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1

RESISTOR CAPACITOR
R1,R37 = 15 KOHMS. €1,C10 = 10 uFARAD,
RZ,R38 = 27  KOHMS. C2,C3,C11,C12 = 4,7  uFARAD.
R3,R4,R39,R40 = 3.3  KOHMS. c4 = 0.01 uFARAD.
R5\R11,R12,R41 = 10.00 KOHMS. C5,C6 = 10-  pFARAD.
R6 = 1.5  KOHMS. G1// = 0.012 uwFARAD.
R7 " = 10 MOHMS. €8,C9 = 78 PFARAD.
R8,R17-R24 = 330  OHMS.

R9,R10,R13 = 5.00 KOHMS. !

R14-R16,R33-R36 = 2.500 KOHMS. -

R25-R32 = 560  OHMS DI typ4  1NO14

VR1 = 100 KOHHMS, T1 lue3  2N356

LED 11 7

Ic

1. LM311 1 17 2, LF351 2 1
3. LF353 2 - 4. LF398 1 A7
5. TLC555 1 A7 6. MC1408LE 2 A7
7. T4L5244 2 a7 8. T74LS123 1 a7
G, 7415374 1 o 10. 74LSOG 5 a7
11,74L510 3 an 12, 74L514 2 a7
13.74L574 2 fin 14, 741576 6 a7
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CIRCUIT DIAGRAM OF POWER SUPPLY
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LF198/LF298/LF398, LF198A/LLF338A
Monolithic Sample and Hold Circuits

General Description

The F198/LF298/LF398 are monolithic sample and hold
circuits which utilize BI-FET technology to obtain ultra-high
dc accuracy with fast acquisition of signal and low droop
rate. Operating as a unity gain follower, dc gain accuracy is
0.002% typical and acquisition time is as low as 6 us to
0.01%. Abipolar input stage is used to achieve low offset
voltage and wide bandwidth. Input .offset adjust is accom-
plished with a single pin, and does not degrade input offset
drift. The wide bandwidth allows the LF198 to be included
inside the feedback loop of 1 MHz op amps without having
stability problems. [nput impedance of 10100 aliows high
source impedances to be used without degrading accuracy.
P-channeljunction FET's are combined with bipolar devicesin
the output amplifier to give droop rates as low as 5 mV/min
with a 1 uF hold capacitor. The JFET's have much lower
noise than MOS devices used in previous designs and do
“not exhibit high temperature instabilities. The overall design
guarantees no feed-through from input to output in the hold
mode, even for input signals equal to the supply voltages,

Features

® Operates from £5V to =18V supplies

® Less than 10 us acquisition time

® _TTL, PMOS, CMOS compatible logic input
® 0.5 mV typical hold step at C;, = 0.01 nF
2 Low input offset

B 0.002% gain accuracy

m Low output noise in hold mode
W input characteristics do not change during hold mode

m High supply rejection ratio in sample or hoid

» Wide bandwidth

Logic inputs on the LF198 are fully ditferential with low input
current, allowing direct connection to TTL, PMOS, and
CMQOS. Differenual threshold is 1.4V. The LF{98 will oper-
ate from =5V to * 18V supplies, It is available in an 8-lead
TO-5 package.

An “A” version is available with tightened electrical speciti-
cations. -

‘Typical Connection and Performance Curve

ARALOG INPUT O

SV o—
l LoGIc
INPYT -
ov

Connection Diagrams

Dual-In-Line Package

o N\ .

V" — Logic
OFFSET _2 1_lo6ic
A0JUST " ReFeREnCE

1 §
INPYT maened b= C,,
R ¥ 5
v —t —guTPUT
TOP viEW

Order Number LF398N or LF398AN
See NS Package Number NOSE

Acquisition Time
1
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v Ti =25 C
1
14 4 :
10
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3 T t
g c.unaﬁsi&l\‘
100
|
]
.y
1000 =2
0.001 o1 0.

HOLD CAPACITOR (uf) TL/HISE92-2

Metat Can Package

108 VIEw

Order Number LF198H, LF298H, TLiHsa892-11

LF398H, LF198AH or LF398AH
See NS Package Number HO8C




Absolute Maximum Ratings

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

Supply Voltage

Power Dissipation (Package Limitation) (Note 1)
Cperating Ambient Temperature Range

LF188/LF198A
LF298
LF398/LF398A
Storage Temperature Range

Input Voltage

(Note 2)
*18V

500 mw

—55°Cto +125°C
—25°Cto +85°C
0°Cto +70°C

~65°Cto +150°C N package 115°C/W

0,c (typical) 20°C/W

Qutput Short Circuit Duration

Hold Capacitor Short Circuit Duration

Lead Temperature (Soldering, 10 seconds)

Thermal Resistance (044) (typicals)

H package 215°C/W (Board mount in still air)
85°C/W (Board mount in 400LF/min air fiow

Equal to Supply Voltage
Logic To Logic Reference Differential Voltage +7V, —30v

Indefinite

10 sec
260°C

Electrical Characteristics (ote 3) i

Parameter Conditions CP198/1F298 LF3s8 Units
Min | Typ Max | Min ! Typ | Max
Input Offset Voltage, (Note 6) Tj = 25°C i 3 2 74 omv
Full Temperature Range 5 10 mv
Input Bias Current, (Note 6) T =25C ' 5 25 10 50 nA
Full Temperature Range g\ 75 100 | nA
Input Impedance Tj=25°C 1010 1010 a
Gain Error T; =-25°C, R = 10k . -0.002 | 0.005 0.004 | 0.01 %
full Temperature Range 0.02 002 %
Feedthrough Attenuation Ratio Tj=25°C.Cp = 0.01 uF \ 86 96 80 S0 a8
at 1 kHz
Output Impedance Tj = 25°C, “HOLD" mode 0.5 2 0.5 4 R
Full Temperature Range 4 6 2
“HOLD" Step, (Note 4) Tj = 25°C. Ch = 0.01 uF, Vouy = 0 05 | 20 10 | 25 | mV
Supply Current, (Note 6) Tj225:C _ 4.5 5.5 45 | 65 | mA
Logic and Logic Reference input T= éS‘C 2 10 2 10 pA
Current
Leakage Current into Hold Ti = 25°C, (Note 5) 30 100 30 200 pA
Capacitor (Note 6) Hold Mode .
Acquisition Time to 0.1% AVoyt = 10V, Cp, = 1000 pF . 4 4 s
Ch = 0.01 pF 20 20 us
Hold Capacitor Charging Current Vin—Vour = 2V 5 5 __’m_A_,
Supply Voitage Rejection Ratio Voutr = 0 80 110 80 110 ___di,
Differential Logic Threshold T, = 25°C 08 | 14 | 24 |o8| 14 | 24| V




:trical Characteristics (Continued) (Note 3)

, Parameter Conditions LF198A LF398A Units
Min | Typ Max | Min | Typ Max
\fset Voltage. (Note 6) T]- = 25°C 1 1 2 2 mVv
Full Temperature Range 2 3 mV
s Current, {Note 6) Ti = 25°C 5 25 10 25 nA
Full Temperature Range 75 50 nA
ipedance T = 25°C 1010 1010 QO
E'or Tj = 25°C, R = 10k 0.002 | 0.005 0.004 | 0.005 %
Full Temperature Range 0.01 0.01 %
ough Attenuation Ratio - j = 25°C,Cn = 0.01 uF 1 86 96 86 90 - a8
mpedance T} = 25°C, “HOLD" miode 0.5 1 0.5 1 Q
. Full Temperature Range 4 Y 8 0
™ Step, (Note 4) Tj = 25°C,Ch = 0.01uF, Vour = 0 "1 o0s 1 1.0 | 1 mv
“Surrent, (Note 6) T225°C : 45 | 55 45 | 65 | mA
™d Logic Reference Input | Ty = 25°C 2 f 30 2 10 | pA
“2 Current into Hold 1 T= 25°C: (Note 5) ~ 2 30 100 30 “100 pA
or (Note 6) | Hold Mode 10
=ion Time t0 0.1% AVouT = 10V, Cyy = 1000 pF 4 6 4 6 us
- Ci = 0.01 uF 20 25 20 25 s
}npacitor Charging Current | Viy—Vour = 2V 5 s | mA
4
-Voltage Rejection Ratio Voutr = 0 90 110 S0 110 dB
itial Logic Threshold Tj= 25°C 0.8 1.4 2.4 0.8 1.4 2.4 \
“The maximum junction temperature of the LF198/LF198A 1s 150°C, for the LFF298, 115°C, and for the LF398/LF398A, 100"C. When operating at elevated
: 2, the power aissi must be based on a thermal resistance (O4a) ot 150°C/W.

Although the aifferential voltage may not exceed the limits given, the common-mode voitage on tha logic pins may be equal to the supply vt;nége.;."without
“damage to the cwcuit, For proper logic operation, however, one of the logic pins must always be at least 2V below the positiva supply and 3V above the
3 supply. A o
" Unless otherwise specified. the following conditions apply. Unit 1s in “'sample” mode, Vg = =15V, Tj = 25°C, 11,5V < Viy 5 +11.5V,Cpy, = 0.01 uF,
_= 10 k). Logwc reference voltage = QV and logic voltage = 2.5V.

Hold step is sensitive to stray capacitive coupling between input logic signats and the hold capacitor. 1 pF, for instance, will create an additional 0.5 mV
h a 5V logic swing and a 0.01uF hold capacitor. Magnituge of the hold steo 1s mnversely proporticnal 1o hold capacitor value,

.Leakage current is measured at a junction temperature of 25°C. The etfects of junction temperature nse due 10 power di ion or i can
vlated by.doutting the 25°C value for each 11°C increase in chip temperature. Leakage is guarantaed over tuli input signal range.

These parameters guaranteed over a supply voltage range of =510 =18V. and aninputrange of —Vg + 3.5V < Vyy = +Vg — 3.5V.

ical Performance Characteristics

Dielectric Absorption

Aperture Time* Error in Hold Capacitor Dynamic Sampling Error
; "
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Electrical Characteristics (Continued) (Note 3)

Parameter Conditions LF138A LF398A Units
Min | Typ Max | Min | Typ Max
“out Offset Voltage, (Note 6) Tj= 25°C 1 1 2 2 mv
Full Temperature Range 2 3 mv
“out Bias Current, {Note 6) Tj=25C 5 25 10 25 nA
Full Temperature Range 75 50 nA
out Impedance T =25C 1010 1010 Q
3ain Error T, = 25°C, Ry = 10k 0.002 | 0.005 0.004 | 0.005 .9
Full Temperature Range ) 0.01 0.01 %
:%dthroqgh Atteruation Ratio Tj = 25°C.Cp = 0.01 uF 86 96 2T 86 90 ds8
21 kHz -
“utout Impedance Tj =.25°C, “HOLD" mode 0.5 1 0.5 1 it}
Full Temperature Range 4 6 . Q
HOLD" Step, (Note 4) Tj = 25°C, Cpy = 0.01F, Vour = 0 05 | 1 10 1 mv
Suoply Current, (Note 6) Tj225°C 45 | 55 45 | 85 | mA
-gic and Logic Seference Input Tj = 25°C 2 10 2 10 wA
“urent 2
-2akage Current into Hotd Tj = 25°C, (Note 5) . 30 100 30 100 PA
-doacitor (Note 6) _ Hold Mode ; . L
*equisition Time t0 0.1% AVoyt = 10V, C,, = 1000 pF 4 6 4 6 us
Ch = 0.01 uF \ 20| 25 20 25 s
“2ld Capacitor Charging Current | Viy—Voyr = 2V 5 5 mA
4ply Voltage Rejection Ratio | Voyr = 0 9 | 110 90 | 110 d8
~Herentiat Logic Threshold Tj = 25°C 08 | 1.4 24 [ 08| 14 24 v
“"f 1: The Junci of the LF198/LF198A is 150°C, for the LF298, 115°C, and far the LF398/LF398A, 100°C. When operating at elevated
mblent tem, . the power di must be d based on a th i {Bja) of 150°C/W.

i‘“"_ 2: Although the citferential voltage may not exceed the limits given, the commaon-mode
Ausing damage to the circut, For proper logic operation, however, cne of the logic pins mu

"0gative supply.

Yote 3; Unless otherwise specified, the following conditions apply, Unit is in “sam
ind Rl = 10 k0. Logrc reference voitage = OV and logic voitage = 2.5V,

voltage on the logic pins'may be equal to the Suppty volages without
ust always be at least 2V below the positive supply and 3V abovae the

ple”mode. Vg = %15V, Tj = 25°C, ~11.5V = Viy £ +11.5V.Cpy = 0.01 uF,

!"‘" 4: Hold step 1s sensitive to stray capacitive coupling between input logic signats and the hold capacitor. ¥ pF, for instance, will create an additional 0.5 mv
80 with 3 5v logic swing and a 0.01uF hold capacitor. Magnitude of the hold step s inversely proportonal to hold capacitor value,

Note 5, ¢,

R eakage current is measured at a unction temperature of 25°C. Tha effects of
-3 Caleulateg by doudting the 25°C value for each 11°C increase in chip . Loak.

Vote 6; These parameters guaranteed over a supply voltage range of +5to +18V, and an input range of —Vg + 35V <

Typical Performance Characteristics

Dielectric Absorption
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Typical Performance Characteristics {Continued)

Output Droop Rate Hold Step “Hold" Settling Time*
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LINEAR TYPES TLC355M, TLCSRSC
INTEGRATED . LinCMOST™™ TIMERS
CIRCUITS . e ) D2784, SEPTEMBER 1983
® Very Low Puwer Consumption . . . 1 W 7 Ticsssm. < - JG PACKAGE

Typ at }’DD 5V TINESSE .. D, UG, or I' PACKAGE
{TOP VIEW)

. Capablcj){ Very-High-Speed Operation
Typlcally 2 MHz in Astable Mod s

L] Complnmentary CMOS output Capa'le of
Swinglhg Rail-to-Rail

® High Output-Current Capability
... Sink 100 m#£ Typ

.S e TOmMA T .
oure m e functiora! block diagramn

® Output Fuﬂy CMOS TTL-, and_ R Voo
D RESET
MOS- CoMpatlble sk (8)[CONTROL 13, .
® lLow .;upbly Current Reduces Spikes Dun s |® ol
Output Tmnsmons rn 16) | iy r
® High lmpddance Inputs ... 1012 9 Typ- THRESHOLD 2 P 3 )
Single- Supply Operation from 2 to 18 V S outeuT 4
< . : [’H
Funcuona!lyllmerchangeab!o with the <R S o
Signetics NESSS5; has Same Pinout 4 31 . o .
3 - i Y - N
. (2) - Q
description ARt ol [ —d / f g
The TLC555 is a monolithic timing circuit fabiricated 3R L . u.
using TI's LinCMOS™™ procéss. Due to itz high- L 147 - —
impedancs inputs (typically 1012 0), it is capzble of Z, () DISCHARGE (3
producing acéurate time delays and oscillations while ) y i Q
Reset can override Trigger, which can override Threshold. Q
using (ssexpe__s(ve smallcr timing car\acnou than [o
the NES55.°Tik2 the NE555 the TLCKSS achm?/ns e 2 : [42)

hoth monostahie {using one resistor and one cap'\cnor)
and astable “lusing twn resistors anc one capicitor)
operation. !rﬁ_uddmon £0% duty cycle »stabie operation is posusible using enly a single rasistor and one ca, acitar,
The LmCMéETM process allows the TLC555 1 operate at frequencies up to 2 MiHz and be fully compa:ible with CMOS,
TTL, and MCS logic. Italso provides very los+ povier conzumplon (typcahy T mW at'Vvpp = 5 V) over 5 wide range
of supply volhges ranging {-om 2 Volts to 18 veits.

Like the NEGSS, the threshold and trigger ievels zre noraally two-thirds and one-thire respectively of Vpp. These
levels can be sltered by use of tie cantrol voltage terminel. Wien the trigger input falls below trigger level. ¥in flip-
top is set and the output Goes high, If the trigger input is cbove the trigger ievel and tha threshold input is atove
the threshold lavel, the flip- flop is reset and the outnut is low. The reset input can override sll other inputs and can
be used to init'ate & new timing cycle. When the reset inpist goes low, the flip- flop is reset and the output goes low.
Whanever :he output is low, a low- mpedancf. pa‘h is provided between the discharye terminal ana around

5
White ths comp!ememary CMOS output is "ap’nble of sinking over 100 mA and sourcm(‘ over 10 mA, the TLZESS ,
exhibits g,reaﬂx reduced supply "urrem spikes dunng,(-utp 1t transitions. This minimizes the need for the large decoupling
sapacitors reqm'ed by the NESS5

These dev: .eqbave internal electrostatic dn"charg ESD) oratection circuits that wilt prevent cstestrophic failures
at voltage up :o 2000 volts as tested under MiL 'STD.-&E.?S Meathod 3015.1. However, care should be rxercised in b
handling thosa devnces a8s exposure to ESD mavudsuh-m a degradation of tha devize pa ‘ametric performanca.

‘

All unused lnputs should be tied to an apprepriate’ ic level to preveat falen mrgvnnq

The TLCS55M is characterized for operation sver the {u'l military <craz2rature renge of -55°Cto 125°C; the TLC5%3
is charactarized for operation from 0°C to 70°C.

L )
Copynight © 1903 by Texas Instruments {ncorporated

ADVANCE INFORMATION
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TYPES TLC555M, TLCS550 |
LinCMOS™ TIMERS

¢,

FUNCTION TAPLE 1.,

RESCT TRIGGER THRESHOLD ) £ oUTRUT DISCHARGE
$YOLTAGE! VOLTAGE! \ SWITCH
Low . lrrelevant lirelevant "1 Low Cu
High < 1/3 Vpp trretevant “u” High Off
T High > 113 Vpp > 2/3 Vpo . low On
High > 13 Vpp < 2/3 Vpp As previously established

’Vollages lgvels shown are nominul,

absolute maximum ratir:gs over operating free-air temperature runge (unless otherwise noted) o

Supply voltage, Vpp (see Note 1) ... oot e e e . 8V
Input voltage range (any mput) B P i S M e, -O‘AB Vito 18V
Contintaus total dissipation at Tor below) 25°C free-air h.mperature (see Note 2)......... .... i 600 mW
Operauny free-air temperature ranga: TLC535M . e eeiey cieaveeee.. —55°Cto 126°C

t TLCH55C . ... vt I U, Y. 0°C to 70°C

4 Storage temperature range . . . . . S R ¥ IS 2 . % ~65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG-packege ....... . 300°C
Lead temperature 1,6 mm (1/16 mch) froin case for 10 seconds: D or P package i 260°C

MOTES: 1. Al voltage values sre with respect to network ground Lerniinal,

’ mounted F P
i ¥
electrical characteristics at 25°C free-air temperature, VLo = 5?V to 15 V (uniess otherwise noted)

v

Cb

o

2. For operation abgve 25°C free-air temperature, refer to Nissipative Derating Curves, Section 2. In the JG package, TLC555M chips are alloy-
bl

SuulLulg (RIVBUS

PARAMETER v S . TEST CONDITIONS "7l MIN YYP MAX | uniT
’Thisshold voltage level as a vl ] | 3 ) d.,
percentage of supgly voltage
“Threshold current » Vop =65V i 10 pA
Trigger voltage level as 2 33.3% -
percentage of supply voltage X H
° Trigger current + Vpp =5V “t 10 pA
Reset vohage level - o -, 0.7 ., .V
Reset currem: ; Vpp = 5 V A 210 pA ™
Control volits; . {open-circuit) &s a ' o 66.7% -
percentage of supply vultage . A ) N
loL = 'O mA 0.1
i \ Vpp = 15V { igy = 56 mA 0.5
Low-level oLt .4 voltage y loL = 100 mA - 1 v
oL = 5 mA o1 1
Vv =5V .
o0 ioL = BmA G.16
IoH = -1 mA 14.8
Vpp = 15V 194 = -5 mA 14
High-level uetpui voltage IoH = —10 mA 127 7 v
IGH = -2 mA 4
Vpp = 3V oH . -
iOH = ~1 mA 4.6
j Vpp = 15V 360 \
i L -
Supply current . Vop =5V 170 . »A
b
: . fé' .
£ f
]
5-98 TExas
- INSTRUMEN1S

i POST OFFICE BOX 225012 @ DALLAS TEXAS 75265
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TYPEG TLC535M, TLCS55C
A ' LinCMDST™ TIMERS

operating characteristics, Vpp = 5 V, TA = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
J Vop = 5V1o 15V, '
Initial error of timing intorvat oo 1%
Ra = Rg = 1 kN to 100 1.9,

Supp! | itivi Ct = C.1 4F,

upply voltage sensitivity T u o.1 %V
of timing interval See Figure 1
Output pulse rise time Vyp =5V, Ry = 10 My, 20 -
Output pulse fail time Cy = 10 pF 20
Maximum frequency in Rp = 4700, Rg = 200 Q, 2.1 MH ’
astable mode C1 = 200 pF N 2

TYPICAL APPLICATION DATA :

R
8 THRES,

é Voo

e in Lo
: BuF , ¥
. T o~\\ .S
g o |18, - .0
La “4 .YDD""' < %: Ry e g
DISGH: " 171 - 8

2 ) 3 )
: . % our ¥l ouTPUT 8
Q
¥p}

TRIG J_
. C
cr GND

. 1—\ _lm :_l:

FI'GURE 1-CIRCUIT FCR ASTABLE OPERATION
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National
Semiconductor
Corporation

‘DAC0808, DAC0807, DAC0806 8-Bit D/A Converters

General Description

The DAC0808 series is an 8-bit monolithic digital-to-analog
converter (DAC) featuring a full scale output current settling
time of 150 ns while dissipating only 33 mW with £5V sup-
plies. No reference current (Inge) trimming is required for
most applications since the full scale output current is typi-
cale +1 LSB of 255 Iggr/ 256. Relative accuraciss of bet-
ter than +£0.19% assure 8-bit monotonicity and linearity
while zero level output current of less than 4 pA provides
8-bit zero accuracy for Iggp22 mA. The power supply cur-
rents of the DAC0808 series are independent of bit codes,
and exhibits essentially constant device characteristics over
the entire supply voltage range.

The DACOB08 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
DACO0800 data sheet.

Features

m Relative accuracy: £0.19% error maximum (DAC0808)

u Full scale current match: 1 LSB typ

® 7 and 6-bit accutacy.auailable 4AL0807, DAC0806)

o Fast settling time: tS0=c &p

® Noninverting digitai-iriputs-areTTL and CMOS compati-
ble

| High speed mulbplymg input slew rate: 8 mA/p.s

m Power supply voltage range: £4.5V to £18V

u Low .power consumption: 33 mW @+5V

Block and Connection Diagrams

Dual-In-Line Package
un e -
? ? T ‘f ‘?‘ :f. § :r‘ ac woTe % -] “; L courencation
ol | 1 -
cantor ComRTNT SmrcHes s Order Number § —’ T""‘""
TT I 11 T DAC0808, DAC0807, Vee] | —Vaeria
4 1
A2)La00ER I S CIRCWIT }—o ano or DAC0806 L b oacsess [—Vee
e T See NS Packago g3 At~ gl Sripw (L
Ynr O T Number J16A, o] v
P0 CURRENT =0 Ve M16A or N1GA )
SOURCE FAIR Ay ——tg 1L
Yags(-) O [ )
serentect |—O conren Pyl L
Vee TL/H/S687-1- TOP ViEw - TU/H/5687-2
Small-Outline Package A
. Yef! 164=123 LS8
4 Ver(#)2 15}=A7
Yaer ()43 14f=a8
COMPENSATION =14 13f=a5
w—s 12f=as
aN0—~{6 =43
V{7 —A2
s |-at use
. TL/H/5687-13
Top View
Ordering Information
ACCURACY OPERATING TEMPERATURE ORDER NUMBERS .
RANGE J PACKAGE (J16A)* N PACKAGE (N16A)* ]SO PACKAGE (M16A)
8-bit —55'C<TA< +125°C DACO808LJ |MC1508L8
8-bit 0°C<TAL +75C DAC0808L.CJ| MC1408L8 | DACOB0SLCN| MC1408FP8 DAC0808LCM
7-bit 0°C<Tas +75°C DACO0807L.CJ| MC1408L7 | DACOBO7LCN| MC1408P7 DAC0807LCM
6-bit 0°C<Ta< +75°C DAC0806LCJ{ MC1408L6 | DACOBOBLCN | MC1408P6 DAC0806LCM

*Note. Devices may be ordered by using either order number.




Absolute Maximum Ratings ot 1)
It Military/Aerospace specified devices are required,
contact the Natlonai Semiconductor Sales Office/
Distributors for avaitability and specifications.
Power Supply Voltage

Vee

Ves
Digital Input Voltage, V5-V12
Applied Output Voltage, Vo

+18Vpg
—18 Vpg

~10Vpcto +18 Vpe
=11 Vpgto +18 Vpe

Reference Current, 144 5 mA
Reference Ampltifier Inputs, V14, V15 Vee. Veg
Powgr Dissipation (Note 3) 1000 mwW
£8D Susceptibility (Note 4) 18D

Electrical Characteristics

(Voo = 5V, Vgg = —~15 Voc. VRer/R14 = 2 mA, DAC0808: Ta = —55'Cto +12

Storage Temperature Range
Lead Temp. (Soldering, 10 seconds)

Dual-In-Line Package (Plastic)
Dual-In-Line Package (Ceramic)

Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

Operating Ratings

Temperature Range

DACO0808L

DAC0808LC Series

= 0°C to +75°C, and all digital inputs at high logic level unless otherwise noted.)

—65°Cto +150°C

260°C
300°C

215°C
220°C

TMin < Ta £ Tuax
—55'C < Tp < +125°C
0<TA < +75C

5°C, DAC0808C, DAC0807C, DACO806C, T

Symbol Parameter Conditions Min Typ Max Units
Ef Relative Accuracy (Error Relative (Figure 4) %
| to Full Scalg Ig)
_ DACCB08L (L_M1508‘8). *0.13 %
DACO0808LC (LM1408-8)
DACO0807LC{LM1408-7), (Note 5) *0.39 %
DACO0806LC (LM1 408-6), (Note 5) +0.78 %
Settling Time to Within 14, LSB Ta=25°C (Note 6), 150 ns
(Includes tp ) (Figure 5)
teLH, tony | Propagation Delay Time Ta = 25°C, (Figure 5) . 30 100 ns
TClg Qutput Full Scale Current Drift +20 ppm/C
MSB Digital Input Logic Levels (Figure 3) = "
Vin “ High Level, Logic 1" p 2 Voo
Vi Low Level, Ldgic “0" 0.8 Vpe
Ms8 Digital input Current (Figure 3)
High Lavel Vig = 5V 0 0.040 mA
Low Level Vi = 0.8V —0.003 —-0.8 mA
l1s Reference Input Bias Current (Figure 3) -1 -3 pA
Qutput Current Range (Figure 3) i i -
Vgz = —5V 0 2.0 2.1 MA
, Vez= —15V,Ta=25C | 0 |,k 20 4.2 mA
lo Output Current VRer = 2.000V,
N R14 = 10000,
(Figure 3) 1.9 1.99 2.1 mA
Output Current, All Bits Low (Figure 3) 0 4 pA
Output Voltage Compliance {Note 2) Er £0.19%, Ty = 25°C
Veg=—5V.lpgr=1mA —0.55, +0.4 Vpc
Veg Below — 10V ~5.0, +0.4 Vpc




Electrical Characteristics (continuedq)
{Vcc = 5V, Vgg = ~15Vpg, VRgr/R14 = 2 mA, DAC0808: T4 = —55°Cto +125°C, DAC0808C, DAC0807C, DACOS06C, Ta
= 0°Cto +75°C, and all digtal inputs at high logic level unless otherwise noted.)

Symboaol Parameter Conditlons Min Typ Max Units
SRiger Reference Current Slew Rate |- (Figure 5) 4 8 mA/us
Qutput Current Power Supply ~5V < Vgg £ —16.5V 0.05 2.7 AV
Sensitivity
Power Supply Current (Al Bits (Figure 3)
Low)
'cc 23 22 mA
ez ~43 -13 mA
Power Supply Voltage Range Ta = 25°C, (Figure 3).
Vee 4.5 5.0 &5 Vpe
Vee —45 —15 —16.5 Vpe
Power Dissipation ’ - - r )
All Bits Low Voo = 5V, Vgg = —~5V 33 170 mw
Vee = 5V, Vgg = —15v 106 ‘305 mw
All Bits High Veo = 15V, Vgg ='—5V 90 | mw
Veg = 15V, Vee = —15V - |- - 160 mw

Note 1: Absotute Maximum Ratings incicate limits beyond which damage to the cevice may occur. DC and AC elecirical spécifications do not apply when aoperating
he cevice teyona its specred coeratng conditions.

Note 2; Range control is not required.

Note 3: The maximum power dissiation must be Gerated at-elevated temperaiures and s dictated by T yuax, 64, ana the amoient temperature, T4. The maximum
aliowable power gissiation at any temperature 15 Pp = (Typax ~ Ta)/834 o the number gwven in the Absolute Maxmum Raungs, whichaver is lower. For this
cevic, Tigax = 125°C, and the typicat junction-10-ambient tharmal resistance of the dual-in-ine J package when the board mounted is 100°C/W. For the Juat-in-
fine N package, this number increases to 175°C/W and for the small outtine M package this sumber is™100°C/W.

Note 4: Human body modet, 100 pF discharged through a 1.5 kN2 redistar, .

Note 5: Al current switches are tested to guarantes at least 50% of rated current,

Note 8: All bits switched. = . i

Note 7: Pin-out numbers for the DALOBOX represent the duaHn-ﬂng package. The small outline package pinout differs (rorp the dual-in-line package.

Typical Application

Vg sV
L .
5 P 50000
$3 41 O—rd 18800V - vagy
I} o—‘. I
. 7
2 a) O—'
2CITAL O~ pacom
INuTS 43 Ol
Ll
a0
sol
i
s ol
3
Veg o -1sv

TL/HIS687-3
FIGURE 1. + 10V Output Digital to Analog Converter (Note 7)




Typical Performance Characteristics

Vee = 5V, Veg =

L ~ LOGIC INPUT CURRENT {na)

tg -~ OUTPUT CURRENT (A}
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Logic Input Current vs
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25°C, unless otherwise noted

Bit Transfer Characteristics
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Unless otherwise specified: R14 =
R15 = 1 kN, C = 15 pF, pin 16 t0
Veg; RL = 5092, pin 4 to ground.
Curve A: Large Signal Bandwidth
Method of Figure 7, Vpge = 2 Vp-p
offset 1 V above ground,

Curve B: Small Signal Bandwidth
Method of Figure 7, R = 2501}, VReF
= 50 mVp-p offset 200 mV above
ground.

Curve C: Large and Small Signal
Bandwidth Method of Fi igure 9 {no op
amp, Ry = 501}), Rg = 509, Vrer =
2V, Vg = 100 mVp-p centered at OV.
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4 Nationai
Semiconducior

Voltage Regulators

LM723/LM723C Voltage Reguiator

General Description

The LM723/LM723C is a voltage regulator design-
ed orimarily for series regulator aoplications. By
itself, it will suoply output currents up to 150 mA,
but external transisiors can be added to provide
any desired load current. The circuit features ex-
tremely low stancby current drain, and provision
1s made for either linear or foldback current timit-
ing. Important characteristics are:

® 150 mA output current withoyt external pass
transistor

® Output currents in excess of 10A possible by
adding external transistors

8 {nput voltage 40V max
8 Quiput voitage adjustable from 2V to 37V

® Cun be used as either a linear oc a switching
regulator,

The LM723/LM723C is also useful in a wide range
of other applications such as a shunt regulator, a
current regulator or 3 temperature controller.

The .LM723C is identical to the LM723 except
that the LM723C has its q_efformance guarantecd
aver 2 0°C to 707C temperature range, mnstead of
-55°C to *125°C. -

Schematic and Connection Diagrams * :

Dual-In-Line Package
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Absolute Maximum Ratings

Puise Voltage from V° 10 V™ (50 ms) . 50V
Continuous Vottage from V° 1o V™ 40V
Inout-Output Voltage Differential 40V
Maximum Amplifier 1nput Voltage (Either input} 7.5v
Maxsimum Amptifier Input Voltage {Differential) sV
Current from V3 25 mA
Current from Vage 15 mA
Internal Power Dissipation Metal Can (Nate 1) 800 mw
Cavity DIP (Note 1) 900 mw

Matded DIP (Note 1} 660 mW

- Operaung Temoperature Range LM723 -35°C o +125°C
LM723C 0°C 1o +70°C

Storage Temperature Range Metal Can -65°C 10 +150°C
DiP -55°C to +125°C

Lead Temperature {Soldering, 10 sec} 300°C

Eiectrical Characteristicsnote 2

) LM723 . LMm723C
) PARAMETER CONDITIONS - UNITS
MIN TYP Max MIN |- TYP MAX
Line Regutavon Vin = 12V 10 Vyy # 35V o f oo 01 | o4 % Vour
- . -55°C < Ta < #125°C 0.3 % Vour
0°CLTa<+70°C 0.3 % Vour
Vin = 12V 10 Vi ~ 40V 02 0.2 0.1 0.5 % Vour
Load Regulation = 1mAtol =50mA .03 Q.15 - .03 0.2 % Vour
-55’C < Ta < +125°C i 0.6 %W gur
. 0°C<Ta<=+70°C - ) 06 %V our
Ripple Rejection “t=50Hz 10 10 kHz, Cage = 0 74 74 a3
) T | = 50 Hz 10 10 KMz, Cage = 5 uF 86 E 86 a8
Average Temperature ~55°C < Ta S +125°C 002|015 %/°C
Coetticient of Qutput Voltage o°c <Tag +70°C 003 015 ®/°C
Short Circuit Current Limit Rge = 100, Vour=0 65 65 mA
Reference Voltage 6.95 | 7.18 735 6.80 7.8 7.50 N
\ .
Output Noise Voltage 8W = 100 Hz t0 10kHz, Crge = O 20 20 - uVrms
8W = 100 Hr t0 10 kHz, Cagp = Suf 25 25 uVrms
Long Term Stabitity 0.1 0.1 %/1000 hrs
Standby Current Oran 1. =0, Vi = 30V 1.3 3.5 1.3 4.0 mA
Input Voltage Range .5 40 9.5 40 v
QOutput Voitage Range 2.0 37 2.0 37 v
tnput-Output Voltage Differential 30 38 3.0 38 \'

Note 1: See derating curves for maximum power rating above 25°C.

Note 2: Unless otherwise specified, Tp = 25°C] Vi = v' . Ve = 12V, VT = 0, VouT = 5V,
i, =1 mA, Rgc = 0, Cy = 100 pF, Crepr = O and divider impedance as seen by error amplifier
é 10 k(2 connected a5 shown in Figure 1, Line and toad regulauon specifications are given for the
condition of constant chip temperature. Temperature drifts must be taken into account separately
tor high dissipation conditions,

Note 3: Ljis 40 turns of No. 20 enameied copper wire wound on Ferroxcube P36/22-3B7 pot core
or equivalent with 0.003 in. air gap.

Note 4: Figures in parentheses may be used if R1/R2 divider is placed on oppasite input of error amp,
Note 5: Replace R1/R2 n figures with divider shown in Figure 13, -~
Note 6: V' must be connected 1o a +3V ar greater supply.

Note 7: For metai can applications where V 2z 15 required, an external 6.2 volt zener diode should be
connected in series with Vo T.

~




Maximum Power Ratings

LM723

Power Dissipation vs
Ambient Temperature

LM723C

Power Dissipation vs

Ambient Temperature
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TABLE | RESISTOR VALUES (k§2) FOR STANDARD QUTPUT VOLTAGE
POSITIVE APPLICABLE O‘l.::::‘l’ A:]t;;:‘;;'_s NEGATIVE APPLICABLE oi::::‘ :‘;3::: ::E
OUTPUT VOLTAGE | FIGURES 5% +10% (Nore 1 OUTPUT VOLTAGE | FIGURES % -10%
{Note d) A1 RZ | R1 | PV | R2 R1 Rz | R1 | P R2
«a0 1.5.6,9, 412 ) 300 1.8 | 05| 12 -100 e 357 | w02 22 10 9
12141
~36 1.5,6,9, 3.57 365 15 0.5 15 -250 .7 357 255 22 |10 240
12143 :
*5.0 1.5.6.9 2215 4.99 45 05 22 -G tNJte 6) 2,00 387 243} 1.2 0.5 75
1214y
6.0 L5,6,9. 115 603] 05 0.5 27 -9 30 348 536 12 as 20
12 14)
.90 2 3.15.6, 1871 28| 3s| 0] 22 .12 310 15/ | 845012 | as| 33
12,9
.12 2,434,158, 487 7181 2.0 1.0 30 =15 3,10 3.65 ns 12 2] 43
9,124 . L
-15 2.4.45,6, 787 7151 33 10 20 -24 3.0 357 233 12 05 10
9.12) i
-28 2,3 15,6, 210 7151 5.6 10 20 =35 8 3571 N2 22 {10 .33
8.12) -
~as 7 357 |87 i0 39 -100 | ] 3871 976 | 2.2 .| 10- 9
-75 7 357 | 7187 22 {10 &3 -750 8 357 {239 22 {10 240
TABLE Il FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES
Outputs trom +2'to +7 volts Qutputs from <4 10 +250 volts 9 N Current l:.ir'nmqq
[Figures 1,5, 8, 9,12, (41} (Figure 7] . Vsense
LT = TR
. R2 Vaee R2 - R1 sc
Vour ® iVaes X g7 TRTY Vour * 15— ¢ R 1.R3:=R4
Outputs trom +7 10 +37 volts Outputs from -6 16 -250 volts .Foldback Current Limiting
[Figures 2.9, (5, 6,9, 12)! {Figures 3,8, 10} . {Vouf R3  Vsense {R3 - RA) !
wnee * =T ==, Isense [Po T A
R1+R2 v R1-R2 Rse R4 Rsc R4
T Vour® (Vage* —mz— | Vom’l-—}‘i ¢ —g7—1.R3s R4 X -
' i o Veewse X R3+ R4 .
smonterr = [ Rs Aa !
. . . .
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Maticnal
Semiconductor

LF351 Wide Bandwidth JFET
Input Orerational Amplifier

General Description

The LF351 is a low cost high speed JFET input opera-
tional amplifier with an internaily trimmed input offset
voltage (BI-FET II™ technology). The device requires a
low supply current and yet maintains a large gain band-
width product and a fast slew rate. In addition, well
matched high voltage JFET input devices provide very
low input bias and offset currents. The LF351 is pin
compatible with the standard LM741 and uses the same
offset voltage adjustment circuitry. This feature allows
désigners to immediately upgrade the overall perfor-
“mance of existing LM741 designs.

The LF351 may be used in applications such as high
' speed integrators, fast D/IA converters, sample-and-hoid
["¢ircuits and many other circuits requiring low input
offset voltage, iow input bias current, high input imped-
ance, high slew rate and wide bandwidth. The device
“has low noise and offset voltage drift, but for applica-

Operational Amplifiers/Buifers

BI.FET 11T Technology

tions where these requirements are critical, the LF356 is
recommended. If maximum supply current is important,

however, the LF351 is the better choice.

Features

‘W Internally trimmed offset voltage 10mv
o Low input bias current 50pA
m Low input noise voltage 16nVIVHz
® Low input noise current 0.01pANVHzZ
8 Wide gain bandwidth 4MHz
m High slew rate - 13 Vius
® Low supply current 1.8mA
a High input impedance " 10129
W Lowtotal harmonic distortion Ay = 10, <0.02%

RI = 10k;"Vg = 20 Vp-p, BW = 20 Hz-20kHz

® Low 1/f noise corner S0Hz
u Fast settlingtime to 0.01% 2us

Typical Connection

Connection Diagrams (top Views)

Metal Can Package

NON-INVERTING
INPUT

Nate, Pin 4 connected to case.

Order Number LF351H
See NS Package HO8C

B¢ Vee O

INTERNALLY

Simplified Schematic

Vo

INTERNALLY
TRIMMED
TRIMMED

. =Vgg O < . g

Dual-In-Line Package

<L

i 11

1
BALANCE —d
2
” ;1>_L )
6
INPUT —J- pomme QUTPUT

]
= BALANCE

TP VIEW

Order Number LF3STN
See NS Package NOSA




Typical Performance Characteristics (continued)
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Typical Performance Characteristics
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Absolute Maximum ﬁaﬁngs

Supply Voltage *=18V
Power Dissipation (Note 1) 500mW
Operating Temperature Range 0°Cto +70°C
TiMAX) 115°C
Ditferential tnput Voltage +=30V
Input Voltage Range (Note 2) *>15V
Qutput Short Clrcuit Duration Continuous
Storage Temperature Range -65°Cto +150°C 1
Lead Temperature (Soldering, 10 seconds) 300°C
DC Electrical Characteristics (vote 3
“LF351
RAM R
SYMBOL PA ETE CONDITIONS MIN e MAX UNITS‘_
Vos Input Offset Voitage Rg = 10kQ, To =25°C 5 10 mv
N Ovér Temperature 13 mv
AVQS/AT | Average TC of tiput Offset Rg=10kQ 10 wi'c |
Voltage - o
los Input Offset Current Tj=25°C, (Notes 3, 4) 25 100 | PA. !
. T <70°C 4 nA |
B Input Bias Current Tj=25°C, (Notes 3, 4) 50 200 pA |
Tps 70°C 8 nA |
RiN Input Resistance Ti =25°C 1012 Q
Ayor Large Signal Voitage Gain Vg= =15V, T =25°C 25 100 -~ VimV
) - Vg = =10V, R =2kQ -t
. . Over Temperature 15 vimv }
Vo Output Voltage Swing Vg = #15V, R = 10kQ +12 +135 v ‘
Vem Input Common-Mode Voltage Vg = =15V 11 +15 v .
Range -12 v ]
CMRR Common-Mode Fejection Ratio | Rg < 10kQ 70 100 d8 l
PSRR Supply Voitage Rejection Ratio (Note 5) 70 100 d8 ;
]
Is Supply Current 18 3.4 mA |
' |
AC Electrical Characteristics.(Note 2) X
. |
LF351 s
SYMBOL PARAMETER CONDITIONS MIN e MAX - UNIT!
SR - Slew Rate Vg= =16V, T4 =25°C 13 Vips
GBW Gain Bandwidth Product Vg= =15V, To=25°C 4 . MHZ
en Equivalent Input Noise Voltage Ta=25°C, Rg =100Q, 16 nvIVHZ
f=1000Hz
in Equivalent Input Noise Current Tj=25C, t = 1000Hz 0.01 pAVHZ

-
Note 1. For operating at elevated temperature, the device must be derated based on a thermal resistance of 150 *C/W junction to ambien!
or 45°CIW junction to case.
Note 2 Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 3: Tnese specitications apply for Vg = =15V and 0°C € T € +70°C. Vos. Ig and ipg are measured at Vop =0.
Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction te™
perature, Tj. Due to the limited production test time, the input bias currents measured are correlated to junction temperature. in norm?
operation the junction temperature fises above the ambient temperature as a resuit of internal power dissipation, Pp. Tj=Tp +9jA Po
where 0ja is the thermal resistance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept 102
minimum,.
Note 5.: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing si(’nunaneously in accordancé )
«ith common practice. N

U

.




Mational
Semiconductor

LF353 Wide Bandwidth Dual

JFET Input Operational Amplifier

General Description

These devices are iow cost, high speed, dual JFET input
operational ampiifiers with an internally trimmed input
offset voltage (BI-FET lI™ technology). They require low
supply current yet maintain a large gain bandwidth
product and fast slew rate. In addition, well matched
high voltage JFET input devices provide very iow input
bias and offset currents. The LF353 is pin compatible
with the standard LM1558 allowing designers to
immediately upgrade the overall performance of existing
LM1558 and LM358 designs.

These amplifiers may be used in applications such as
high speed integrators, fast D/IA converters, sample and
hold circuits and many other circuits requiring low input
offset voitage, low input bias current, high input imped-
ance, high siew rate and wide bandwidth. The devices
also exhibit low noise and offset voltage drift.

Operational Amplifiers/Buffers

BI-FET 11" ™ Technology

Features

® internally trimmed offset voltage i0mv
m Low input bias current S50pA
® Low input noise voltage 16nVA/ Hz
2 Low input noise current 0.01pAIVHz
B Wide gain bandwidth 4MHz
8 High slew-rate 13Vius
B Low supply current 3.6mA
B High input impedance 10129
® | ow total harmonic distortion Ay = 10, <0.02%

Ry =10k, Vg =20Vp —p, BW.= 20 Hz-20kHz
Low V/fnoise corner
| Fast settling time to 0.01%

50Hz
2us

Typical Connection

Simplified Schematic

1/2 Dual
Vec O <

INTERNALLY

INTERMALLY TRIMMED

TRiMME O

-Vgg O—

Connection Diagrams

LF353H Metal Can Package (Top View)
. VT

NONINVERTING
NPUT §

NONINVERTING
INPUT A

Order Number LF353H
See NS Package H08C

LF353N Dual-in-Line Package (Top View)

t
QUTPUT A~

INVERTING IRPUT A -i.

nominverTing _J
T A

v

Order Number LF353IN
See NS Package N0OSA




Absolute Maximum Ratings

Supply Voltage +18V  Input Voltage Range (Note 2) *15V
1+ Power Dissipation (Note 1) 500mW  Qutput Short Circuit Duration Continuous
Operating Temperature Range 0°Cto +70°C  Storage Temperature Range -65°Cto +150°C
TiMAX) 115°C  Lead Temperature (Soldering, 10 seconds) 300°C

Differential input Volitage

DC Electrical Characteristics (Note 4)

=30V

LF353
S ARAMETER
YMBOL P ) CONDITI?NS ' MIN - UNITS
Vos input Offset Voltage Ag = 10kQ, To =25°C 5 ki:] mv
.. Over Temperature . 13 mV
8Vog/aT Average TC of Input Offset Rg = 10kQ 10 ' wvi°C
Voltage
log Input Offset Current Tj=25°C, (Notes 4. 5) 25 100 pA
! Tj< 70°C 4 nA
) Input Bias Current Tj=25°C, (Notes 4, 5) 50 200 pA
Ti < 70°C 8 nA
Ry tnput Resistance Tr=25°C 1012 - Q
f AvoL | Large Signal Vottage Gain T Vg= %15V, To=25°C 25 100 VimV
‘ Vo = =10V, R =2kQ
; -Qver Temperature 15 1 vimv
! Vo Output Voltage Swing Vg = =15V, R = 10kQ =12 =135 v
PV,
i CM Input Common-Mode Voitage Vo= =15V ~11 +15 i \
: Range SR - -12 v
i CMRR Common-Mode Rejection Ratio | Rg < 10kQ 70 100 a8
. PSRR Supply Voltage Rejection Ratio {Note 6) 70 100 dB
3
s S'upply Current 3.6 6.5~ - mA
AC Electrical Characteristics (ote 4) .
SYma LF353
oL PARAMETER CONDITIONS MIN e MAX . UNITS
Amplitier to Amplifier Coupling Ta=25°C, f=1Hz- -120 d8
20kHz (Input Referred)
SR Slew Rate Vg= =15V, T4 =25°C 13 Vips
GBw Gain Bandwidth Product " Vg= =15V, TA=25°C 4 MHz
en Equivalent input Noise Voltage Ta=25°C, Rg =1009, 16 nVIVHz
f = 1000Hz -
in Equivalent Input Noise Current T,- =25°C, f=1000Hz 0.01 pANVHZ
No!a

tor 1y
N

:" 3: The power dissipation limit. however, cannot be-exceeded.
'8 4: These specifications apply for Vg = =15V and 0°C < T4 < +70°C. Vog, Ig and Igg are measured at Vom =0.

t: For operating at elevated temperature, the device must be derated based on a thermal resistance of 160 *C/W junction to ambient
® N package, and 150 °C/W junction to ambient tor the H package.
%te 2: Uniess otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voitage.

PO ———

D:rl:‘ 5 The input bias clurren(s are |un_cl|on leakage currents V{hlcn approximately double tor every 10°C mc;rease n the junction tem-
aper Ure, Tj. Due to the limited proguction test time. the input bias currents measured are corretiated to ;Pncuon temperature. In normal
" e'iihon the junction temperature rises above the ambient temperature as a result of internal power dissipation, Pp. Tj=Ta +@ja Pp
"‘inlr:l?iA is the thermal rasistance from junction to ambtent. Use of a heat sink is recommended if input D1as current 15 1o be kept to a
Note .
it

~

6.1 Suppty volage rejection rato 15 measured for otN supoly Magnitudes increasing of decreasing simultaneously n accordance
femmon sracnse. '

’




Typical Performance Characteristics
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Typical Performance Characteristics (continuea)

Undistorted Output Voltage
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Nationali
Semiconductor

LM311 Voitage Comparator

General Description

The LM311 is a voltage comparator that has input
currents more than a hundred times lower than de-
vices like the LM306 or LM710C. It is aiso de-
signed to operate over a wider range of supply
voltages: from standard =15V op amp supplies
down to the singie 5V supply used for IC logic. its
output is.compatible with RTL, DTL and TTL as
well as MOS ctrcuits. Further it can drive lamps or
relays, switching volitages up to 40V at currents as
high as 50 mA.

Features - y

m QOperates from single 5V supply
= Maximum input current: 250 nA
s Maximum offset current: 50 nA

Voitage Comparators

a Ditferenuat input voltage range: =30V
= Power consumption: 135 mW at 215V

Both the inout and the output of the LM311 can
be :solated from system ground, and the duiput
can drive loads referred to ground, rhe positive.
supply or the negatve supply. Offset balanging
and strobe capability are provided and outputs can
be wire OR’ed. Although slower than the LM306
and LM710C (200 ns response time vs 40 ns) the
device is also much less prone to spurious _oscilla-
tions. The LM311 has the same pin configuration
as the LM306 and LM710C. See the "‘application
hints™ of<he LM311 for application help.
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Absolute Maximum Ratings

Total Supply Voltage (Vq,) 36V
Quitput to Negative Supply Voltage (V-4} 40V
Ground to Negative Supply Voltage (V) 3ov
Differential input Voltage £30V
Input Voltage {Note 1) 15V
Power Dissipation (Note 2) 500 mw
Qutput Short Circuit Duration 10 sec
Operating Temperature Range 0°C to 70?0
Storage Temperature Range -65"C to 150°C
Lead Temperature {soldering, 10 sec) 300°C
Voltage at Strobe Pin vt-sv
Electrical Characteristics note 3
PARAMETER CONDITIONS MIN TYP MAX UNITS
Inout Offset Yoltage {Note 4) T = 25°C, Rg < 50K 20 7.5 my
Input Offset Current {Note 4} Ta =25°CG" 6.0 50 nA
Input Bias Current T =25"C 100 250 nA
Voltage Gain T, =25°C 40 200 V/mV
‘Response Time (Nore'Sl' Ta =25"C - - 200 ns
Saturation Voltage 1 Vin <-10mV, 1547 = 50 mA 0.75 1.5 \4
N T =35°C
Strobe ON Current Ta = 25°C 3.0 mA
Outnut Leakage Current Vin 2 10mV, Vg1 = 35V 0.2 50 nA
. Ta =25°C. Istrone =3 mA
Input Offset Voltage iNote 4) Rg < 50k 10 mV
Input Cffset Current (Note 4) 70 . nA
tnput Bias Current 300 - nA
Input Voltage Range -14.5 13.8,-14.7 13% v
Saturation Volitage vt>asv,v-=0 0.23 0.4
Vin € =10mV, Iging <8 mA
Positive Supply Current Ta= 25°C 5.1 7.5 mA
Negative Supply Cutrrent Ta=25°C 4.1 5.0 mA

Note 1: This rating applies for =15V supplies, The positive input voltage limit is 30V above the negative supply. The negative
input voltage {imit is equal to the negative supply voltage or 30V below the positive supply, whichever is less.

Note 2: The maximum junction temperature of the LM311 is 110°C. For operating at elevated temperatures, devices in the TO-5
package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The thermal
resistance of the dual-in-line package is 100°C/W, junction to ambient.

Note 3: These specifications apply for Vg = 15V and the Ground pin at ground, and 0°Cc < Ta <-+70°C, unless otherwise
specified. The cffset voitage, offset current and biss current specifications apply for any supply voltage from a singla S5V supply
up to +15V supplies. :

Note 4: The offsat voltages and otfset currents given are the maximum values required to drive the output within a volt of either
suoply with 1 mA load. Thus, these parameters define an error band and take into account the worst-case effects of voltage gain
and input impedance.

Note §5: The response ume specified {see definitions} is for a 100 mV innut step with 5 mV overdrive.

Note 6: Do not short the strobe pin to ground: it should be current driven at 3 to S mA,




Typical Performance Characteristics
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Typical Performance Characteristics continued)
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Typical Applications continuea
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