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ABSTRACT

Serpentine robots have a number of useful features and applications are fascinating to
observe and may answer questions about biological equivalents.

The Snake Robot project is motivated through various applications of microcontroller in
family MCS-51. In this project, microcontroller is programmed to perform the locomotion of
snake robot. snake robot can move forward to the direction with different torques provided by
actuators in serpentine patterns. It has many passive wheels attached to the body. Passive means
there is no actuator on each wheel. The robot motion is constrained by each wheel, allowing
motion in the tangential direction. The different torque can generate forces acting on snake
robot’s body. When these forces overcome the tangential friction, the forces will propel snake

robot to move in forward direction.
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INPUT OUTPUT
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program snake robot

2

ans_sin  equ 10h
ans_sinl equ 11h
angle equ 12h
anglel equ 13h
ansangle equ 14h
loopsin  equ 15h
ansvoltl equ 16h
volt equ 17h
ansvolt  equ 18h
ansoutput equ 15h
output  equ lah
outl equ 20h
out2 equ21h
out3 equ 22h
out4 equ 23h
out5 equ 24h
out6 equ 25h
out? equ 26h
org 0200h
sin:db09,19,29,38,47,56,64,71,78,84,89,93,96,98,99,99,99,97,94,90,86,80,74,67,59,5
1,42,33,23,14,04,00,246,236,226,217,208,199,191,184,177,171,166,162,159,157,156,
156,156,158,161,165,169,175,181,188,196,204,213,222,232,241,251
org 0300h
arctan: db 00,05,11,16,21,26,30,34,38,41,45
org 03f0h
arctanl: db 00,00,00,00,210,214,217,221,225,229,234,239,244,250,00,00
org 8000h
mov pl,#00h ;cleae value portl
mov p2,#00h ;cleae value port2
mov r0,#00h ;cleae value register(
mov ans_sin,#00h ;cleae value ans_sin
mov angle,#00h  ;cleae value angle
mov loopsin,#3fh ;set value loopsin

program findans_sin

findans_sin: mov dptr,#sin :set value dptr at the first value of sin table
mov a,r0 :set the pointer value of the sin table
movce a,@a+dptr  ;move the pointer of sin table value at acc
mov rl,a :hold the next value of ans_sin
clrc

subb a,ans_sin

mov ans_sin,r]l  ;store the next value of ans_sin

mov ans_sinl,a ;store the answer of program findans_sin
inc 10 : increase the pointer value of sin table



program findangle

findangle:

mov dptr,#arctan ;set value dptr at the first value of arctan table
mov a,ans_sinl ;set the pointer value of arctan table( the pointer value

of arctan table = the answer of program findans_sin)

movc a,@a+dptr ;move the pointer of arctan table value at acc
mov anglel,a ;store the angle value from arctan table

mov a,#90

clfe

subb a,angle

clrc

mov angle,anglel ;store the next angle value from arctan table
add a,anglel

mov ansangle,a ;store the answer of program findangle

program findvoltage

findvoltl:

voltl:

findvolt2:

volt2:

mov b,#10
div ab
mov 12,a
jz voltl
mov a,#00
add a,#05
djnz r2,findvoltl
mov ansvoltl,a
mov a,b
mov b,#02
div ab
mov r2,a
jz volt2
mov a,#00
add a,#01
djnz r2,findvolt2
add a,ansvoltl
add a,#13
mov volt,a ;store the answer of program findvoltage

program findoutput

findoutput:

outputl:

mov b,#10

div ab

mov r2,a

jz outputl

mov a,#00

add a,#20

djnz r2,findoutput
mov ansoutput,a
mov a,b

mov r2,a



jz output2

mov a,#00
findoutput1: add a,#02

djnz r2,findoutputl
output2:  add a,ansoutput

mov ansoutput,a

mov a,volt

mov b,#10

div ab

mov 12,a

jz output3

mov a,#00
findoutput2: add a,#05

djnz r2,findoutput2
output3: add a,ansoutput

mov ansoutput,a

mov a,b

mov b,#02

div ab

mov r2,a

jz output4

mov a,#00
findoutput3: add a,#01

djnz r2.findoutput3
outputd:  add a,ansoutput

mov output,a ;store the answer of program findoutput

2

; program sendoutput

sendoutput: mov out7,out6
mov p2,#01000000b
mov pl,out?
mov out6,outd
mov p2,#00100000b
mov pl,outb
mov out5,out4
mov p2,#00010000b
mov pl,out5
mov out4,out3
mov p2,#00001000b
mov pl,out4
mov out3,out2
mov p2,#00000100b
mov pl,out3
mov out2,outl
mov p2,#00000010b
mov pl,out2
mov outl,output
mov p2,#00000001b
mov pl,outl



djnz loopsin,callfindsin

mov 10,#00h

mov loopsin,#3th

ajmp findans_sin
callfindsin: ajmp findans_sin
end



1.

2.

S.Hirose:Biologically Inspired Robot:Snake-Like Locomotors and Manipulators(tranal)
Oxford University Press(1993)

Limbless Locomotion : Learning to Crawl with a Snake Robot K.Dowling ,Doctoral
dissertation tech report CMU-RI-TR-97-48,Robotic Institute ,Carnegiec Mellon

University,December, 1997
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LM158/LM258/LM358/LM2904

General Description

The LM158 series consists of two independent, high gain,
internally frequency compensated operational amplifiers
which were designed 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.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply
systems. For example, the LM158 series can be directly
operated off of the standard +5V power supply voltage which
is used in digital systems and will easily provide the required
interface electronics without requiring the additional £15V
power supplies.

The LM358 is also available in a chip sized package
(8-Bump micro SMD) using National's micro SMD package
technology.

Unique Characteristics

® In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a
single power supply voltage.

m The unity gain cross frequency is temperature
compensated.

m The input bias current is also temperature compensated.

Low Power Dual Operational Amplifiers

Advantages

m Two internally compensated op amps

m Eliminates need for dual supplies

m Allows direct sensing near GND and Vqr also goes to
GND

Compatible with all forms of logic

m Power drain suitable for battery operation

m Pin-out same as LM1558/LM1458 dual op amp

Features

® Available in 8-Bump micro SMD chip sized package,
(See AN-1112)

® Internally frequency compensated for unity gain

Large dc voltage gain: 100 dB

m Wide bandwidth (unity gain): 1 MHz
(temperature compensated)

m Wide power supply range:
— Single supply: 3V to 32V
— or dual supplies: £1.5V to £16V

m Very low supply current drain (500 pA)—essentially
independent of supply voltage

= Low input offset voltage: 2 mV

® Input common-mode voltage range includes ground

m Differential input voltage range equal to the power
supply voltage

m Large output voltage swing: 0V to V= 1.5V

Voltage Controlled Oscillator (VCO)

0.054F

R
W J\

Wer 12 M358

> AN

1/2 LM358 p—-O DUTPUT 1
vtz 51k
+
100k /\/\/
>
—QO OUTPUT 2
10k

—AMVN——

DS007787-23

© 2000 National Semiconductor Corporation DS007787

www.national.com

sJayijdwy jeuonetadQ jenq Jamod moT 062N T/8SEINT/BSCINT/BSLINT



LM158/LM258/LM358/LM2904

Absolute Maximum Ratings (Note 9)

If Military/Aerospace specified devices are required,
Distributors for availability and specifications.

Supply Voltage, V*
Differential Input Voltage
Input Voltage
Power Dissipation (Note 1)
Molded DIP
Metal Can
Small Outline Package (M)
micro SMD
Output Short-Circuit to GND
(One Amplifier) (Note 2)
V*<15Vand T, = 25°C
Input Current (V;y < —0.3V) (Note 3)
Operating Temperature Range
LM358
LM258
LM158
Storage Temperature Range
Lead Temperature, DIP
(Soldering, 10 seconds)
Lead Temperature, Metal Can
(Soldering, 10 seconds)
Soldering Information
Dual-In-Line Package
Soldering (10 seconds)
Small Outline Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

surface mount devices.

please contact the National Semiconductor Sales Office/

LM158/LM258/LM358

LM158A/LM258A/LM358A

32v
32V
-0.3V to +32V

830 mW
550 mW
530 mW
435mW

Continuous
50 mA
0°C to +70°C
-25°C to +85°C
-55°C to +125°C
-65°C to +150°C

260°C

300°C

260°C

215°C
220°C

LM2904
26V
26V
-0.3V to +26V
830 mW

530 mW

Continuous
50 mA

-40°C to +85°C

-65°C to +150°C

260°C

300°C

260°C

215°C
220°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering

ESD Tolerance (Note 10) 250V 250V
Electrical Characteristics
V* = +5.0V, unless otherwise stated
Parameter Conditions LM158A LM358A LM158/LM258 Units
Min Typ Max [Min Typ Max [Min Typ Max
Input Offset Voltage (Note 5), To =25°C 1 2 2 3 2 5 mV
Input Bias Current lingsy OF vy Ta = 25°C, 20 50 45 100 45 150 nA
Vewm = 0V, (Note 6)
Input Offset Current Iingsy = Iing=ys Ve = 0V, To = 25°C 2 10 5 30 3 30 nA
Input Common-Mode V* = 30V, (Note 7) 0 vV*-15] 0 V*-15| 0 V*-1.5 \
Voltage Range (LM2904, V* = 26V), T = 25°C
Supply Current Over Full Temperature Range
R, = e on All Op Amps
V* = 30V (LM2904 V* = 26V) 1 2 1 2 1 2 mA
V* =5V 05 1.2 05 1.2 05 1.2 mA
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Electrical Characteristics
V* = +5.0V, unless otherwise stated

Parameter Conditions LM358 LM2904 Units
Min Typ Max Min Typ Max
Input Offset Voltage (Note 5) , To =25°C 2 7 2 7 mV
Input Bias Current Iingsy OF lingys Ta = 25°C, 45 250 45 250 nA
Vewm = 0V, (Note 6)
Input Offset Current Iingry = Iingys Vem = 0V, Ta = 25°C 5 50 5 50 nA
Input Common-Mode V* = 30V, (Note 7) 0 V*-1.5 0 V*-1.5 Y
Voltage Range (LM2904, V* = 26V), Tp = 25C
Supply Current Over Full Temperature Range
R, = = on All Op Amps
V* = 30V (LM2904 V* = 26V) 1 2 1 2 mA
V* =5V 0.5 1.2 0.5 1.2 mA
Electrical Characteristics
V* = +5.0V, (Note 4), unless otherwise stated
. LM158A LM358A LM158/LM258 Units
Parameter Conditions " = =
Min Typ Max |Min Typ Max |Min Typ Max
Large Signal Voltage V* =15V, T, = 25°C,
Gain R, =2 kQ, (For Vo = 1V 50 100 25 100 50 100 VimV
to 11V)
Common-Mode Ta =25°C,
o . 70 85 65 85 70 85 dB
Rejection Ratio Vem = 0V to V'-1.5V
Power Supply V* = 5V to 30V
Rejection Ratio (LM2904, V* = 5V 65 100 65 100 65 100 dB
to 26V), T, = 25°C
Amplifier-to-Amplifier f=1kHz to 20 kHz, T, =25°C
. -120 -120 -120 dB
Coupling (Input Referred), (Note 8)
Output Current | Source | Viy* = 1V,
Vi~ =0V,
20 40 20 40 20 40 mA
V* =15V,
Vo =2V, Ta=25C
Sink | Vin™ = 1V, V)" = 0V
V* =15V, T, = 25°C, 10 20 10 20 10 20 mA
Vo =2V
Ve~ =1V,
Vo =0V
S 12 150 12 50 12 50 pA
Ta = 25°C, Vo = 200 mV,
VvVt =15V
Short Circuit t Ta = 25°C, (Note 2),
ort Circuit to Ground A (Note 2) 40 60 40 60 40 60 mA
V* =15V
Input Offset Voltage (Note 5) 4 5 7 mV
Input Offset Vi Rg = 0Q
PUECHiset Voltage s 7 15 7 20 7 uvIc
Drift
Input Offset Current vy = lingsy 30 75 100 nA
Input Offset Current Rg = 0Q 5
] 10 200 10 300 10 pA/’C
Drift
Input Bias Current lingsy OF lingy 40 100 40 200 40 300 nA
Input C -M V* =30V, (Note 7
put Common-Mode 3 (Note 7) 0 v—2| o vi—2 | o V-2 vV
Voltage Range (LM2904, V* = 26V)
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LM158/LM258/LM358/LM2904

Electrical Characteristics (continued)

V* = +5.0V, (Note 4), unless otherwise stated

" LM158A LM358A LM158/LM258 Units
Parameter Conditions ~ % -
Min Typ Max |Min Typ Max |Min Typ Max
Large Signal Voltage VvVt = +15V
Gain (Vo = 1V to 11V) 25 15 25 VimV
R_22kQ
Output Vou | V7 = +30V R, =2kQ 26 26 26 \Y
Voltage (LM2904, V* =26V) | R_=10kQ | 27 28 27 28 27 28 \Y
Swing Voo | V¥ =5V, R =10 kQ 5 20 5 20 5 20 mV
Output Current | Source | Vii* = +1V, Vi~ =0V,
10 20 10 20 10 20 mA
VvVt =15V, Vg = 2V
Sink | Vi~ = #1V, V" =0V,
WEl L 10 15 5 8 5 8 mA
VY =15V, Vg = 2V
Electrical Characteristics
V* = +5.0V, (Note 4), unless otherwise stated
—— CondTions LM358 LM2904 Units
am ition
Min Typ Max Min Typ Max
Large Signal Voltage V* =15V, T, = 25°C,
Gain R, 22 kQ, (For Vg = 1V 25 100 25 100 VimV
to 11V)
Common-Mode Ta = 25°C,
o ) 65 85 50 70 dB
Rejection Ratio Vewm = OV to VF-1.5V
Power Supply V* =5V to 30V
Rejection Ratio (LM2904, V* = 5V 65 100 50 100 dB
to 26V), T =25°C
Amplifier-to-Amplifi f =1 kHzto 20 kHz, T, = 25°C
mpxller o-Amplifier (o] z, Ta » 120 B
Coupling (Input Referred), (Note 8)
Output Current Source | Vin* = 1V,
Vin~ = 0V,
20 40 20 40 mA
V* =15V,
Vo =2V, T4 =25C
Sink | Vin~ = 1V, V)" = 0V
V2= 15V, T, = 25°C; 10 20 10 20 mA
Vo =2V
Vin™ = 1V,
Vin' = 0V
5 12 50 12 50 LA
Ta = 25°C, Vo =200 mV,
V* =15V
hort Circuit to G d Ta = 25°C, (Note 2),
Short Circuit to Groun A ( ) 40 60 40 60 -
V* =15V
Input Offset Voltage (Note 5) 9 10 mV
Input Offset Voltage Rg = 0Q
n;.)u set Voltag s 2 7 WVIC
Drift
Input Offset Current ingeny = linesy 150 45 200 nA
Input Offset C t Rs = 0Q
n?u set Curren s 4 10 OAC
Drift
Input Bias Current Iings) OF ling-) 40 500 40 500 nA
| - V* =30V, (Note 7
nput Common-Mode S ) 6 Vo2 . —_ .
Voltage Range (LM2904, V* = 26V)
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Electrical Characteristics (continued)

V* = +5.0V, (Note 4), unless otherwise stated

. LM358 LM2904 Units
Parameter Conditions - -
i Min Typ Max Min Typ Max
Large Signal Voltage V* = +15V
Gain (Vo = 1V to 11V) 15 15 VimV
R, 22 kQ
Output Vou | V= +30V R, = 2 kQ 26 22 v
Voltage (LM2904, V* = 26V) | R_ = 10 kQ 27 28 23 24 \
Swing VoL | V" =5V, R =10 kQ 5 20 5 100 mV
Output Current Source | Viy* = +1V, V™ = 0V,
10 20 10 20 mA
V* =15V, Vg = 2V
Sink | Viy™ = +1V, V" = 0V,
5 8 5 8 mA
V* =15V, Vg = 2V

Note 1: For operating at high temperatures, the LM358/LM358A, LM2904 must be derated based on a +125°C maximum junction temperature and a thermal
resistance of 120°C/W for MDIP, 182°C/W for Metal Can, 189°C/W for Small Outline package, and 230°C/W for micro SMD, which applies for the device soldered in
a printed circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be derated based on a +150°C maximum junction temperature.
The dissipation is the total of both amplifiers —use external resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated
in the integrated circuit.

Note 2: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short cirucits to ground, the maximum output
current is approximately 40 mA independent of the magnitude of V*. At values of supply voltage in excess of +15V, continuous short-circuits can exceed the power
dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers.

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP
transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on
the IC chip. This transistor action can cause the output voltages of the op amps to go to the V*voltage level (or to ground for a large overdrive) for the time duration
that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again retums to a value
greater than -0.3V (at 25°C).

Note 4: These specifications are limited to -55'C < Ta < +125°C for the LM158/LM158A. With the LM258/LM258A, all temperature specifications are limited to -25°C
< Ta < +85°C, the LM358/LM358A temperature specifications are limited to 0°C < T < +70°C, and the LM2904 specifications are limited to -40°C < Tp < +85°C.

Note 5: Vg = 1.4V, Rg = 0Q with V* from 5V to 30V; and over the full input common-mode range (0V to V* -1.5V) at 25°C. For LM2904, V* from 5V to 26V.

Note 6: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so
no loading change exists on the input lines.

Note 7: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the
common-mode voltage range is V* -1.5V (at 25°C), but either or both inputs can go to +32V without damage (+26V for LM2904), independent of the magnitude of
v

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be
detected as this type of capacitance increases at higher frequencies.

Note 9: Refer to RETS158AX for LM158A military specifications and to RETS158X for LM158 military specifications.

Note 10: Human body model, 1.5 kQ in series with 100 pF.

Typical Performance Characteristics

Input Voltage Range Input Current
15 %0 Vew =0V,
oM = 0 Voc
2 .
3 £ 70
~ C Vh = 430 Vpe
w
g / e 60— —
= = P 1
3 NEGATIVE & 50 ! ! |
> > + o
= S 40 V"= +15Vpe
2 POSITIVE 5 L —
E % 30 =
1 / = ey +|
> N 20 V' o= 45V
3 -~ 10 |
0
0 5 10 15 -55-35-15 5 25 45 65 85 105125
V¥ OR V™ POWER SUPPLY VOLTAGE (4Vpc) T, - TEMPERATURE (°C)
DS007787-34 DS007787-35
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LM158/LM258/LM358/LM2904

Ip = SUPPLY CURRENT DRAIN (mAgc)

Supply Current

]

m

T
+

NIk

!

1}—T, = 0°C T0 +125°C
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|
0 10 20 30
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DS007787-36
Open Loop Frequency
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Typical Performance Characteristics (continued)

Voltage Gain

160 I l
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~ 120 —
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O 7 N
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Common-Mode
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DS007787-39

Voltage Follower Pulse
Response (Small Signal)
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Typical Performance Characteristics (continued)

Large Signal Frequency

Response
20 T
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Output Characteristics
Current Sinking
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T
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Input Current (LM2902 only)
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o
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E
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DS007787-46

Application Hints

The LM158 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 Vpc. These amplifiers operate over a wide range
of power supply voltage with little change in performance
characteristics. At 25°C amplifier operation is possible down
to a minimum supply voltage of 2.3 Vpc.

Output Characteristics
Current Sourcing

8 T
vt I
7
w o
g\?,o 6 v‘
- + &
% vt/2 1
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o
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a o it
= W 4 0
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o
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DS007787-43

Current Limiting
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Voltage Gain (LM2902 only)
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DS007787-47

Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Large differential input voltages can be easily accomodated
and, as input differential voltage protection diodes are not
needed, no large input currents result from large differential
input voltages. The differential input voltage may be larger
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LM158/LM258/LM358/LM2904

Application Hints (continued)

than V* without damaging the device. Protection should be
provided to prevent the input voltages from going negative
more than -0.3 Vpc (at 25°C). An input clamp diode with a
resistor to the IC input terminal can be used.

To reduce the power supply current drain, the amplifiers
have a class A output stage for small signal levels which
converts to class B in a large signal mode. This allows the
amplifiers to both source and sink large output currents.
Therefore both NPN and PNP external current boost transis-
tors can be used to extend the power capability of the basic
amplifiers. The output voltage needs to raise approximately
1 diode drop above ground to bias the on-chip vertical PNP
transistor for output current sinking applications.

For ac applications, where the load is capacitively coupled to
the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion. Where the
load is directly coupled, as in dc applications, there is no
crossover distortion.

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of 50
pF can be accomodated using the worst-case non-inverting
unity gain connection. Large closed loop gains or resistive
isolation should be used if larger load capacitance must be
driven by the amplifier.

The bias network of the LM158 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of 3 V¢ to 30 Vpc.

Output short circuits either to ground or to the positive power
supply should be of short time duration. Units can be de-
stroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive function temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
output source current which is available at 25°C provides a
larger output current capability at elevated temperatures
(see typical performance characteristics) than a standard IC
op amp.

The circuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V*/2) will
allow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.

Connection Diagrams

8-Bump micro SMD

v+
|
H 7
OUTPUT A ouTPUT B
INVERTING _2 | | 6 INVERTING
INPUT A INPUT B
NON-INVERTING _3 ! l | 5 NON-INVERTING
INPUT A INPUT B
l 4
GND
DS007787-55
Top View

(Bump Side Down)

micro SMD Marking Orientation

XT = Date Code
X 3 !
/,, | .}

Pin 1 is identifisd by lower lett
corner with respect to the text.
DS007787-56

Bumps are numbered counter-clockwise.

Top View

Metal Can Package

OUTPUT A QuTPUT B
INVERTING INVERTING
INPUT A INPUT B

NON-INVERTING
INPUT A

NON-INVERTING
INPUT B

DS007787-1

Top View
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Connection Diagrams (Continued)

OUTPUT A

2
INVERTING INPUT A —1

NON-INVERTING
INPUT A

DIP/SO Package

N\
7
p—— OUTPUT B
LS4\
JETITT
INVERTING INPUT B
4 5 __ NON-INVERTING
INPUT B
DS007787-2
Top View

Ordering Information

— Temperature Range NSC D X
GRS 55°C to 125°C 25Cl085C | 0Cto70°C | -40°Cto85C kg
SO-8 LM358AM LM2904M
LM358AMX
LM358M MOBA
LM358MX
8-Pin Molded LM358AN LM2904N .
DIP LM358N
8-Pin Ceramic | LM158AJ/883(Note 11)
DIP LM158J/883(Note 11)
LM158J JOBA
LM158AJLQML(Note 12)
LM158AJQMLY(Note 12)
TO5, 8Pin | LM158AH/883(Note 11) LM258H LM358H
Metal Can LM158H/883(Note 11)
LM158AH
LM158H HO8C
LM158AHLQML(Note 12)
LM158AHLQMLY(Note
12)
8-Bump micro LM358BP
SMD LM358BPX GPAJEAB

Note 11: LM158 is available per SMD #5962-8771001
LM158A is available per SMD #5962-8771002
Note 12: See STD Mil DWG 5962L87710 for Radiation Tolerant Devices

www.national.com
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=m UNITRODE

L293
L293D

Push-Pull Four Channel Driver

FEATURES

o Output Current 1A Per Channel (600mA

for L293D)

e Peak Output Current 2A Per Channel

(1.2A for L293D)
o Inhibit Facility

e High Noise Immunity

e Separate Logic Supply

e Over-Temperature Protection

TRUTH TABLE
Vi Vo
(each channel)
H H H
L H L
H L .
L L Sl

*Relative to the considered channel

**High output impedence

BLOCK DIAGRAM

DESCRIPTION

The L293 and L293D are quad push-pull drivers capable of delivering
output currents to 1A or 600mA per channel respectively. Each channel
is controlled by a TTL-compatible logic input and each pair of drivers (a
full bridge) is equipped with an inhibit input which turns off all four tran-
sistors. A separate supply input is provided for the logic so that it may
be run off a lower voltage to reduce dissipation.

Additionally the L293D includes the output clamping diodes within the
IC for complete interfacing with inductive loads.

Both devices are available in 16-pin Batwing DIP packages. They are
also available in Power S0IC and Hermetic DIL packages.

ABSOLUTE MAXIMUM RATINGS

Collector Supply Voltage, VC. . ... 36V
Logic Supply Voltage, VSS. .. . ... .oiii 36V
Input Voltage, Vi . . ..o oo i 1A'
Inhibit Voltage, VINH. .. ... .o 7V
Peak Output Current (Non-Repetitive), louT (L293) .............. 2A

[OUTR(L293DITYAN - -\ [ ./ gtdetabeddbon il . 5 oo R - 1.2A
Total Power Dissipation

at Tground-pins = 80°C, N Batwing pkg, (Note) . .............. 5W
Storage and Junction Temperature, Tstg, Ty .......... -40 to +150°C

Note:Consult packaging section of Databook for thermal limitations and
considerations of packages.

7

VvSS L293
L\ 1 s_}j
Oﬂ} : 0
13 ' 14
J—_i4 13:r— -
5 120—¢
= 16 Wi =

O
VC

Note: Output diodes are intemal in L293D.

8/94




L293

1L293D
CONNECTION DIAGRAMS
DIL-16 (TOP VIEW) SOIC-28 (TOP VIEW)
N Package, SP Package DWP Package
= CHIP INHIBIT 1[1] ~ 28 vss
CHIP INHIBIT [ 1] 16] vss — R T
INPUT 1[2] 15] INPUT 4 outpuT 1[3] 26l oUTPUT 4
OUTPUT 1[3] 14] OUTPUT 4 n/c [4] 25 N/C
GND [4] 13 GND w/e [5] 24 /e
GND [5 12] GND n/G [6] 23 N/
OUTPUT 2 [G] 1] ouTPUT 3 anp [7] 22 GND
GND [8] 21 aND
INPUT 2 [7] 0] INPUT 3 asicl[o] ] ano
ve [8] [9] cHIP INHIBIT 2 wie [ e
/e [1] 18] N/C
ouTeuT 2 [12] 7] ouTPUT 3
INPUT 2 [13] 18] INPUT 3
v [14] 5] CHIP INHIBIT 2

ELECTRICAL CHARACTISTICS: (Foreach channel, Vc =24V, Vss = 5V, TaMs = 25°C, unless otherwise specified; Ta = TJ)

PARAMETER SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNITS

Coliector Supply Voltage Ve 36 \%
Logic Supply Voltage Vss 45 36 V

Collector Supply Current Ic Vi=L,lo=0,VINH=H 2 6 mA

Vi=H,lo=0, VINH=H 16 24 mA

VINH=L 4 mA

Total Quiescent Logic Supply Current Iss Vi=L,10o=0,VINH=H 44 60 mA

Vi=H,lo=0,VINH=H 16 22 mA

VINH=L 16 24 mA

Input Low Voltage ViL -0.3 1.5 Vv
Input High Voltage ViH Vss <7V 2.3 Vss \
Vss 27V 2.3 7 V

Low Voltage Input Current L Vi=0Vv -10 pA
High Voitage Input Current I Vi=45V 30 100 pA
Inhibit Low Voltage VINH, L -0.3 1.5 \Y
Inhibit High Voltage VINH,H  |VSs<7V 23 Vss \
Vss >7V 23 7 \

Low Voltage Inhibit Current VINH, L -30 | -100 | pA
High Voltage Inhibit Current VINH, H 10 uA
Source Output Saturation Voltage VCEsatH |lo =-1A (-0.6A for L293D) 1.4 1.8 \'
Sink Output Saturation Voltage VcEsatl |10 = 1A (0.6A for L293D) 1.2 1.8 Vv
Clamp Diode Forward Voltage (L293D only) VF IF =0.6A 1.3 V
Rise Time TR 0.1 to 0.9 Vo (See Figure 1) 100 ns
Fall Time TF 0.9t0 0.1 Vo (See Figure 1) 350 ns
| __Turn-on Delay ToN 0.5 Vito 0.5 Vo (See Figure 1) 750 ns
| Turn-off Delay ToFF 0.5Vito 0.5 Vo (See Figure 1) 200 ns




L293

L293D
SCHEMATIC DIAGRAM
&
T T T ' t 8 :
X Ve=24V. 1 | | | |
"xac:fof"v Koo Vg3V ———
50 [~ Vinu=High — 25 Vc-VeEsat H
g 48 o 20 /]
bW o 18 /‘//'I\lzs"c_
|
2 o 7 10 / -40°C -—
42 | |
5 ]
Tam=25
40 o // AMB=25°C
VCEsat L
Ny ™ \ ¥ 1 15 2 25
Vss - (V) V1 - (V)

Figure 1: Switching Times

Figure 2: Quiescent Logic Supply

Figure 3: Output Voitage vs

Current vs Logic Supply Voltage input Voltage
T T T T T [ ! T 1] l I
| Ve=24V l | | Ve=24V | Ve=24V
VINHIBIT=Vss=5V 3 VINHIBIT=Vss=5V| 3 VINHIBIT=Vss=5V
_ 2 lo=1.5A S
= , 2
Lo T 2 /I‘ ! -
3 VCEsat H |} g ,ﬁf“’!‘ F —1 1 lo=15A
8 T Veesat L g 4|4 el iy T To=1A
ot 1 > T T0-05A
o lo=0.1A
0 0 |-
0 05 1 1.5 50 0 50 100 -50 0 50 100
lo - (A) TAMB - (°C) TAMB - (°C)

Figure 4: L293 Saturation vs
Output Currrent

Figure 5: L293 Source Saturation vs

Ambient Temperature

NOTE: For L.293D curves, multiply output current by 0.6.

Figure 6: L293 Sink Saturation
Voltage vs Ambient Temperature




L293

L293D
APPLICATION INFORMATION (Cont.)
+Ve O ° +Ve O
SES5001 2 x SES5001
) SES5001 7
4
%g /\ 2 x sEss001/\
A B = = =
?10 1 ?15 =14 % 2
® el b
F—O+Vss 16
8 8 —O+Vss
v2 1293 | 9 Ve 15, Lo i
O Vinn
= 4,512,13 L 45121
Figure 7: DC Motor Controls (with Connection to Figure 8: Bidirectional DC Motor Control
Ground and to Supply Voltage)
VINH | A M1 B M2 INPUTS FUNCTION
H H Fast Motor Stop | H Run C=H;D=L Tum Right
H L Run L Fast Motor Stop VINH =H| C=L;D=H Tum Left
L X Free Running % Free Running C=D Fast Motor Stop
Motor Sto Motor Sto Free Running Motor
5 1 VINH=L | C=XD=X )

L=low H=High X=Don'tCare
L=Low H=High X=Don'tCare

IL1/IL2 = 300mA

D6 D2

A

A vss
o22uf | = 1 s L

D5 b N\ = k ) 2 D8 D4 =

z 13
+VCOo—4 L1§N|L1 g el ngumz
= 6 1=
el O[_“E P [ L

D1 - D8 = SES5001

Figure 9: Bipolar Stepping Motor Control



MOUNTING INSTRUCTIONS

The Rthj-amp of the L293 can be reduced by soldering
the GND pins to a suitable copper area of the printed cir-
cuit board or to an external heatsink.

The diagram of Figure 13 shows the maximum package
power Ptot and the 6JA as a function of the side "" of two
equal square copper areas having a thickness of 35 (see

COPPER AREA 35p THICKNESS

/
//{/ E———“—"g 7 X
_____ =
d B s
O B l Z |
\

P.C. BOARD

Figure 10: Example of P.C. Board Copper Area which is
used as Heatsink

4 80 )
B8IA S
—~ 3 - 60 o
g AN T
i ™~ | ] ]
L2 —= 40 |
o] -
- | —1 o
2. 1 =IPTOT(TAMB=70° C) 20
I | ! I | ]
o I
0 10 20 80 40
Side .t - mm

Figure 12: Maximum Package Power and Junction to
Ambient Thermal Resistance

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 » FAX (603) 424-3460

L2983
L293D

Figure 10). In addition, it is possible to use an external
heatsink (see Figure 11).

During soldering the pins’ temperature must not exceed
260°C and the soldering time must not be longer than 12
seconds.

The external heatsink or printed circuit copper area must
be connected to electrical ground.

17.0mm
N

1.9mm

38.0mm

e

Figure 11: External Heatsink Mounting Example (0uA =

25°C/W)

N

5
4 Ja
3
2

Ptot - (W)

Fre
1 Bl

0
-50 0 50 100

Tams - (°C)

Figure 13: Maximum Allowable Power Dissipation vs
Ambient Temperature
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74HC/HCT4051
8-channel analog
multiplexer/demultiplexer
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File under Integrated Circuits, 1C06
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Philips Semiconductors

8-channel analog
multiplexer/demultiplexer

FEATURES
= Wide analog input voltage range: + 5 V.

» Low “ON" resistance:

80 Q (typ.)atVoc— Veg =45V
70Q (typ.)at Veg — VEg = 6.0 V
60 Q (typ.)at Voc — VEg = 9.0 V
Logic level translation:

to enable 5 Vlogic to communicate with +5 V analog
signals

Typical “break before make” built in
Output capability: non-standard
e lgc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT4051 are high-speed Si-gate CMOS
devices and are pin compatible with the “4051” of the

Product specification

74HC/HCT4051

“4000B” series. They are specified in compliance with
JEDEC standard no. 7A.

The 74HC/HCT4051 are 8-channel analog
multiplexers/demultipiexers with three digital select inputs
(So to Sp), an active LOW enable input (E), sight
independent inputs/outputs (Y to Y7) and a common
input/output (Z).

With E LOW, one of the eight switches is selected (low
impedance ON-state) by Sy to S,. With E HIGH, all
switches are in the high impedance OFF-state,
independent of Sy to S,.

Vce and GND are the supply voltage pins for the digital
control inputs (Sp to S, and E). The Ve to GND ranges
are 2.0to 10.0 V for HC and 4.5 to 5.5 V for HCT. The
analoginputs/outputs (Yy to Y7, and Z) can swing betwesen
Vcc as a positive limit and Ve as a negative limit.

Vee — Vee may not exceed 10.0 V.

For aperation as a digital multiplexer/demultiplexer, Vgg is
connected to GND (typically ground).

QUICK REFERENCE DATA
Vee =GND=0V; Tamp=25°C; t, =y =6 ns
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tozn/ tpz turn “ON” time CL=15pF;, R_=1kQ;
Eto Vo Vec=5V 22 2 ns
Shto Vs 20 24 ns
tenz/ tprz turn “OFF” time
Eto Vg 18 16 ns
Spto Vg 19 20 ns
G input capacitance 3.5 35 pF
Crp power dissipation capacitance per switch notes 1 and 2 25 25 pF
Cs max. switch capacitance
independent (Y) 5 5 pF
common (V4] 25 25 pF
Notes

1. Cppis used to detemine the dynamic power dissipation (Pp in uW):
Pp =Cpp xVee2 x fi + £ { (CL + Cg ) xVec? xf, } where:

fi =input frequency in MHz
fo = output frequency in MHz
Z{(CL+ Cg)x Vg2 x1, } =sum of outputs
Cy = output load capacitance in pF
Cs = max. switch capacitance in pF
Vee = supply voltage in V
2. ForHC the conditionis V; = GND to Ve
For HCT the condition is Vy = GND to Ve - 15 V

December 1990



Philips Semiconductors Product specification

8-channel analog multiplexer/demultiplexer 74HC/HCT4051

ORDERING INFORMATION

R R I Ll R A N P I T SV copues L0, apnpoie Sindoonm  op o
880 THRCANT OGS Login Facksas interration”

PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
3 Z common input/output
6 E enable input (active LOW)
7 Vee hegative supply voltage
8 GND ground (0 V)
11,10, 9 Spic S, select inputs
13, 14,15,12,1,5,2, 4 YotoY; independent inputs/outputs
16 Vee positive supply voltage
Ye[1] u 18] Vec W2lal/ VEHEC,s O o
vl ie] ¥z s, V—w T3 O R I
z[3 E‘h Yabe—ss s |, 7 N
V7E 't_—a]\'g gy Sy Y3 f——12 el shiz
. 4051 v Yab—1 4 -
L] s i WL R, si—%
t[s] i3] %0 Yo 2 HILES
VuE E&p [ 3 E \ Yyb—2u sLs
oLt B‘z ]3 1283100 72832102
7Z83308
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol.

December 1990 3




Philips Semiconductors

Product specification

8-channel analog multiplexer/demultiplexer 74HC/HCT4051

18

APPLICATIONS
« Analog multiplexing and demultiplexing
« Digital multiplexing and demultiplexing

Voo e Signal gating
Yoii3
1% Y FUNCTION TABLE
b e
INPUTS channel
e E S, s, Sy ON
wi% Yq L L L L Yo - Z
& '[;}‘"" L L L H Y,-2Z
LoGic 4 L L H L Yo-2
i | |8 _m.gu_ L L H H Yz-2
L H L L Ys-2Z
9isa] Ysls D H L H Ys-Z
l‘-_r] L H H L Ys—Z
Yala L H H H Y;-Z .
H X X X none
z]a 1. H=HIGH voltage level
J’ b L = LOW voltage level
= i = X = don't care
Fig.4 Functional diagram.
Vec -j4——44— Vee
Tiij"ccg Yee
-—-—lq Yoc VEE
vee z
from togc

Aormasn

Fig.5 Schematic diagram (one switch).

December 1930




DAC0808
8-Bit D/A Converter

General Description

The DACOB808 is an 8-bit monalithic digital-ta-analog con-
verter (DAC) featuring a full scale output current settling time
of 150 ns while dissipating only 33 mW with 5V supplies.
No referencs current {lq ) timming is required for most ap-
plications since the full scale output current is typically *1
LSB of 255 15:£/256. Relative accuracies of better than
+0.19% assure B-bit monotonicity and lineasity while zero
level output current of less than 4 pA provides 8-bit zero ac-
curacy for 1gc-22 mA. The power supply currents of the
DACO808 is independent of bit cades, and exhibits essen-
tially constant device characteristics over the entire supply
voltage range.

The DAC0808 will interface directly with popular TTL, DTL or
CMOS logic levels, and is a direct replacement for the
MC1508/MC1408. For higher speed applications, see
DACO800 data sheet.

&National Semiconductor

May 1999

Features

® Relative accuracy: +0.19% emor maximum

m Full scale current match: =1 LSB typ

®m Fast settling time: 150 ns typ

u Noninverting digital inputs are TTL and CMOS
compatible

High speed mulliplying input slew rate: 8 mA/us
Power supply voltage range: +4.5V to +18V

B Low power consumption: 33 mW @ 5V

Block and Connection Diagrams

u
| P57 10 T
,.."‘},'.10—{ CURARNT SETCaRt 4]&'5
1 1§
TR0 R EURRET Vez
R
Vrer- 0=
LURNERT At progre
Vi
VSOSBST-1
Duakin-Line Package
ot puare 29 = U 12 comvrusanion
oo LI
vre-H] L2 Ymevin
3 13
e e P

- Y LLYPRTY

n LY

pres LI

mt L

LENFEET-Z
Top Yiew

Order Number DAC0808
See NS Package M16A or N18A

© 1999 National Semiconductor Corporation DS005687

www.national.com
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Ordering Information

Block and Connection Diagrams (continves)

Small-Outline Package

ACCURACY OPERATING
TEMPERATURE RANGE N PACKAGE (N18A) SO PACKAGE
{Note 1) (M18A)
8-bit 0°CsT,<+75'C DACOB08LCN [ MC1408P8 DACO0808LCM

Note 1: Devices may be ordered by using either erder number.

www.national.com




Absolute Maximum Ratings o 2

It Military/Aerospace specified devices are required,
Please contact the National Semiconductor Sales Officef

Distributors for bility and specifications.

Power Supply Voltage
Vee +18 Vo
Vee —18V,¢

Digital Input Voltage, V5-Vi2
Applied Output Voltage, Vo

=10 Voq to +18 v,
=11 Vo to +18 Vg

Storage Temperature Range
Lead Temp. {Soldering, 10 seconds)
Dual-In-Line Package (Plastic)
Dual-In-Line Package (Ceramic)
Surface Mount Package
Vapor Phase {80 seconds)
Infrared (15 secands)

Operating Ratings

-85°C to +150°C

260°C
300°C

215C
220°C

Tuin S Ta < Tiax

Reference Curment, I,, SmA Temperature Range
Reference Amplifier Inputs, V14, V15 Vee Vee DAC0808

Power Dissipation (Note 4) 1000 mw

ESD Susceptibility (Note 5) TBD

Electrical Characteristics

(Voc =5V, Vee = =15V, Vaee/R14 = 2 mA, and all digital inputs at high logic level unless otherwise noted.)

0 <Ta < +75°C

Symbol Parameter Conditions Min Typ Max Units
E, Relative Accuracy (Emor Relative (Frgure 4) %
to Full Scale 1)
DACQ808LC (LM1408-8) *0.19 %
Setting Time to Within 4 LSB To=25"C (Note 7), 150 ns
{includes t,,,) (Frgure 5)
touns tone Propagation Delay Time Ty = 25°C, (Figure 5) 30 100 ns
TCl, Output Full Scale Cument Drift +20 ppm/"C
MSB Digital Input Logic Levels (Figure 3
Vi High Level, Logic *1" 2 Vo
Vi Low Level, Logic 0" 0.8 Voe
mMS8 Digital input Current (Frgure 3)
High Levet Viu =5V 0 0.040 mA
Low Level V,. = 0.8V -0.003 -0.8 mA
lys Reference Input Bias Cument (Frgure 3) -1 -3 pA
Output Cumrent Range (Figure 3)
Vee = -5V 0 2.0 21 mA
Vee = =15V, T, = 25°C 0 2.0 4.2 mA
o Output Current Vaer = 2.000V,
R14 = 10002,
(Figure 3) 1.9 1.99 241 mA
Output Current, All Bits Low (Figure 3) 0 4 A
Output Voltage Compliance (Note 3) E,<0.19%, T, =25C
Vee==5V, lgee=1 mA ~0.55, +0.4 Vic
Vee Below 10V -5.0, +0.4 Voc
SRl Reference Cument Slew Hate {Figure 6) 4 8 mA/us
Output Cuvent Power Supply <5V S Ve < -18.5V 0.05 2.7 HANV
Sensitivity
Power Supply Current (Al Bits (Fgure 3)
Low)
lse 23 22 mA
Iz 4.3 -13 mA
Power Supply Voltage Range T, =25°C, (Figure 3)
Vee 4.5 5.0 5.5 Voe
Vee -45 | -1§ -16.5 Voe
Power Dissipation

www.national.com



Electrical Characteristics (continued)
(Vee = 5V, Vee = =156 Vpg, Vrer/R14 = 2 mA, and all digital inputs at high logic level unless otherwise noted.)

Symbol Parameter Conditions Min Typ Max Units
All Bits Low . 1 Vee =5V, Ve = -5V 33 170 mw

Vee = 5V, Vege = -15V 106 305 mw

All Bits High Vee = 15V, Vgg = -5V 90 mw

Vee = 15V, Vge = =15V 160 mw

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.
Note 3: Range control is not required.

Nm 4: The maxrmum pawer dissipation must be derated at elevated temperatures and is dictated by T juax. 834, and the ambient temperature, To. The maximum

ble power dissipation at any temp is Pp = (Tyuax — Ta)®a o the number given in the Absolute Maixmum Ratings, whichever is lower. For this device,
Timax = 125°C, and the typical junction-to-ambient thermal resi: of the dual-in-line J pack when the board mounted is 100°C/W. For the dual-in-line N pack-
age, this number increases to 175°C/W and for the small outline M package this number is 100°C/W.

Note 5: Human body model, 100 pF discharged through a 1.5 kR resistor.

Note 6: All current switches are tested to guarantee at least 50% of rated current.

Note 7: All bits switched.

Note 8: Pin-out numbers for the DALO8OX represent the dual-in-line package. The small outline package pinout differs from the duakin-line package.

Typical Application

Veg * v A2 A8 )

=10V (M+—+ -
VoA 2
DS005687-23

5 W 5.0008
usE A1 O—p F—O——AAA—0 1.0V - Vpif

0IGITAL AMO— pacosor =

INPUTS a5

Yo
nuTPuT

DS006687-3

FIGURE 1. +10V Output Digital to Analog Converter (Note 8)

Typical Performance Characteristics Ve = 5V, Vee = -15V, Tx = 25°C, unless otherwise noted

Logic Input Current vs Bit Transfer Characteristics Logic Threshold Voltage vs
input Voltage B Temperature
W EEEEEpEERER g
= T I } P, [ { s AT 174 =2 mA - -1 E‘ 2 T
< 6 b H it -L = 48 |- i
3 E t ) 5 b ,
Z ! | = T 2 s P~ ! L
£ l iy TR A 2
S . . ‘ e R >
F Il | ] l ' 5 05 | -+ z “PTRE
H RO i by H T a2 2 L
s T 17T £ "V -1 T Z e
g, Al THROUGH A8 _ 3 04 L A5 £ o3
2 ) 4 !/- U {1 e s o ' [
' il 2 02 g m / o 0.6
= —T 2 TN ; g o4
. 11 | l 1 1] o WYY i = _
L +
~12-10 8-6 4 202 4 6 81012141618 ~12-10-8-6-4-20 24 6 8 101214 1618 = A . l
V| - LOGIC INPUT VOLTAGE (V) Vi - LOGIC INPUT VOLTAGE (V) 7 e5-3-19-1 17 3 53 71 89 107125
RSO0SOST:HS DS005687-15 Ta - TEMPERATURE (€
DS005687-16
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Typical Performance Characteristics v, = 5v, Ve = -15V, T, = 25'C, unless otherwise

noted (Continued)

Output Current vs Output
Voltage (Output Voltage
Compliance)

ALL BITS "ON" ] I '1
[
=t 7
Veg=s 15 |Vge = -5V

!
[ I1IA=2LmA
|

12 Iha=TmA

SO CXRSMIMN,

1g - OUTPUT CURRENT (imA)
=
®
-—

04 [ ha=02mA
[ 1§ [
-14 10 -6 -2 2 6 10 14 18
Vg - OUTPUT VOLTAGE (V)
DS005887-17

Typical Power Supply
Current vs Ve

8
7

ALLBITS HIGH OR LOW | |
N !

lee WITH g =2mA ™ T~

- r

6 I l

5 lgg WITH Ij4= 1 mA

I ) i
| |tgeWITH 4= 02 mA
T T

Iee T
2 | L

0 -2 -4 -6 -8-10-12-14-16-18-20
VEg ~ MEGATIVE POWER SUPPLY (V)
DS005687-20

POWER SUPPLY CURRENT (mA)
n

Unless otherwise-specified: R14 = R15 = 1 kQ, C = 15 pF, pin 16 to Vee; R = 50Q, pin 4 to ground.

Output Voltage Compliance
vs Temperature
b1}
I
[ BREON AN ANS N
A .
s 5 PANANANN 5.\\
= D N QW
= ERS N SERT NS NN
2 8 [~SHADED AREA INDICATES i——
5 PE € QUTPUT
S % 177 VOLTAGE RANGE FOR
5 9 |3 Vees 15 g=2mA
Annge AN
g AR
S U IITRIRRR ;
9 N \N
=8 N NN SN
12 . il al

-50 0 50 100 150
TEMPERATURE { C)
DS005687-18

Typical Power Supply
Current vs Ve

POWER SUPPLY CURRENT (mA)

]

~

ALL BITS HIGH OR LO]W

I 113= 2 mA | }
| .

i

'EE

o
0 2 4 6 8 10 12 14 16 18 20

Vg - POSITIVE POWER SUPPLY (V)

DS005687-21

Typical Power Supply
Current vs Temperature

POWER SUPPLY CURRENT (mA)

Reference Input

Frequency Response
& T
A <
Ny
2 o0 .
F o P
5 -2 TN \\ i
& N
5 -4 ‘\‘a
S N\
E =\ |
= -8 \g.
S -
=y 12
-14
16 A
01 03 1 3 10
f — FREQUENCY (MHz)
DS005687-22

LX)
10
60
5.0
4.0
30
20
10

0

Curve A; Large Signal Bandwidth Method of Figure 7, Veee = 2 Vp-p offset 1V above ground.

Curve B: Small Signal Bandwidth Method of Figure 7, R, = 250Q, Vger = 50 mVp-p offset 200 mV above ground.
Curve C: Large and Small Signal Bandwidth Method of Figure ¢ (no op amp, R_. = 50Q), Rs = 50Q, Vrer = 2V, Vg = 100 mVp-p

centered at OV.

ALL BITS HIGH OR LOW
Lhg=2mA } !
—
lee
!
j
|
[ ——
)
L]
50 0 50 100 150

TEMPERATURE ('C)
DS005687-19
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