim (=Nt so (+INY]  yueung serg induy
O0aw| 02F €7 0LF 02F 0S¥ 02F 0S¥ 02F 0ZF 01LF 02F 01LF (6 810N) "0.52 =V 1| eBeijoA 195350 ndu|
xeWw dALuw| xew dAL UlN] xew  dAL uin| xewy dAL UIN| xew dAL uig] xew dAL upm
sUO| 1] Jelowese,
N oW roszw 6EEWT ‘GE2T GELT VEEEWT 'V6EZNT | VoSt Honptod Sisureied
(v O10N D0p G = 4 p) SonsueoRIRY) [edu10913
Yui 05 Yw 0 (e @10N)
"(O0A £°0— >Nip) Jusnung Jndu;
snonunuon snonuguoy {2 810N)
0.00¢ 0.008 (spuodes ot ‘Guuepiog) ‘AND ol inouD-uoys Inding
einjesadws | pee MW 008 Noed 1ejd
0.051 + 019,59 — .05} + 010,59 — sbuey sinjesedws | ebeioyg MW 006 dig Apney .
0,521 + 010.65— VEELNT MW 0.5 MW o5 diQ pepiopy
0.58+ 010.0y ~ Lo6Zw (1 ®10N) uopedss| Jomoy
0,58+ 010,52~ V6ESNT 9078z + 01007 g0~ D0A gg + 0) O g oBejjoA indy
0.58+ 01 D.0v — 0.0L+010,0 V6EEWT 0ap g2 00p 9 oBelioA induj repueseyig
obuey eumeseduie |, Bupriadp O0A pL 3 1000) gz 00A g1 ¥ 40 00p gg + A 'eBejon Aiddng
L0621 106z
ZOLEW VEEEN1/VEEZNT/VEELINT Zoeew VEEEWT/VEEZNT/VEELINT
6EENT/6EZNT/6ELINT 6EEW1/6EZW1/6ELINT

sbupey wnwixep ainjosqy

ZOEEWT ‘LO6ZINT ‘VBEE/V6EZ/VEELINT ‘6£€/6€2/6EL N1

10-24



LM139/239/339, LM139A/239A/339A, LM2901, LM3302

3

O0A 54~ + A 01 294 0) 0BuRs opoU-UOURLIOD 1nchi N oL Jen0 puB DON G WL 4 A U LO=SY “OOA ¥t mOA ‘jurod ks indino T :§ ero
(0,52 18) (posn J) *Aiddna semod saneBeu eul jo epniuBew ewt mojeq 9 £'0,90) 297 €0~ Uiy 8s0) o tou femy
o1e1s eBejjon Indu) mof oy L “e181s INine 18d0sd € Bpin0sd [ Joreredwod et ‘eBur) BPOW-UCUALICO o) U supwe ebeyoa oo b se Buo) sy "feas) Aiddns me;oa oy} poooxs Avw 8BwjoA ﬁ&s Jo suosNox0 oARIOY b eloN
"UONOBS SNSLOIOBIEYD eoUBWIOMed (BOIIA 66S ‘PEUTIGO 6 UBD SU OO SiRUDlS eAup 10B18) 104 "oAUD. AW § W deis Indup AW 001 © % Paleds sum esuodses ey) 2 910N
4 B s

(2066 10) As2) eOuwdp shoyum S0A o¢ +
0} 08 ved sIndul YI0g JO 1BUYS INQ 'AG' L — 4+ A ! ©BURS 6621|104 BPOW-UOWIUOD BYY JO pue Jeddn Bl ‘AL Ul esow Aq eneBeu 08 0} pamoye eq 10U pinous e681joA [euBys induy Jetie J0 eBeoa epow-uowwos Indu eyy i e1oN
"80UN INdul 10 62UB0J81 B UO SIsixe eBuvYd Bulprol oU 0s INdIRG oY) 10 8l!s Byl JO deptn Ajjer &1 1uenn3 sty ‘eBers induy dNg ey 01 BN Dt BLl JO N0 81 IUeLNd Induj ath J0 =w=ur€ oy| “o ojoN

. Iy
058+ SYL50.0r~ 9 60ue) ainjeiodwiol ZOCENT '106ZW 04l PUB 'D,0L + S VLS 0.0 0) Poyusy e suoneayeds
ommiBsodwel VEEEWT/6EENT 841 ‘0,58 + 5 V150,52 ~ 01 pojy ose suoneoyoads exnjeiodwe) 12 ‘YEEZINT/6EZ OUl UIAL ‘POIBIS 6SWIBIO 8801un ‘0,521 + 5 Y1 50,56~ pue 90 5= 4 A 10} Aidd@ suopedyioeds esey) :y etoN
"0(.52 18) 20A €0~ uBy) 181000 0ARA B O) SLINles UrEBR ‘eAlEBou sEM UM ‘8BE1OA INdU] BUL LOUM US§GB)Se-61 1M 861818 1IN0 [BWIOU PUB BAY P 10U ] SR L ‘eayed :E.fv 81 Induy LB 1Y vogemp elip v& 10§ (ealipreac
e8| @ 104 punoiB 0} 10) j8A8] BBBIIOA 4 A 6U ) 0B 0} S101@BdWO By JO SBEHOA Indino Bt]] ©SNBO UBD UDKIB JoisisueN SN "dyd O} dpuo UofIoR JoIsisuRS oseIRd NN 810181 08[9 S) 810U 'UONI8 BPOIP SB[ 03 UOHIPPS U| ‘sdwe
aporp indu) se Bunoe Aqeseur pue peselq premio) Bujwodeq sIoisisuBR INJ 1ndul e JO uopoun| ©888Q-J0100]100 6Y) O} enp &} 1] .o>=3.oc ueAup 8 speel Induy ey 0 Aua 12 68910A el UBYM 15X AU M JUeIND INdY SNYY °E SION

' 4 A Jo 6pnyubew o J0 Juepuadept v 02 A ddu st Juesmo Indino y oy} uop P I pue a:amoc BASSEIXE OSNED UBD 4 A O} IndinN0 OUl WOJ) SYNJIO HOUS L Soz v
) t o1 POMOIR 018 SICISISURA Inchno e pepinoud ‘(M 001 > Od) HOWS Aiea uonedesp | ¢
diyo e a.n.og. SINKINO BLA) JO ONSUBIOBIRYD , 4IO-NQ.. 04l PUB UOHRAISSID SBIq MO B " dwej vopoun] 2 0.061 B UO v&sn P8jBIOp 6G 1SNW GEIW'T PUR BEZINT BYL Tueiquss 1re ins ¥ uj Bujjesedo 'preoq ynosp perupd -
B U] PaJepjos ediep oy} J0) sondde Udjum M/0.5.1 JO eouBISses fBuley) & pue du T f ! .52 B U0 poseq poielep eq 1snw ZOEEWT ‘1062 'VESEW1/8EEWNT o * di uBy ye B do 04 i3 910N
. (8 ©10N) ‘(pesn j1
00p | g2 -9¢ 0 9e -1 9e 9€ ‘= A 10) 907 0 z8NIA tje dee)i ebejoA nduy 1edueseyg
D0A 08 =O0A
S0y | ot oL oL ot ot oL 'g=(=INIp ©00p | (+INIp ueing eBeyee inding
1 VW 5 3NIS| :
Sapw( ooz 002 0O¥ 00L 00z 00z 00z '0=(+INIp *00A | 2(=INIp eBejjon uoneImes
. _, ebuey
O0A (02— +A 0 |02~ +A 0 102—4A 02— +A 0, [02- +A 0 j02-4A 0 { [eBe11oA SpoW-uourudy widuy
. ebuey seeln HE ]
SAyu| oot 005 002 ooy 00€ ooy 00€ upinding yim (~INipso (+)Ny weung sejg ndu]
30yu! oog 002 0§ e oL ¥ 05LF Ik N GHNGEjudung 1espo induy
O0aw| ov 18 6 06 06 oY ‘oY (6 ©10N) oBejjoA 1es0 nduy
suun xelw dAL uig| xewy dAL unn| xew dAL uim| xew dAL ui! xew dAL up xey dAL u suoppuos 10j0wesey
ZOSEWT 106211 6EEN'T ‘6T 6ELI V6EEWT ‘VEEZHT VeELWT

(renupuoo) SONISIIB)ORIRYY [ED11109]T

el
i

TR L I s B3

/ ! ! T T

i




LM139/239/339, LM139A/239A/339A, LM2901, LM3302

Typical Performance Characteristics miae/Lmz3o/LMas9, LM139A/LM239A/LM330A, LMag02
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Application Hints

The LM139 series are high gain, wide bandwidth devices
which, like most comparators, can easily oscillate if the out-
put lead is inadvertently allowed to capacitively couple to
the inputs via stray capacitance. This shows up only during
the output voltage transition intervals as the comparator
changes states. Power supply bypassing is not required to
solve this problem. Standard PC board layout is helpful as it
reduces stray input-output coupling. Reducing this input re-
sistors to < 10 k2 reduces the feedback signal levels and
finally, adding even a smalil amount (1 to 10 mV) of positive
feedback (hysteresis) causes such a rapid transition that
oscillations due to stray feedback are not possible. Simply
socketing the IC and attaching resistors to the pins will
cause input-output oscillations during the small transition in-
tervals unless hysteresis is used. If the input signal is a
pulse waveform, with relatively fast rise and fall times, hys-
teresis is not required.

All pins of any unused comparators should be grounded.
The bias network of the LM139 series establishes a drain
current which is independent of the magnitude of the power
supply voltage over the range of from 2 Vpg to 30 Vpe.

1t is usually unnecessary to use a bypass capacitor across
the power supply line.

Typical Applications v+ =15vg)
AND Gate

v
L]

The differential input voltage may be larger than V+ without
damaging the device. Protection should be provided to pre-
vent the input voltages from going negative more than —0.3
Vpe (at 25°C). An input clamp diode can be used as shown
in the applications section.

The output of the LM139 series is the uncommitted collector
of a grounded-emitter NPN output transistor. Many collec-
tors can be tiad together to provide an output OR'ing func-
tion. An output pull-up resistor can be connected to any
available power supply voltage within the permitted supply
voltage range and thers is no restriction on this voltage due
to the magnitude of the voltage which is applied to the V+
terminal of the LM139A package. The output can also be
used as a simple SPST switch to ground (when a pull-up
resistor is not used). The amount of current which the output
device can sink is limited by the drive available (which is
independent of V+) and the 8 of this device. When the
maximum current limit is reached (approximatsly 16 mA),
the output transistor will come out of saturation and the out-
put voltage will rise very rapidly. The output saturation volt-
age is limited by the approximately 601 Rgat of the output
transistor. The low oftset voltage of the output transistor (1
mV) allows the output to clamp essentially to ground level
for small load currents.

OR Gate
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Bi-Stable Muitivibrator
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LM139/239/339, LM139A/239A/339A, LM2901, LM3302

v
Typicai Applications (Continued) (V+ = 15 V)
One-Shot Multivibrator with input Lock Out Large Fan-in AND Gate
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Pulse Generator
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rypical Applications (continued) (v+ =5 Vpc)

Non-inverting Comparator with Hysteresis Inverting Comparator with Hysteresis

Wy O]

wlane

L

Ve

Comparing Iinput Voltages Basic Comparator Output Strobing
of Opposite Polarity

*Or Logic Gate
Without Pull-up Resistor

Two-Decads High-Frequency VCO
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V+=+30 Ve
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Limit Comparator Crystai Controiled Osciliator
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LM139/239/339, LM139A/239A/339A, LM2901, LM3302

Typical Applications (Continued) (v+ =5 Vpe)

Low Frequency Op Amp

Low Frequency Op Amp with Offset Adjust

Low Frequency Op Amp
(Vo =0V for Viy=0V)

N

Yo 1

Split-Supply Applications (v+ = +15vpcand v-=—15vpe)
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MOS Clock Driver
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uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

02154, MAY 1978- REVISED) AUGUST 1y391

¢ 3-Termindl Regulators "',]Bh‘l;‘“i‘,:'““' et T
ouTPUY REGULATOR
*  OQutput CurrentUptoc 1.5 A VOLTAGE
* Internal Thermal Overload Protection 5V uA78C5C
5V UAT805Q
* High Power Dissipation Capability 6V UA7806C
8V UAT7BCBC
¢ Internal Short-Clrcuit Current Limiting 85V uA788SC
v WATBIOC
* Output Transistor Sale-Area Compensatlon 12v UA7TBI2C
12v uATBIZO
* Direct Replacements for Fairchild 1A7800 15V uA7815C
Series . . 18V WATBISC
LAY | waTezic
description KC PACKAGE
(TOP VIEVY)

This series of fixed voltage monolithic integrated-
cucuit voltage regulatirs is designed for a wide
range of applications. These applications mclude
on-card regulation for elimination of noise and
distribution problems associated with single point
reguiation. Each of these regulators candeliver up Ihe cotmnon termnal is i Glegincul
to 1.5 A of output current. The internal current contact wath the mounting tase

linuting and thermal shutdown features of these
reguiators make them essentially immune lo
overicad. In addition to use as lixed-vollage
regulators, these devices can be fused with

T0-22048

external components to oblain adjustable output A
vollages and currents and also as the power-pass
element in precision reqgulators. The uA7800C
series is characterized for operation over the
virtual junction lemperature range of 0°C lo
125°C. The uA7805Q and uA7812Q are
characterized for operation over the virtual
junction temperature range of  40°C 1o 125 C.
N
™~
m.ﬂmﬂ:':“ un:: “m :‘ m'::: Copyright © 1991, Texas instruments incorporated
mm:.m Poduction grecetting Saee At EXAS %
INSTRUMENTS

POST QFNICE BOX 652333 ® DALIAS, TEXAS 75268 2 427



uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

schematic
INPUT

AN

X

COMMON

absolute maximum ratings over operating temperature ranges {unless otherwise noted)

Input voltage:  UATB28C .. ...iiuiteii ettt it e it e e 40V

F e (1 = - T T A R N U S S I 35V
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 1) ................... 2w
Caontinuous total dissipation at (or below) 90°C case temperature (see Note 1) .................c.. 1SW
Operating free-air, case, or virtual junction temperature range  .............coconoenn. -401t0 150°C
Storage lemperalure FANGE .. cvun.iun e oereereenane et aeneu et s et -65to 150°C
Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds ... ..o iiiiiiiiiiiiannn 260°C

NOTE 1: For operation above 25°C lree-air or 90°C case temperature, rafer to Figures | and 2. To avoid exceeding the design maximum virtual
junction tamparature, thesa ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal
resistance, the built-in thermal overioad protection may be activated at power levels siightly above or below the rated dissipation.

*3
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uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

FAEE-AIR TEMPERATURE
DISSIPATATION DERATING CURVE

CASE TEMPERATURE

DISSIPATION DERATING CURVE

2000 16
1800 2 14 A\
3 . N
E 1600 s \
i 2 12
§ 1400 2 \
3 o
a 2 10
% 1200 a \
2 n
2 1000 § 8
3 £ \
2 800 € 4 \
2 ]
3 e00 g \
3
3 E 4
g 400[" ODerating factor = 16 mw/°C a Derating factor = 0.25 W/°C \
F _ Agya -62.5C/W \ I 2 |— sboveso’C
3 200 I Rpga =~ 4°CW
L R
25 50 75 100 125 150 25 50 75 100 125 150
Tp — Free-Alr Temperature - *C Tc ~ Case Temperature - °C
Figure 1 Figure 2
recommended operating conditions
MIN  MAX | UNIT
TuAa780s5C 7 25
uA7806C 8 25
uA7808C 10.5 25
uA7885C 10.5 25
Input voitage. V| uA7810C 128 28 v
uA7812C 145 30
uA7815C 175 30
uAT7818C 21 33
uA7824C 27 a8
Qutout current, |Q 1.5 A
> uA7800C Senes Q 125 )
Operaung virtual junction termperatuie, 1y JA7805Q, uA7812Q ~30 125 ‘C
TEXAS b
INSTRUMENTS
#OST OFFICE BOX 655303 * DALLAS, TEXAS 75263 2-429



uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

uA7805C and uA7805Q electrical characteristics at speclfied virtual junction temperature,
V) = 10 V, Ig = 500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS TJI MIN TYP MAX | UNIT
) 25°C 4R 5 52 ]
13 -

Nutout valtage * ?‘-iznv:’/\ 10 1A, Vi-7Vig20V, Ful vanges aTs s 28 v
Vi=7V1o25V 3100

Input regiaren Vi -8Vio 12V 25°C ; 0 mv

fipple regncting Vi-8Vta 18V, =120 M2 Full ranqe§ 62 R d0
10 -5mAto 1 SA 15 100

Cutout tequiahon ig = 250 mATo 750 A 25°C Y m'/

Output ramistance f-1kHz Full range? 0017 Q.

lemperanne coalficient of output voltage  {ln - S mA Full range? -t mv'C

Qutput nrisn wnliage t= 10 Hz to 100 kHz 25°C 40 w

Qropaut vollage lo=1A 25 C 2 v

Riag currnnt 25°C 1z 3 mA
Y =7Y1025V 13

Qias current change io-SmAlaTA Full range$ v mA

Shart-crrcurt autput cureent 25°C 750 mA

Peak outout current 25°C 2.2 A

s

Texas
INSTRUMENTS

2 430 FOST OFFICE BOX §55303 © DALLAS, TEXAS 75205



uA7800 SERIES

POSITIVE-VOLTAGE REGULATORS

uA7812C electrical characteristics at specified virtual junction temperature, Vy=19V,1g =500 mA

{unless otherwise noted)

PARAMETER TEST CONDITIONS TJ' MIN TYP MAX| UNIT
25°C 11.5 12 12.5
13
Qutcut vottage * :9‘1‘5531;\ 101A, Vie 145V1027V, Full vange§ 1.4 12.5 v
Vy=145V1030V v 10 240
Inpul reguiation Vo 16VI0 22V 25°C 3 70 mv
Ripple rmection Vy= 15VI025 V. 1+ 120 Hz Full ranged 55 7 48
Outout reguiaticn lp=5mAlo1.5A [l EIELC]
: 1o = 250 mA lo 750 mA 4 120
Quiput resistance [ =1 kHz Fult range3 0.018 9]
Temperatura ccefficient of outout voitage | 1o = 5 mA Full range?3 -1 mv/*'C
Qutput noise vortage { = 10 Hz to 100 kHz 25°C 75 nv
Dropaout voitage lo=t1A 25°C 2 v
Bias current 5°C 4.3 8| mA
] Vi = 145V1030V 1
Bias current change g =5 mAT (A Full range$ sl ™
Short-sircurt cutput current 25°C 350 mA
Peak outout current 25°C 2.2 A

{ Pulse-testing techniques are used to maintain the junction temperature as close lo the am

bisni tamperalure as possible. Thermal elfects must

b taten into SCCUI separaiely. All characierisiics &ra measured wilh a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the

output,

t This speaitication applies only for dc power dissipation parmittad by absolute maximum ratings.
§ Fuli eange virtual junction temperature Is 0°C to 125°C for the uA7812C and - 40°C lo 125°C for the uA7812Q.

2 432
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uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

APPLICATION INFORMATION

eV e | pATEXX | -

— .Vo

0.33 nF - - = 0.1 pF
¢ --——

_____ ; i

Figure 3. Fixed Output Regulator

input = -

. .__.—. - G
our i
Vi -

e T O L

Figure 4. Positive Regulator In Negative
Configuration (V; Must Float)

NA78XX I """ T = Output
a1 Input ==—9-=-— PpAT8XX gt ‘I
ol l A1
VI —— i TT” 0.33 F [ VOlBeg} %
T 0.330F IR0 WF . C e - & OQutput
»2 n2 -—»
] ‘0
e e @ O —— @
1 = (Vo R1) + I Blas Current
Figure 5. Adjustable Output Regulator Figure 6. Current Reguiator
1414001
l 4
';‘:g:" - I:l nATBISC I—T«b'-———-— — Vo =15V
S 0.33 uF G 1N3001
l‘ §--———0 O —@———-— A
_L__ - Q- -9 ! d.
— l bt A
R 24 tuf "\ 0.1 uF

114001
-20-V _ __ .S [[OAMIT4 4 -
input uA7915C VO EERREA)

1?14001

Figure 7. Regulated Dual Supply
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uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

APPLICATION INFORMATION

+ Vp—1 UuA78XX —_— *— Vo
t 114001 ;

or o

_l_ | Equivatent <
- = I

!
-vg

Figure 8. Output Polarity-Reversal Protection Clrcuit

operation with a load common to a voltage of opposite polarity

In many cases, a regulator powers a load that is not connected to ground but instead is connected to a vollage
source of opposite polatity (e.g., op amps, level-shilting circuils, elc.). In these cases, a clamo cicde should be
~onnacted lo the regulator output as shown in Figure 8. This protects the regulator from outout pelarity reversals
during startup and short-circuit operation.

vy =@~ uA78XX |- L—* +Vo

I N\G

Figure 9. Revérse-Blas Protection Clrcult

reverse-bias protection

Occasionally, there exists the possibility that the input voltage to the regulator can collapse faster thanthe output
voltage. This could occur, for example, if the input supply is crowbarred during an output overvoitage condilion.
If the output voltage is greater than approximately 7 V, the emitter-base Junction of the series pass element
(internal or external) could break down and be damaged. To prevent this, a diode shunt can be employed, as
shown in Figure 9.

*
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5404 /7404

Hex Inverter

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package . Package N Package . Package
i Device Type Device Type Device Type ————=1 Device Type
Device Type e TRTMICF YPe ICTPTMCF YPe ICTPMICF YPe ISTPTMICF C[PM[F
SN54504 i3I T | SNSaH04 10 1] SNS4L S04 L w2| SNSIgs | g gwal SNS4LO4 J DINDITZ
Tl SNTLSO4 1 1(NT SNTAHO4 JTINT T SNTAL S04 1 LIND SN7404 I SNT4L04 JGING TS
F 454504 /F M9S04 {00 F MSAHO4/F MIH04 |0 o | IF yfrusasne pemsa  1oG FD | FMS408, 7 M3NGE (D1 1P Y
FAIRCHILD T(11504/FCISCa (0T | P FCTaM04-FCIMQS 107 1PT' 1 SCILSM / FOHLS0E 105 [P Ted [Fwtaga?sConoe D v iP! | ]
MC3108 Ly B | MC5404 Y
MOTOROLA W G3008 LilPir €| snraLsae 1T P METi00 IR
DM$4H04 JLINT, © | OMS54L504 ] OME404 (44 Noy w2l SMS4L0d JUING]  [F@
N.S.C. OMT4504 NC OM74H04 JTINGD DM74L,504 | OM7404 1N OM74L04 J TN F)
i |
PHILIPS NTis0 T NTIH0L T | naLsw L £ IH241 7504 | i
SIGNETICS 534504 FO[AD Wi SSaH04 rﬁ‘ Adl twz 55404 FjAL wi
N74504 FTIAG] W] NTaHO04 FOlATI T [ N7sLsS0e p N1438 < 1AL
N |
SIEMENS — e T
FUJITSU ! 74L S04 T e i
L n
HITACH! PRI RES) 7 “0TLs0d PT HDTe0d w0252z, <|PT
| !
MITSUBISHI M55004 ) | MTAL 508 P M$3204 [
i
i i 1
NEC 504 C1 [ [7aCso cT uPB235 T3 T
e 1 I
TOSHIBA i TD3404A 1 Pel
Electrical Characteristics SN54LS04/SN74L504
absolute maximum ratings ovesr operatng free-ar temperature range
Sudoly voMage, /0C ™ Ooeretng ree-an [sny._s -5 10 «25C a
el vorvge ™ woowrates aoge [T T e Schematics (each gate)
Storage temosralire *ange -65C w3
- SN54LS04 SN74L504
MIN NOM MAX MIN NOM MAN bt i
Suoery voitags, /¢ 5] s 53 ans 5 3 )’
Mghemvel DUIDut STt 10w -~ 400 - 400 ud
Lowevel tulou! Curtenl. gL N q -a
Queratng "ee-ar ‘smoerdtwe T, -58 123 a 7 3

electrical charactaristics over recommended operating

free-air temperature range

[l i

11 e

PARAMETER TEST CONDITIONS * MIN TYP T MAX | UNIT
VW ~mn~evel inoul voitage 2 bRV
ViL_ Law-evel inout voltags 1 o8l v
v Input_stamp voliage VGG =MIN,  lj=—18mA -5t Y
! ront vccamm vl i TiacuT R T RI| A3 ] s
VoM Mign-evel outsut voltage ce - WIS L R v ‘o4 4k JLoKI130 | 1K
JgH =MAX 104 [40k[20%1500 | 12k
VCC=MIN,  Vig=2V, input Clamp diodas not on
0
VoL  Lowsevel ouigut voltage IgL= 1mA \T SNSAL 7SNTAL ' circuits.
[ . .
" nout current at VGO=MAX, Vi= 1V 0.1 ma 04, 'L04 CIRCUITS
MAUMUM INDut voilage
iy~ Hign-evel input current VO =MAX , Viu=2.1v 0] uA
I Low-eval mput Surrent Voo =MAX, ilu_ =0.4V —0.4} 1A
Short-circunt S4L S Fanuly | 20 —100
1 v MA A
98 cutout current ® CC=MAX | 7eLS Famiv | =20 g} "
locH  Suocty current Vog=MAX Totat, outouts hign 1.2 2.8} ma
gl Sucotv current Totat, outputs low 35 6.61 mA
Average per gate
| Suooty current Vpoc=%Vv 0.4 A
ce ’ ce {50% duty cycle) =
P
tBLM ropagatior cetay time, 3 15| ns
|ow-10-Righ-tevel output Voe=5v,  Ta=25C,
Procagation cemy itme, CL=ISPF, Ry =2KQ
14
PHL nign-to-tow-evel outout 15) ns
- Pin’ Assignments (Top View)
Vee
® ® el
VEC A 6Y SA sY 4A 4y 1Y §A 6Y GND SY SA ‘h
wrT
¥

Iy
™

L P P

T

LA 4
' Sl [l ol el (e[l
I

1 1 114118
TA 1Y 2A 2Y 3A

3y GND

T TG

positive logic :
Y=3

tA Y Fa vgg 3A 3

sfe}— —~-

s
A}

GND

‘Ho4 CIRCULT

S04 CIRCUIT

‘L304 CircuUtY

Resistor values shcwn are nominal and in ohms

*For conditions snown ts MIN or MAX. use the Appropriate vaiue soscitied urder recommenced COSrALING CONGItioNs,
TAL tyoical vatues are at VOC= SV, T =25C.
¢Not more i"an one Quipul $NOWD DO SNOrTed 8L a tme, Ind for SNSAM', SNTAH' ang SNS&S SNTIS®, duration of short-cirout shoufd nat exceed 1 Souud.




5408 ,7/7408,

Quadruple 2-Input Positive-AND Gate

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package , LPackage X Package .|
Davice Type Device Type Device Type Device Type Device Type
YPe e TR mIcH YPe reTrImcH YPe reTPimcr iC|PIMICH c[P[M[CF
T SN54508 13 y ! $N52L 508 JJ w.i | SNS408 iy wi,
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|
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S34H08 F cland  Jwo 55408 Fila] iwi
SIGNETICS NTisos w N7AR0s G AT S08 a1 N7408 FAjatl |
. ol
- SIEMENS T L
FUJITSU 74502 M i
HITACHI HOTAL506 Py H07408 7 HO2 Tiey
MITSUBISHI 7L 38 X M 53208 P
!
NEC TaLS08 cT uPB234 DT
TOSHIBA T R
Electrical Characteristics SNS4LSO8/SN74L508 B
acsolute maximum ratings over ooerating free-gir ‘emoerature range
Seovty e VCO W Goeratng fraeaw [ snsaLs BN Schematics (each gate)
input vortade v temperature congs | snnLs aC o rC
nteremdter eiage § SV Storage temowralure rarge ~85°C 1o isaC Voo
ing : - n (X3 0
SNS4LS08 SN74LS08
Wi NOM __WMAX | WiN NOM_ wax | U7
Swoy votace Ver K3 s $s (R 5 $.2% v INPUTS ouTPUT
Higprieves it curreml. 1gp ~ 000 - 400 n 4 v
Low-lves uidut Corent, 1gy s | ] -a 8
Corralng ~amar “smoectiwe -5 -4 s | ¢ ) = 4 fu -
electrical characteristics over recommended operating . ”t GNO
free- air temperature range
PARAMETER TEST CONDITIONS * MIN TYP $ MAX UNIT % ClRCUIT
Ve High-ievel nput soitage 2 v
Vi Low-iaver mnput voitags 08! v
Vi ingut ciamp voitage Ve =MIN, | =—igma SO
Vee=MIN, V= 2v.
Hign- ’ i
VoH 'ghefeve! output voitage lop =MAX 2.7 34 v
. VCC=MIN.  vjyezv & .
VoL  Low-levet outout voltage lop = dma 0.2¢ 0.4 v
" trout currens at VoG=MAK. v, =1V o | ma
MaxMuM NPUL V')lllg!
It ragn-ievel wpul current Veo®=MAX Vg =2,V 201 ua
TS Lewsievel nput current Vog =MAX Vi =9.4V —D.ll mA
Srort erewt S4LS Famity | —20 =100 ]
= A
'0s 310Ut current & Voo =Max 4L S Family | —20 oo "
S.. . h 4 48!
ICCH S0ty currant Voo =MAX Toral, outputs higf 2 8; ma
lccL_ S.ooty currant Total, outouts low 4.4 8.8] mA
Average percate
1 = . A .
CC  Sucply current VeC=5V. | <9 auty cycte) 0.8 o 508 CIACUIT
Proocagation detay time,
1
PLH  fowetomgn-avel output Vog= S, Ta=25C. P
Procagation celay time, CL=15F, A =20
PHL “gn-to-low-tevel outbul 4 2 s
Pin Assignment (Top View)
Vee 6 4w &Y | om N
AL [T fio L{oL bl »*
- i T T J e
1 ’ p— !
! ! ! 1"
l 'D‘] !
R |
"1 1 l"‘_?rl IMAMsris My
la 4@ Y 24 B ¥ GND
positive loge: .
tmaB Resistor values shown are nominat and in ohms.
1 For conmtions shown as MIN or MAX, use m; aoprooriate vakes under r 04 0oermg

AN typcar vawes are ar Vog =SV,
Tore than one outout should be snorted at a tme, and for SNS4S'/SNTAS'. duration of outul Short circuit should not excesd one second.

* Not

Ta=25C.




543277432

Quadruple 2-Input Positive-OR Gate

AN typvcal vawes are 2t vee =35v.

Ta=25C

*Nol more nan one Suidut should be snortea at 3 ume.

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package . Package Package
Device Type Device Type Device Type Device Type Device Type
YP® TCTPIMICF YPe r TP IMcH YPe reTRImcr clPImMIcH YPe IcTP ImcH
T i SNTIS32 9] WD SNS4LS§32 1D W SNS432 I WL
b SNT1532 1 DIND M SNTILS32 L DIND SNT432 2T IND
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T o0 [P ) foustsiensi — Jop (4D | |FD [ FCT432/FCoNI2 JOZ P L]
P
MOTOROLA SNILSR P !
Ns C H DML 832 T OMS5432 3 IINT ini] DMS4L32
i I Jomsasn 1 OMI4232 JEINT] | T om7dl3
t
PHILIPS N74532 o) | N4t 532 T N7432 i
GNET! ! $5432 F@olai of
St cs NT&LS32 AT g e T[ a1
SIEMENS HTH
FUJITSU PR 5
. .
HITACHI oTLsR2 Pl HD7432 TIPS
MITSUBISHI o =
NEC TaLS32 lca [
TOSHIBA H
Electrical Characteristics SNS4LS32/SN74LS32
absolute maximum ratings over operating (ree ature range
Swoty atage GG ™ Operaing hee s ~S5C ‘v 125
inDul voitage ™ temosratwre range T 3 TC
S1oraqe temosratwe range -85C '3 1sgc
recommended operating conditions 1000 1300
SNSaLs32 SN74LS32 .
MIN NOM___ WAX | WiN NoM x| Y™
Suoor votace, Voo s s s5 | ars s 52 .
gRlever OUoul Curremt 'z < - 400 — 400 4
Lowelewst ouldul Current, 7 _ . 3 TA
Goeratng tree-aw temoeraiss Ta -5 1S 3 K] <
electrical characteristics over recommended operating
free-air temperature range
PARAMETZR TEST CONODITIONS t MIN TYP 2 MAX lUNlT
Vim rgh-evet 2Lt voitage 4 Y ‘32 CtReUIT
Vi Low- evel -2t vohtage . 0.2, Vv
vy Irout_ctamo . :tage VCC=MIN, )y =—igmA =i5] 4
V. MIN, V=2V, |
VOH  High-level outbut voltags l:::MAX G 2.1 3. ; v
N VOC=MIN. Vi =Vi max, {
VoL Low-evel outsut voltage igp = dmA 0.25 0.4 v ~n
[ :
" noul current 3 VccﬂMAx. V| -ty 0.1 =,
maximum nput .citage
M Hign-tevel irvut currant veg=MAX, Vig=2.1v 20 | uaA
Iy Low-levei eyt current Veg=MAX. v, =0.4v ~3.3 | ma
[seLs Famwy | ~20 =100
h 2 =Ma -
ios Short-cirouit cuiaut current ¢ | Voo =MAX |7IL$Famnv prn o mA
I :
CCH _ Suooly current Voo =Max Taral, outouts mgn 3.t §2: maA
| Suoolv_current To1al, outouls iow 38! ma
Average pergate
[ ] veg=5v
cc Supply current cc=% (50% cuty cycie) .0 l mA
Propagation ca-ay time. - 532 CIRCUIT
t
PLH fow-to-mgh-teve: output vee =5V, Ta=25C, 1 22! e
Prooagation deay time, CL=1t350F, RL=228 ¢
PHL " igh-to-awever cutput r 2| os
B Pin Assignment (Top View)
® KAUTS
A Ce
Ead
Vee 48 44 v 3B A v .
Lo
ta hal 2l Tl o} fe] [a [} ¢
EE [ f E |
P P
|_-Dj i
Loyt
.
1 2 314 $M1617 GND
W 18 W 22 B v LND‘ * ’
L$32 CIRCUIT
positive logic; Resistor sawes sncwn &e nomnai eng - Anms
Y=a+8 .
tFor condiicns snow= 18 MIN or MAX. Jse it approoriate vatue under operating




5442A /7442A ~ BCD-to-Decimal Decoder (4-Line to 10-Line)

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package Package
Device Type Device Type Device Type Device T Device Type
YPe e TP MmIcH clP]M[cH YPercTrImIc P¢ eTe[micH cP]MIcH
Ti SNSALSE2 1D SNS442A 10| WO SNSLd2 4O
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PHILIPS NT4LSa2 ) FIH261/7442 o)
S5442 FQ|BD DY
SIGNETICS NIALS 42 A D) N7442 B8O
- SHEMENS FLHZ8! [
FUJITSU 4L S42 MO, MBd42 OiMD
HITACH HOT4L 542 PO HOTA42A7HD2S36 | QPD] K
1
MITSUBISHI ML Sd2 PO M53242/M5352 PO|
i
Nec T4L 542 cCY uPB221 [20] T
I
TOSHIBA TD3442A PO| | I
Electrical Characteristics SNS4LS42A/SN74LS42A
absolute maximum ratings over operating free-air temperature range
Supoly voltage. Voo 1 7v T operatng iree-ar lsnsaLs] —S5C 1o (25%C
Input voitage [ IV ( temperatwre range SN T4 IC 0 e
Storage temperature rangs —65°C to 150°C
recommended operating conditions Function Table
SN54L.S42A SN74LS42A [ 424, 'LS42, 'La2
MIN NOM MAX | MIN NOM MAX . [BCD INPUT DECIMAL OUTPUT
Suoply voltags, Voo 15 5 55[4.75 S 5.251 V I e e Ao T 23435 67 79
Hign-level outpul c.rrent, IQn —400 ~400 | uA oL L L LIL HHHBRHHHEAEH
Low-evel output cuwr-ent. In K ] 3| mA 1L L L HiHLHHHHRMHEHHH .
Operating tres-aw terpsrature. Ty =55 125 o Wi C 2iL L HL|A H L HHHAHA®MNMHEK
electrical characterics over recommended operating 3L L HHIHHKBLUHHAHKHH
free-air temperature range 4jL H L LIHMHHHLHHHHKH
PARAMETER » TEST CONDITION 1 MIN_TYP t MAX | UNIT Sl el LYPHGH HLH HEHIL H o H W oH
TV Hign-level noul voltage 2 v L HHLIHHHNHHLHHH
Vi Low-level mput voltags o8| v 7/L H HH[HHHMHHEHLHH
Vi___ Inout_clamo voitage VCG=MIN, 1 =-18mA .+ isl v TR T il B
y e ' VeoRMIN, Vin=2v. R 3 9lH L L HIH HHHHHHHML
OH 'gh-leve! outout voltage Vi 0.8V,  low= ~e00uA B H HL HLHHHHHHWHHHH
NGO =MIN, V=2V, o gf{H L HHIH HHUHHHKAHHA
VoL  Low-level outoul valtage Vi 0.8V, lgL =4mA 8.28 . ; HHLLHHHHHAYHHH
—— - ZiHH L HIHHHHHHHHHH
o fnout current 3l VGC=MAX, Vi=Y 0.1] ma HHMHULHHHEHHHHHH HEH
TaMmUm nout veltage H M HHIHHHHHHNHHHH
[ =igniever  =ul Current Voo =MAX. V)= 2.7V 2] A
m Low teve) ~gut current Vg =MAX, vy = 0.4V -0.3. mA Hemgh lavel, L =low levet
i Short-cire: 1put Current ¢ v MAX 305S [ i o) mA
K oL T Juipy oCc= 4 .
os ¢ SNHULS -2 - 1004 Functional Block Diagram
| s - Voo =MAX SNS4LS | 7 N : -
CC  Suomly curent See Note SNTLS ) [ ovma 4
Froma B.C. o O T : alha *
sEeE —— 11
SPHL | oo 2 evers of togie 5B 1 - ot +
SomA B C and O vee=sv. — m .
oML vougn 3 evers of ogic TaA=25C, 20 30 ns FF.—D— cutout 3
TromA.B,C. or D LGy =iS0F. : D—‘-‘
. ' " oty
PLRL rrougn 2'evers of togic R =2 5 Bl ol '—D:
T FeomAB.C an0 O loutout
| . "
“’L": rougn 3 'evers of logic 1 » ; "
Pin Assignment (Top View) e e o
-ty Sureyry outout 4
@ e T
B ‘1‘ Iv' l:——n " l_‘ —r o D o wiowt
{ | l_" O k) 'r D v
Pa raeneraes | ™
= AL b2 ada o =2 o 3
- v ,n.-ﬂ.nln.ﬂvn.r . ‘42A. LS42, 142 BCD-TO-DEQIMAL DECODER
1 i 1 4 i
e NOTE [ 1cg 's measured with aib culpuls oden an0 811 wouts grounded.
positive logc: séy funclhon (3o .

tFor conamons snown as MINor MAX w3 INe 3DOropriate vahes sdecilied under
$AN rypcal vaies are a1 Voo =SV, Ta=25C
#Not more AN outdul shouid e 3hOrtac at & time
® 1P| ®OrOAgation delay time. low-[o-high-ievel outpul.
1w ROFODAQANON ey NME, MGN-10-DW-wYe! OUTDUL.



$476,/7476

Dual J-K Master-Slave Flip-Flop with Preset. and Clear

-y
Schottky TTL.. High-Speed TTL Low-Power Schottky TTL Standard TTL ~ Low-Power TTL -
Package Package Package Package Package
Device Type Device Type Daevice Type Device Type Daevice Type
clPImIcH YPe rCTPM[cH YPe rCTP]mIcH P IeTPMcH YPe IcTRMIcF
Tt . SNS4HT6 IO SNS4LS76 10 Wi SN5476 @ WA
e SNI4HT6 1 OIND SNTALST6 JDND SN7476 J QIND
FMS4HT6/F MIHT6{CO! F ) FMS476/F MINTS {DOD: F T
FAIRCHLD FCT4HT6/F CIHT6 [OD] »D 3 FCHI6/FCINTE  10DIPO]  Tr T
MOTOROLA MCTa76 ) .
NS.C. OMSdH76 JOIND OMSILS 6 [ OM5476 JOND!  jwal
OM74H76 JQIND OM74LS76 [V DM7476 J @ [ND
PHILIPS NI4HTE D NTELSTE £ FJ191/7476 (o]
S54H76 ) SNS46 [Folao]  way
SIGNETICS NTIHTS B0 NLSTE AT SN7476 FO[BO
P
SIEMENS ¥ FLIN )
FUJITSU
HITACHI HOJ4LS 76 P HDT476 /HD2516 | O PO -
MITSUBISHI M53276 PC
mc uPB224 DD [T
TOSHIBA | TO7476 P
Electrical Charscteristics SNS4LS76/SN74LS76 : . .
shsclute maximum rstings over opersling free-air lemperature rang * Pin Assignment (Top.View)
Svomy vorses. VGO ™ Oprrirg *ov-aw SNSILS BT 0 st 0) b L
Irout varioye sV tmpmatue iange | SNTALS oc 1 mc 13 15 GND .
Stavege ememsice ranor ~45C 10 e $L 150 {14 1 ‘
SNS4LSTE SNTALSTS T iw ;
i NOM  MAX [ MIN  NOM  mAx L3 & i
Sueety voravn, VCG X3 s 5.5 {en s sn| v K N b
gl SiBuE BrTent. (G -0 - 800 us J PR Q .
Low-level autms ourrent. 1oy L) 8 4 N
Cocd b 20 ) : ‘ '
Puine v, o [ owrspy—— = - as 1 Oalan s s 7F8
— y ICK IPR- 1 1] Vgg 20Kk PR 7 !
ot 3ot Sam. fone rhgn-lavel data 201 20 OLA oLA
Low-level data 20 0. ns
oot Rare time, teoe A 9 A Function Tables (SeeNote 2)
Oreratrg Yourse tomosranuse, Ty Y 78 ] " .
. . = T8, HS 157e
slectrical charactaristics over recommended operating
free-air temperature range P povis - W'"‘;'
L3 PRESET CLEAR .CLOCK J N
PARAMETER® TEST CONDITIONS T [MIN_TYP T MAX |UNIT o oo 4 x R e e 3
Vig High-evel input voltage 2 v " L X x H (% X X XfL M .
] Low-evet 0.8 V) L 15 x X % L L x X X| H® e
1 20ut_yolige £ L H n Lot " " 3 L tio, &, Al
M Inout clamp voltage. Veo=MIN, | =~8mA —t.5{ Vv e Ny Y ed V] . " ' RN : i
Veoo=MIN, V=2V, " L] Fay Lon L] L 1} [N 2 I S}
VOH  High-ievel output voltage ViL=0.8V,  lgn=MAX .1 3.4 v n W _ N um " " $ w | roseLe
VGo=MIN, Viy=2V, L ho_n_ X xj% &
VoL  Low-levet output voltage Vi =0.8V. i =éma 0.25 0.4 Vv .
—— 1l LGN TN Gy Functional Block Diagrams
1nout current at e .
Clear 9.3
t = = 9 — .
D e [ reeTMA e 03] " [T eSS
Clock 0.4 X H - e LM,
0,4.%. 20 x |
High-lavel Clear 60 | . _,
' A v 1
H nout current Praset Voo =MAX. V=2 50 LA
Clock 80 Qe st T
01K, 0.4 | -y o e St a e
Low-tevet Clear -0.8 . .
W mour current ¥ Proset VoL SMAK. V) =04V Toa] ™| — ‘C%' )
Clack ~0.8] .. o L—¢ T
Shart-crroust Seriesscr s -20 ~ 100 . o . 4
[ MAX E CLEAR H0 et asan
oS output cwrrent @ | SeriesTar s vVee= =20 -100 A - f‘o e [ . :
IGG Suosty current(Average per fp-floo} Voo =MAX. See Nots i sl mA % N
Imax  maximum clook -frequency vog=sv. 3 45 MHZ R - :.;_
m 2E", L1376 -OUAL 58 WITH CLEAR AND PRESET .
PLH L om clear. oreset or cick had Ta zsc: 15 L N .
(as appropriate) 10 Q or O CL=i50F, ns NOTES: ' Wnh ali outputs open, !GC 1S measured with the Q and § outputs high i turo.
PHL R =2Q 15 20 At I ume.of measurement. the Clock DUt 1S Groundsd. .
- 2: Hmngh tevel (s1sady state), L=iow level (steate), X =wralevant
Sppmey p b mtranastion fromigh 0 kow levet I
EEEa . JT=tgivievet puise: data wputs should be heid constant wivle ciuok i3 tugh: e & Jads
a data & transfemed (0 output an.the faliing edge of the puise, .
. Qo=the leve! ot Q before the ngut were
TOGGLE ‘Each output chenges 10 the complement of 1S DrOWOUS leved on each
. * acuve transiton (puise) of the-clock.
- . © This CONMGUAALION 18, AONSIABIAT"INBE 8,- 1t will AOL DOrBiat when Oresst and
- Cloar npuls return 10 thew iactive (high) level . ..
1For conovtons snown 83 AUN o~ MAX, use the-epor vave under % condh P - o g i

$Al typcal values dre at VoomSV, Ta=25C.

*Not more than ona culput should be shorted at a time.

Py defay ume. T outous,
PHL delay 1ume, trgh output.

ugh

§ 1The arrow wdicates the edge of the ciock pulse used for refarence: 1lor the nsing edge, b for the faling edge.
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5493 /7493 4-Bit Binary Counter Rl
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package . Package . Package . Package ~
ice Type Device Type Device Type Device Type Device Type
Device Type [ eTrTmlcH e reTRmIcH YPe ICTPIMIcH YPe I RIMIcF c[p[mic}
SN54LS 33 BT LN 3 w1 [ SNSaL 95 L aNafTe
Tl - SNTaL583 DTNE SNTE93 & N SNT4L9) SN Y
- FusSI3 .- ANLSS) of F1]FmMs493 FM9393 [0« F1
FA ILD FOTRST2 - FONSNY LAL FC1493.FC933) D1 PP
MC5433 oY
MOTOROLA SNTALS3) t’ﬁ . MC 7493 Lo
CMS4L 593 i DMS433 ) TNT] wC{OMsaLa Papne| Fu
NS C OM74LS93 [ OM7493 1 ND DM741.93 JENDL F2
PHILIPS N74. 593 ! F 11221 149) D
55493 = FOLIAD =
slmcs N74LS93 A N7493 FGad
SIEMENS FLII8T D)
TPUITSU
.3
HITACHI WD 4L 593 PT HOM3AMHD2520 | G PO
MITSUBISHI MT4L 594 @ M53293 PRI
A,
NEC 4PB223 CTED
-~ .
TOSHIBA TOM33A FT
Electrical Characteristics SNS4LS93A/SN74LS93A Pin Assignments(Top View)
absolute maximum ratings over operating free-air tampsrature range @ @ .
NPT By, INPUT INPUT
Suooly vortage, Voo TV | Operating fres-ur | SNSAS| —55°C w 125¢C al’ Nc Vs Op oac My Ve %ﬁ%ﬂl
Thoul voitage v tomporature rangs | SWILS 0°C to 0C MZLE) S SAUS U S R T
Interamiter voitage (see Note 1) §.5V Sterage temperatwe range —65°C to I56°C J I l l
. o Ca Op % 9
recommended oprating conditions Laba
84
SNS4LS93A SN74L593A et Ro1;
MIN NOM MAX | MIN NOM MAX Poz:
Sucoly voitage, Veg 45 5 $.5(4.75 5  §.25] v I
Hign-lovel output current. lop 400 400 | wA ) 2F1s Fa Natintli 1 '_2_!- inl] Naliat]
Low-level auiput current, 1o 4 21 mA INPUT Roy, Rgz HC Voo NG NG o Rgz N CC NC NG NC
Count ﬁm; foount Affirght g 32 4 32 MMz positive logic: see function 1ables
8 input 0 3 0 15 Function Table NC No nternal connection
R £ tfput . 15 COUNT SEQUENCE
uise width, ty, 8 nput 30 30 Ul '93A.L.S93.1.93 (Seo Note 3,4) Functional Block Diagram
Raset inputs 15 15 A
Reset 1nactive-state se1up. tagrug 25 25 ny COUNT ouTPUT
Operating free-air temperatre, T4 —55 1251 0 0] ‘¢ Qo Qc QB Qa Lsee Notes) -
3 A F [ L Tk
electrical characteristics over recommended operating : 1 :: &l 1 2
free-air temperature range P Y ¢ Lt |k veaal -
PARAMETER » TEST CONDITONS t MIN TYPS MAX [UNIT 3 L L H m
Vi High-evl tnout voltage 2 v ¢ L oH oL oL
Vig Low-evet input vaitage 3 0.8, Vv 5 L M L H
M Inout clamp voitage Voo =MIN, fj=-8ma ~t.5] V 6 L H H L
i =2V,
VOH  HighHeve output voitage Vog MIN. V=2 21 34 v 7 L H HOH
Vi =0.8V. 1oy =— 40014 . i I
VOL  Low-ewi output veitags Voo =MIN, Viy=2v. 0.35 0.5 v $ |M L L K
Vi =0.8V, o) = ama 10 H L H L
wout cosrone at [ AnY reset [ VOGeMAKT V)iV _— " H L H H
" mexioum nout voitage [-22 Ty oo Max. vy -5.5v 223 mA 2 la om o
Any reset 20
Higir-ievel 13 H H L
LY . -current A nput Voe=MAX, Vy=2.1V 80| wA 1" H H W L
out 8 input Bol - 15 H H H H -
Low-evel Any reset 0.4
UL it currvons A mput | Voo wMAX, V) =0.4v 2.4 ma RESET./COUNT
8 input 1.6 "S3ALSS3.L.93 (Ses Note &)
Short-orcst [ SNSALS | —20 100
108 output current « VeomMax —ol ™ R:SET“:UTS = ‘;‘"”:-"'Q '93A.’LS93.'L93 .
15G___ Swooly current VGG =MAX, See Nots 2 R ap ﬁ” T A4 . 4-BIT BINARY COUNTER
f fromr A t0 output Qp 32 42 - MM T .
™ hom 6 10 oulpul Op % ‘ L x COUN
3 ] 3 X L COUNT
from A to output Op ns
VY] 2 18 NOTES: .
tp y % 70 :
from-A 10 (<] Voo™ sV,
Py outpt Qg T:im % 0] |- THi3 13 the voitage between two emtters of a multiple-smtter tranaister. For s ciroult,
LIPLH |, o . < 1 e rating appiies botwosn the two R mputs. e N §
ppe) B to utout Ogp I3 c'-"”i 1 FT 2. 1 19 measurad with all cutputs open. both.Rg ins grownded ldlolwvmp'ﬁ e M
tof 1y Ry = o 7 7 conection 10 4.5V, and all other inguts grounded.
tpyy | o B toouet O N 3 3. Output Qp is connected to input B. *
N 3 ] 4. Hwhgh level, L =low isvel. X mirrelevant. M
from 8" 10 aut;t Qo . ne 5. The J and K inputs shown without conneation are for reference only and sre funotionasty
UM f 34 H at a hiph tevel,
Lipty | from Set-10-0 to Amy cutput 26 0f ns -
1For coneittons shown as MIN or MAX. ‘usa the valuo under 9 for the type.

$ AR typomt vahes & al Voo=5V, Ta=25C.
SNOt more than one output should be shorted at & tims.

$OA outputs we tosted a1 1o = I6mA plus the Hawt valus for lig, for the B input

& fmgx mmanmom count fraquency

This permuts Grving the B input whle maintarry
PLH ®propagaton dolay time, low-to-tugh-teve outpul

ng full fan-out capability.
IPHL=OrODagALON delay Ume, Ixgh-tto-low-tevel cutput



74142 BCD Counter/4-Bit Latch/BCD Decoder /Driver
Schottky TTL High- Speed TTL Low-Power Schottky TTL « Standard TTL Low-Power TTL

Package Package R Packsge 5 Package R Packags
i T De T
clPMIcF Device Type clpImicr Device Type TP imlc Device Type clPIMlce vice Type CIPIMICF

Device Type

TI,
FAIRCHILD
MOTOROLA : .
NSC
PHILIPS
SIGNETICS
SIEMENS
FUJITSU
HITACH!
MITSUBISHI
NEC
TOSHIBA

SNY4142 J DN

FLLIS .

Electrical Characteristics SN74142 Pin Assignment (Top View)

absolute maximum ratings over operating free-air temperature- range

" ’ LATCH  DMIVER OUTPUTS
Supply_voitage, Voo W] Operatng fresaw [ g‘aﬁ P Wrnlivl
nput voltage 5,5V tempersture rangs | SNT4 0C w I0C Voo INPUT OUTPUT iNPUT '3 N a '
:":;::x; :::.:' nie ImA Storage temperatre range —65°C o is0C (] 13 " 13 12 11 1’ 9
. = ar l ]g I .
recommended operating conditions !
SN74142 8 Qp 9
™ o s o
MIN_NOM_ max | Y ool]o 3
Suoply vottage. Vo 635 5 s25] v el ). T B
Higirlevel outout_curremt from O, low =400 | uA p Cx S :
Low-level outout curent from Op.lop 8] va % 8 ? |
nout_crock_ requency. feock 0 20 [ MHz CLEA:A A 0a H
High logic level 15
Hock puise wi [
° PuISe Wi w(ctock) ' Low logic lavel k] o
Clear pulse width, Swictear) 25 ns | . =
Strobe pulse width, tw{ s1r000) 20 ns ' 2 s . s s 7 T
Clear mactive-state setup ume, Igatup . 20 ns
CLEAR | 7 s [ s 3 2, GND
tw(clock) \— —V
time,
Strobe 11me. tetrone s +io| " DRIVEA OUTPUTS
Operatng free-aw tomoeratire, T 0 Wi C
poay i LA — - positive logic: ses function tadie
electrical characteristics over recommended operating
free-air temperature range
PARAMETER TEST CONDITIONS t MIN_ TYPS MAX | UNIT
Vin High-fevel inoui vottage 2 v
V) Low-tevel nout voltage ¢.a] v F'unction Table
Vi Inout clamp voitage Voo =MN, f)=—12mA . =151 v .
Vgy _ Hignsevel §p output voitage VOO==MN, lon=—400uA | 2.4 3.4 v 142
VoL__ Low-levet Op output voitags | VoomMN, o =2mA 0.2 0.¢] v INPUTS QUTPUTS
On-state voltage, outputs
Vo(en) s Veg=MN, lo=1ma 25 v COUNT PULSE CLEAR LATCH ont| ap
(CLOCK) STROBE
Off-state voitage. cutputs
Votarn ey 9 Vee==MAX, Ig=0.5mA 60 v X L L 0 | H
~  Off-sate curent. outputs ! H L PIH
10(ott) 0ty s Veo=MAX, Yo=ssv 50| «A 2 H L 2 H
lnoul currsat at maximum 3 H L 3 H
1
] rout voitage Veo=MAX, V=55V t{ ma 2 H L 1 H
™ Higirievel mput current Veo=MAX, V=24V 0] ua S H L S.{ H
] Low-tevel mout current VeC=MAX., Vy=0,4v =1.6] ma 6 H L 6 H
Short-crct G output 7 H
los : 0 outpu! Vg =MAX -18 ~55| ma ! H L -
cucrent 8 H L 8 L
I¢cc Swooly current Voo =MAX, All outputs open 68 102| mA 9 H L 9 L
Propagation detay time, low-to- 10 H L 0 )
Py high-ievel veo=sv. s 55 n M H o H
Op outpur trom clock Tam25C ns
Propagation detay 1ime, hg-to- A=EBE 1Al other outouts are off.
1PHL  low-lovel Ce = 15oF., s H=tugn favel, L =low level, X = wrelovant
8p output from cxock AL =8000 gn favel, L X
Procagauon cetay tme, low-to-
PLK teghrieve: 0 45§ ns
Op outout trom clear
tFor conatone shown as MIN or MAX. use the vatua tied unger ocerating

$AN typcat vawes ars at Veeo=SV. To=25C.
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54193./74193 Synchronous 4-Bit Binary Up/Down Counter (Dual clack with clear)

Schottky TTL High-Speed TT! Low-Power Schottky TTL Standard TTIL. Low-Power TTL
Package Pac} " | _Package Package [ Pa
Device Type Device Type Device Type Pevice Type Device T
YPercTpImlce P IclPImcr c[PIMIcF, PeclPIMfcF P iclelm
T i SN54LS 193 J O SNS54193 J O wd| SNsaL 193 J
. SN74LSi193 J DIND) SN74193 J QINDS SNT4L 193 J OIND
Fusasisy arsias | o FO | FM54183/F M9356 |D D)
FAIRCHLD Frasis/ R (o) | M0 | @] Feraisa/Fcales 0@PD)
!
MOTOROLA ! SNT4LS193 PO MC74193 PO
NS.C OMSILS193 [0] OMSAL 193 JOIN
- . OM7AL S193 OM74193 N DM74L 193 3
PHLIPS NHULS193 [] N74193 D
$54193 FBT|  iwd|
SIGNETICS ) N74193 FolsTl
SIEMENS FLIZ5! i
T
FUITSY 74L 5193 M|
. :
HTACH HOT4LS193 P o) HO2542 el i :
T
MITSUBISH M74LS193 PO M53393 P@_}L !
NEC - L5193 co uPB2133 o] | .
TOSHBA TO74193 al
AmS4i$193 ; Il
AMD AmTaLS193 L i1
Electrical Characteristics SNS4LS193/SN74LS193 Pin Assignment. (Top View)
. . . d, = wyTs s weurs
absoclute maximum ratings over operating free-air temperature range i e TPy W
Suoply voitage. Voo v Qoeratung tree-awr Tswsals| -$5C 1o 125°C r il
Inout vortage S5V | temoeratws rangs [Swrats UC o 10C 04 10
Storags temperature range —65°C to 150°C I L J I l
4 L U CLEAR SOBOR CARY (00 C
recommended operating conditions
@ —s ]
B 2 SNS4LS192 SN74LS 193 Ut CONT cot
MIN_ NOM MAX [MIN NOM MAX KRR
Suply votage, Voo 45 5 ssfa1s s s8] v ST S K 7
High-tevel output_current, lop =400 =400 uA ll”z”)”‘”s”l”]”tl 3
Low-ievel output current, lg 4 1| mA GAIA 0w Oy CIM COM € On @@ -
Count_ireauency. fogunt 0 s 0 25| MRz g Ty
WGt of any 1nout put Se, Tey 20 70 ns ey
Data setwp nme, 3etup ©20 20 ns
Oata hold ume, tngg 0 0 ns
Qperating free-air 1emperature, T 5 —55 125 ] 0{ *C
electrical characteristics over recommended operating
free-air temperature range
PARAMETER ® TEST CONOITIONSt | MIN TYP S MAX |UMT
ViH ___ High-level inout voitage 2 v
Vi Low-tevel rput voltage 0.8; Vv
vy Inpul clamo voltage Voo =MIiN, h=-18maA =150 v
VCO=MIN, Vyya=2v,
Hi
VOH Ign-fever output vortage VIL=0.8V. loy=~e00uh 2.7 14 v
VEEe=MIN, Viy=2v
VoL  Low-tovel output voitage Vi = 0.8Y, Iy = 8ma 03 0sf v .
input current at maximum -
4 inout vartage VCCQ'MAX- V= v 0.t] ma
Iy High-tevel input current VEC=MAX, Vim2. 4v * 20| uA
Low-evel mout current VGG =MAX, Vy=0.4V 0.4 mA
SHS4LS | ~20 100
> Vv, =
ios Short-circut oulput current CC=MAX SNTaLs | ~20 "0 maA
VGG =MAX, SNS4LS THED
[0C  Supty currem Ses Note | SRTaLS ] ™
Impx mammum clock frequency 25 32 MHz
oL trom Count-up 10 output " 26
veoo =Sy,
tpay, | Cary ¢ T
PLH trom Count-down to outout Ta=25C. 16 24 ns -, «
PHL Borrow [T 24
oL H from Either Count to 21 38
tprL | outout O Cu=150F. 1 ]
1Py 1 . B 0
from Load 1o cutout O R 11
Ph, L= 2 5 w] ™ .
tPHL from Clear to cutput Q 23 35| ns *
NOTES: |, Ige 19 messured with il outputs apen, ciear and toad mputs grounded. and #it other . .
. nouts at 4.5V,
A. Clear' overnces ioad. data, ana count Inputs.
B. Whea counting U, count-down inpul must be high: when counting gown, count-up mnput
o muat o hgh. -

tFor conouona snown a3 MIN or MAX, use the EPoropnate vaiue soecified under recommended ODerating concs ions for tne apohcable Lypc.
2AN typcal vaiues are at VCC=5Y, Taw25C.

*Net more_than. one..cutsut should be shoried at 3 time. .

*tp| 1 Moropagaticn celay time, low-10- Mgh-evel output

COMTH T P
tPpL ®prooagauon celay ume, nghtortow-evel output fagibslcubional




54193 /74193(CONTINUED) . .

Functionst Block Diagram

{13) sorRrow
OuTPUT
r U2 canny
rHH oUTPUT
OATA (15)
T O
DOWN {4} (JL
A QUTPUT 0, |
w 9 %
count
DATA _tI}
INPUT 8
(@
. Qe OUTPUT Og
A
OATA (10}
INPUT C { .
(]
. Ocf—pm——— QUTPUT Og
T
&
DATA 19
INPUT D
G
CLEAR *—{)J o=
Y= 1]
OUTPUT 0p .
T
L
Loag S
1
c? Dynamia ingut activated by a transton from a trgn level 1o & low leve, . b
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