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DC TO AC CONVERTER

ABSTRACT THIS PROJECT HAVE APPOINTMENT TO STUDY; HOW TO WORK OF

DC TO AC CONVERTER CIRCUIT. THAT I AND MY WORKING GROUP CAN TAKE

A LOT OF XNOWLEDGE. BECAUSE OF THIS PROJECT HAVE THE DEVELOPEMENT

TO ADJUST THE CIRCUIT IN THE LONGTIME. THAT IN THIS PROJECT CONSIST
OF LIMITED INPUT CORRENT CIRCUIT; TEMPERATURE SENSING CURCUTI; CONTROL
VOLTAGE CIRCUIT; GENERATING FREQUENCY CIRCUIT AND POWER CIRCUIT ETC.
IN CASE OF POWER OFF WE CAN USE THIS PROJECT WITH THE ELECTRICAL
INSTRUMENT IN THE TEMPORARY: AS THE SAME AS THE UPS INSTRUMENT WITH
COMPUTER.
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2.6 Single-phase bridge converter
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2.8 Constant-current source converter
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A | _
LINEAR\ : ! - TYPES LM124, LM224, LM224A,
INTEGRATED LM324, LM324A, LM2302
CIRCUTTS ; QUADRUPLE OPERATIONAL AMPLIFIERS

01990, SEPTEMBER 1975 - REVISED SEPTEMBER 1233

® Wide Range of Supply Voitages:

Single Supply . . .3V to 30 V D. J. OR N DUAL-IN-LINE PACKAGE,
T (LM2902...3Vto 26 V), . ’ OR W FLAT PACKAGE
or Dual Supplies (TOP VIEW)
o Low Supply Current Drain Independent of amee JOUT O+ WYs[Jour AMPL
Supply Voltage . . . 0.7 mA Typ 1 IN- [z 130IN- P
N+ 3 120N+
® Common-Mode Input Voitage Range
. . . veeds n{deno
Includes Ground Allowing Direct Sensing N+ (s ol N+
near Ground .. AMPL AMPL
o o . g2 § -0 oJn- ‘3
® Low Input Bias and Offset Parameters: outr (07 s jouT
Input Offseét Voltage . . . 3 mV Typ
A Vaersions . . . 2-mV Typ
Input Offset Current.. . . 2 nA'Typ
Input Bias Current . . . 20 nA Typ LM124
A Varsions . . . 15 nA Typ FH OR FK CHIP CARRIER PACKAGE
{TOP VIEW)
® Differential Input Voltage Range Equal to e
Maximum-Rated Supply Voltage ... 32 V = 8 8 =
(26 V for LM2902) g el ®) 4 \d
¢ Open-Loop Differential Voltage | AT
Amplification . . . 100 V/mV Typ: . % Iehe wwdra e
® Internal Frequency Compensation ' NC |5 17[|NC
vee 6 16 (|GND
description Ncl7 15(INC

42 IN+ |8 14(]#3 IN+

These devicas consist of four independent, high-gain

fl'eqllent:\/-compensated operational amplifiers that

were designed specifically to operate from a single | *5 Q S |
supply over a wide range of voltages. Operation from 25%38z2
split supplies is also possible so long as the differenca S 72

between the two supplies is 3 volts to 30 voits (for
the LM2902, 3 volts to 26 volts), and Pin 4 is at least \1G—%p intarnal conggusian
1.5 vaits more positive than the input common-mode

voltage. The low supply current drain is independent

of the magnitude of the supply voltage.

[72]
b
o
&
=
=
<
®
c
o
-
©
S
@
o
o

— . symbol (each amplifier)
Applications include transducer amplifiers, d-c

amplification blocks, and all the conventional

°pe,rati°“a| amplifier circuits that now can be more INVERTING

;""Y implemented in single-supply-voltage systems. INPUT IN- OUTPUT _
Or example, the LM 124 can be opefated diféctly off — NONINVERTING __ - "] - T -

of the standard five-voit supply that is used in digital NPUTINS= =

SYstems and will easily provide the required interface

L]l i : - e
8Ctronics without requiring additional =+ 15-volt
Supplies. -

:;IQR:M1 24 is characterized for operation over the full
LMZS’(;’;‘-:mperature range of —55°C to 125°C. The
o 8550 Is characterized for operation from —40°C
850c - the LM224 and LM224A from —25°C to
70 °C' and the LM324 and LM324A from 0°C to B

S
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TYPES LM124, LM224, LM224A,
LM324, LM324A, LM2902
QUADRUPLE OPERATIONAL AMPLIFIERS

schematic (each ampilifier)

[ ) S A ves
~E-uA ~6-uA ~100-uA
, CURRENT CURRENT CURRENT
’ REGULATOR REGULATOR REGULATOR

-OQUTPUT
INVERTING

INPUT

[l NONINVERTING ~50-uA
‘ INPUT > CURRENT
Tl e REGULATOR
. O GND
-g TO OTHER
- AMPLIFIERS
o
=, N
o . . ) (o !
= absolute maximum ratings over operating free-air temperature range {unless otherwise noted)
o
— LM124
: p~ LM224, LM224A, LM2802 UNIT
'3 LM324, LM324A
o Supply voitage, Ve (see Note 1) Yn; 32 26 \%
— Differential voltage {see Note 2} +32 +26 \4
o Input voltage range (either input) ~0.3 10 32 ~0.310 26 Y
a Duration of output short-circuit {one amplifier) to ground at (or below) . .
; . . unlimited unlimited
25°C free-air temperature (Voo = 15 V) (see Note 3)
‘ Continuous tota! dissipation at {(or below) . D or J package 900 900 W
: m
g 25 °C free-air temperature (see Note 4} N package 878 875
3 . LM124 -53 10 125
- ) P LM224, LM224A - 25 to 85
Operating free-air temperature range °C
! ' LM324, L'M324A 0to 7C
; R : LM2902 1 . -40 10 85
i. Storage temperature range : -65 10 180 -65 to 150 °C
: f ] ] FH, FK, J
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 300 300 °C
\ or W package
Lead temperature 1,6 mm (1/16 inch) from case tor 10 seconds D or N packagel 260 - 260 °C
NOTES: 1. All volmga values, except differential voltages snd Vo specified for the measurement of Igg. are with respect to the network ground terminal.
r lefere?tial voltages are gt the noninverting inpu? terminal with respect to the inverting input terminal. -
3 3. Short crrcults from outputs to Vg can cause excessive-heating and eventusl destruction. -
‘ 4. For operauon sbove 25 °C free-air temperature, refer 1o dissipation Derating Curves. Section 2. In the J package, LM 124 chips are alloy-mounted;
: 4 LM224) LM324, and LM2902 chips are glass-mounted.
1
i .
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LM324, LM324A, LM2302

TYPES LM124, LM224, LM224A,
QUADRUPLE OPERATIONAL AMPLIFIERS
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LINCAR TYPES TLC251, TLC251

INTEGRATED PROGRAMMABLE LOW-POW
CIRCUITS

A, TLC251B, TLC271, TLC271A, TLC271B
ER LinCMOS™ OPERATIONAL AMPLIFIERS

D2751, JuLY 1983-RevISED NOVEMBER 1983

® Wide Range of Supply Voltages:

D, JG, OR P DUAL-IN-LINE PACKAGE
1V 1t0.16 V (TLC251C)

(TOP VIEW)

3 \\; to }g \\; gtgg:ﬁn TLe2710 OFFSET N1 [ U 81 B1AS SELECT

4Vito IN- 2 7Jvpp

True Single Supply Operation IN+ 3 6[Jout '

Common-Mode Input Voltage Range Includes GND[]s _s[JofrseTn2’ -

the Negative Rail

FH OR FK PACKAGE

® Low Noise ... 30 nV/yFzZ Typ at 1 kHz {TOP ViEW)

{High Bias) . . .

description - -t T

The TLC251 ard TLC271 series are low-cost, jow-
power programmable operational amplifiers designed
1o operate with single or dual supplies. Uniike
traditional metal-gate CMOS op amps, these devices
utilize Texas Instruments silicon-gate LinCMOSTM
process, giving thém stable input offset voltages
without sacrificing the advantages of metal-gate
CMQS. This series of parts is available in selected
grades of input offset voltage and can be nulled with
one external potentiometer. Because the input

= —
common-mode range extends to the negative rail and VD LUNU
the power consumption is extremely low, this family Z (2_., = E z
is ideally suited for battery-powered or energy- bt
N conserving applications. A bias-select pin can be used b
to program one of three ac performance and power- o

dissipation levels to suit the application. The TLC251
offers the same operation sd the TLC271, but also
features guaranteed operation downtoa 1V supﬁly. symbol
Both devices are stable at unity gain. i

NC - No internal connection

n
E
2
a
£
<
®
£
o
-
@
t )
@
=1
o

TThe long-term dnt: vaiye apphies after the first month.

ADVANCE INFORMATION

This document commns Mormaton on & new product. T
Specifications are swDleCt 10 changs without notice,

EXAS .
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Copynght & 1983 by Texas Inszruments Incorporated
1

(‘ BIAS SELECT
. t
TEMPERATURE RANGES AND PACKAGES : NONINVERTING )
SERIES TEMPERATURE RANGE PACKAGES INPUT IN+ OuUTPUT
TLC251..C Types 0°C to 70¢ JG. P, D INVERTING—] &
TLC271_C Types 0°C 10 70°C JG.P. D INPUT IN—
TLC271_1 Types ~40°C 10 85¢C JG.P.D OFFSET N1
TLC271 _ M Types -55°C 10 125°C JG, FH, FK OFFSET N2
DEVICE FEATURES - ,
PARAMETER LOW BIAS MEDIUM BIAS -HIGH BIAS i
Supply current (Typl .. . 10pA T "~ 150 A 1000 uA . i
Slew rate (Typ) : 0.08 Vigs 0.6 Vius 4.5 Vigs i
Input offset voltage (Max] . i
. Stanagard types 1 10mv 10 mv 10 mvV i
-+ . Asutfix types 5 mv 5mv 5 my X
. . . B-suffix types 2 mv 2 mv 2 mV i
Otfset voitage drift (Typ! 0.1 xVimonth?! 0.1 uVimomh? | 0.1 uVimornT® |
Offset voitage lemperature coefficient {Typ) 0.7 uV/°C 2 uVv/°C 5 uvseC |
Input bias current {(Typ) - o 1 pA 1 pA - 1pA E
Input ofiset current (Typ) 1 pA 1 pA 1 pA |
1
)
1
1
I

o -1



TYPES TLC251, TLC251A, TLC251B, TLC271, TLCZ271A, TLCZ2718B
PROGRAMMABLE LOW-POWER LinCMOS™ AMPLIFIERS

|
deszription (continued)
. These devices have internal electrost.atic discharge (ESD) protection circuits that will prevent catastrophic failums
at voltages up to 2000 volts as tested under MIL-STD-8838, Method 3015.1. However,‘ care should be exercisgq
in handling these devices as exposure to ESD may result in 8 degradation of the device parametric performance

Because of the extremely high input imoedance and low input bias and offset currents, applications for the TLC2s

and TLC271 series include many areas that have previously been limited to BIFET and NFET product types. Any Circyiy

using high-impedance elements and reguiring ;mall offset errors is a good candiaate for cost-effective use of thess

devices. Many featurss associated with bipolar technology are available with LinCMOS operational amplifiers Withoy,
T the power penaities of traditional bipolar devices. General applications such as t.ransducer interfacing,'-analogcalculan’on;',
amplifier blocks, activé filters, and signal buffering are all easily designed with tfié TLC27 1. Remote and inaccessip,
equipment applic;tions are possible using the low-voltage and low-power capabilities of the TLC251. In addition, by
driving the bias-select input with a logic signal from a microprocessor, these operational amplifiers can have softwar,.
controlled performance and power consumption. The TLC251 is well suited to solve the difficult problems asS0ciateg
with single-battery and solar-cell-powered applications.

M schematic
(@) Vpo > » ] .
.8 : CURRENT ESO BIAS
_________ P — PROTECTIVE t—
\~ b
B ) | 7, CONTROL NETWORK | * SELECT
(g
-
)
g ESD
|- IN+ PROTECTIVE
™ NETWORK
5 L -
.7 = IN— PROTECTIVE eS|
= NETWORK Y
2 > OUTPUT
/7]
—— ey
4 L5
OFFSET N1
> ~
3 A
OFFSET N2 — . )
GND i

. TExas -
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC2718B
PROGRAMMABLE LOW-POWER LinCMOS™ AMPLIFIERS

absolute maximum ratings over operating free-air temperature {uniess otherwise noted)

Supply voltagse, Vpp (see Note 1)

...................................................... 18V
Differential input voltage (888 NOtE 2) . . ... . it ittt it it ittt et eanas =18V
Input voltage range (BNY INPUL) . .. vt vttt ittt it ettt ian e e T -0.3Vto18V
Duration of short-circuit at (or below) 25°C free-air temperature (see Note 3) ... .........cvvv.nn unlimited
Continuous tota! dissipation at {or below) 25°C free-air temperature (see Note 4}:
| - T 3. ¥« - 725 mW
FH package (888 NOte B) . ... ittt i i i i i i i i i e 1200 mW
FK package (s NOte B) . .o vttt iin i ittt ittt it sttt tna st anann 1376 mwW
JG PAOKAGE o it it et e e e e e e e 1050 mwW
- e P packege-. ..t i e i T T S N 725 mw
Operatmg free-alr temperature range: TLC271M, TLC271AM, TLC271BM ........... ... T~55°C f67125°C
TLC2711, TLC271AlL, TLC271Bl ... oo i i e i ie e ~40°C t0 85°C
_ TLC251C, TLC251AC, TLC2518BC, -
i TLC271C, TLC271AC, TLC271BC .« v v v v e i e e s 0°C to 70°C
StOrage teMpPerature FBNGE « .o v v v v v vt ve i vnens ot 1S S —65°C to 150°C
Lead temperature 1,6 mm {1/16) inch from the case for 60 seconds: JG package ................ 300°C

Lead Temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package

................

Bt

POST OF#iCE BOX 225012 ® DALLAS, TEXAS 75288

NOTES: 1. All voltage veiuses, except differential voitages, are with respect to network ground terminal.
2. Ditferentisl voitages are at the noninverting input terminal, with respect to the Inverting input terminal. [72]
.3. The output mey be shortad to elther supply. Tempersture and/or supply voltages must be limited to ensure the maximum dissipation rating is a-)
not exceeded. o=
4, For opsration sbove 25 °C free-eir temperaturs. refer to Dissipation Dersting Tabis below. . Howd
5. For FH and FK packages, power rating and rerating factor will vary with actusl mounting technique usec. The vaiues stated hare are balieved ok
t0 be conservative. E
DISSIPATION DERATING TABLE < -
POW ERATIN —
PACKAGE OWER D TING ABOVE ol
RATING FACTOR Ta -
D 725 mW 5.8 mwi/°C %y '..9.4
FH 1200 mW 9.6 mw/eC 25°C ©
FK 1375 mW 1.0 mW/°C  25°C o
JG 1050 mW 8.4 mWi°eC 25°C o
¢ P 725 mW 5.8 mW/°C 25°C )]
recommended operating condltions .
TLC251 TLC271
TLC251A TLC271A
- TLC2518 TLC2718B UNIY
MIN NOM MAX MIN  NOM MAX
: M-suffix types T4 16
Supply voltage, Vpp ' l-sutfix types 3 16 v
| C-sutfix types 1 16 3 16
|
i Vop = 1V o] 0.2
i . v =4V [0}
i Common-mode input voltage, Vic : 0o 3 9 3 \%
! Vpp = 10V -0.05 §|-0.05 S
| Vpp = 16V -0.05 14 |-0.05 14
c| M-sutfix types -55 125
f-sutfix types -~ 40 85
Operating free-air temperature, T . oC
L[ Preratne ? A C-suffix types .- 0 - 70 o 70
1 Bias Select pin voltage See apolication notes
1
1
! - .
| !
; ; TEXAS 3.167
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B
PROGRAMMABLE LOW-POWER LinCMOS™ AMPLIFIERS

T
electrical characteristics at specified free-air temperature, Vpp 10 V (unless otherwise noted)
' TLC261_C, [
PARAMETER TEST CONDITIONS® BIAS TLC271_M TLC271 1 TLC271_C
) MIN TYP MAX MIN TYP MAX MIN TYP  MAX
TLC25 1 25°C Any 10 10 10 |
TLC271— Full range 12 13 12
Input S eoETA_| Vo = 1.4V, 25°C 5 5 5
Vio  offset |neo091a_| R = 500 Folrange| ™ 6.5 7 65|
voltege e ros1e. 25°C . 2. 2 3
TLC271B_ Full range 3 3.5 3
) Average tempersturé | - Low 0.7 0.7 0.7 i)
aylp  coefficient of input Full range [ Medium 2 - 2 T2
oftset voltage High 5 5 5
Vic =5V, 25°C 1 1 E B
o input offset current Vo = 5V Foll range Any 15000 200 00 ]
vVic=5V, 25°C 1 1 1 I
hg Input bias current Vo = 5V Full range Any 35000 300 150
. ~0.2 ~-0.2 -0.2 B
VicR Common-mode input 259 Any 1o ‘o ©
voltage range s a o
Peak output 25°C 8 8.6 8 8.6 -] 8.6
VoM voltage range? Vip = 100 mv Fuli range Agy 7.8 7.8 7.8 B
Low 30 500 30 500 30 500 I
Large-signal 25°C Medium 20 280 20 280 20 280
differentiat Vo=1t6V, High 10 40 10 40 10 40
AVD onage Rg = 50 Low 20 20 25 )
amplification Full range Medium 10 10 15
High 7 7 7.5
cmap  Sommon-mode ol i 25°C -Any 70 88 70 B8 70 88
rejection ratio Vic = Vicp min
Supply voltége VDD = 5 10 10 V,' Low. 70 88 70 88 70 88
kgyR  rejection ratio Vo = 1.4V [ 25°C Medium 70 88 70 88 70 88
13 Veela Vip) High 65 82 65 82 65 82
, M i 01'00 ! -5 £ -55
los Short-circurt D = m 250¢ A
' _output current Vo = Vop. ks £ 5
VID = - 100 mV
High-level input i i
IIH{SEL) current to bias ViSEL) = OV 25°C High 10.5 10.5 10.%
select - .
. Low-level input
hLiseL) current to bias Vysey = 10V 25 @ Low 1.3 1.3 1.3
select
Low 10 20 10 20 10 20
No load. 25°C Medium 150 300 150 300 150 300
oo ' Supply current Vo = 5V High 1000 2000 1000 2000 1000 2000
. R ) 2 Low 40 40 30
Vic =5V Fult range | Medwm 500 500 400
! Hign 3000 2500 2200

TAll characteristics are measured under open-loop canditions with zero common-mode input voltage uniess otherwise specified. Full range for Tais -
to 125°C for TLC2_M, —40°C 10 85°C for TLCZ_J. and 0°C 1o 70°C for TLC2_C. Unless otherwise noted, an output load resistor is connected
_the output to ground and has the following vaiues: for low bias R = 1 M@, for medlum bias Ry = 100 k... and for migh bias R = 10 kQ.

The outpux will swing to the potential of the grou=c pin.
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TYPES TLC251, TLC251A, TLC251B
PROGRAMMABLE LOW-POWER LinCMOS™ AMPLIFIERS

electrical characteristics at specified free-air temperature, Vpp = 1V

. TLC251_C
RAMETER TEST CONDITIONS? BIAS — NI
PA MIN TYP MAX UNIT
25°C : 10
TLC251C A
. [0°cw 70°C v 12
Input offset Vo = 0.2V, 25°C 5
v TLC251AC Al Y
O Joitage Rg = 50 0 0°C t0 70°C ny 65 |
25°C 2
TLC251BC A
0°C 10 70°C i 3
Average Temperature . .
VIO Coetricient of Input - 0°Cto70°C —f Any=[~ =" ~=-1 = || T
.- Offset-Voltage - - = - - T X
'- 25°C 1
| Input offset current v 0.2v A .
10 npu sete r.re 0= 0°C t0 70°C n 100 PA
25°C 1
[T} " Input bias current Vo=0.2V o°cwv0% Any 50 pA
[¢]
C -mode input y
Vicr omman-made Inp 25°C Any 10 v
voltage range
0.2
Peak output voltage
Vv Vip = 100 mV © A 450
oM swing? ID m 25°C ny 5 mvV
-signal diff tial Vo = 100 :0 300 mv, : L (v}
Avp Large-signa 1 er‘en ia o) <] m 25°C - t.aw 2 VimV
voltage amplification Rg = 50 ¢ i High 10
Common-mode oL v
MMon-m
CMRg ~ ~ommonmo Vo = 0.2V, 25°C Any 77 s
rejection ratio -4
Vic = Vi¢ min \ ;
Vo = 0.2V, Low 2
[ I t 25°C A
DD Supply Gufren No load High 12 #

TAll characteristics are measured under open-loop conditions with zero comman-mode Input voltage unless otherwise soecified, Unless otherwise noted, an
outout load resistor is connected from the output to grouns and has the foliowing values: for low bias RL = 1 M. for medium bias R, = 100 k2, and
for high bias Ry = 10 kQl.

2The output will swing to the potential of the ground pin,

w
)
)
2
=
=
<
E +
c
o
=
©
b
Q
Q
o

operating characteristics, Vpp = 1 V, Ta = 25°C

1 nes

TLC251_C
PARAMETER TEST CONDITIONS BIAS .‘ UNIT
1 MIN TYP MAX
L i 12
By Unity-gain bandwidth Cy = 10 pF H‘:;’:‘ | - KMz
Low 0.001
SR Si te at unit i fg 1 v/,
) o e ot umity gein See Fgure High ! 0.01 e
L CR
Overshoot factor See F qure 1 ow ! 35%
- High | 30%
T 3-169
INSTRUMENTS
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B
PROGRAMMABLE LOW-POWER LinCMOS™ AMPLIFIERS

operating characteristics, Vpp = 10 V, Tp = 25°C S
& TLC2
PARAMETER TEST CONDITIONS BIAS c2_Mm TLe2. TC2_c
MIN  TYP MAX | MIN TYP MAX anm ™
— Ay = <0 g8, Low 0.1 0.1 X '
81 :mt:'g_:": CL = 10 oF, Mediom 0.7 0.7 o,\«,r\
andwi " Rg = 500 High 23 2.3 T 23—V
Low 0.04 0.04 Wl\
SR Sle.w rat'e at See Figure 1 Medium 0.6 0.8 ' 0.6 l
unity gain High 4.5 4.5 a5 v
. _ ] tow N 30% | 30% — . 30% e
I fo"e's"“‘ See Figure 1 Medium 35% 35% w!
actor High . 35% 35% W{
, Ay = 20 gt Low 23° 43° 230
Ph
om a:‘ma;?: Rg = 1000, | Medium - a3° a3° 43¢ ™
tunity 9 cl = pf High 50° 50° 50°
, Tow 70 70 T
i {f = 1 kHz,
v, - eq.nvalem input z e a7 28 8 38\"' '
noise voltage Rg = 100 - nyg,
High 30 30 30
—
rd
@) \
S PARAMETER MEASUREMENT INFORMATION
D
-
o
:‘
@] i
poo
D
= OUTPUT
. B ineut gy | 4 N2
. : )
o Ci = 100 pF RL
»
BIAS | RL
Low 1MQ ) i
- MEDIUM 100 k2 = - ’
. . HIGH 10 kQ . GND
; FIGURE 1—UNITY-GAIN' AMPLIFIER FIGURE' 2_INPUT OFFSET VOLTAGE NULL CIRCUIT
. i ’
i
i
i
1
i
|
l N
- .l - - -
1
1
1
i )
L]
i
. __
!
3-170 . 3 T
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B
PROGRAMMABLE LOW-POWER LinCMOS™ AMPLIFIERS

TYPICAL CHARACTERISTICS

SUPPLY CURRENT SUPPLY CURRENT
vs vs
- BIAS SELECT PIN VOLTAGE SUPPLY VOLTAGE - —
N .7 - T 10,000 -
! Vo =V|c=0.2Vpp Vo=Vic=0.2Vpo
i No load . No load .
= Ta=25"C Ta=25C High Bias
. < 1000 See Note 6 |
. 7 T |
—_— - = /
d B Vop =16V ] A' Medium Bias
: i E N NS S, e
% 90; Vpp =4V 3,100 H=> e
-— ’I
! Vop=1V § ,'l'
. (TL?:251 ? i Low Bias
: “ oniy) L 8 % Y
Fl = T ”/—'
. ) >
1 — 1
0.1 1 10 100 0 2 4 6 8 10 12 14 16 18 20
-Vg—Bias Select Pin Voltage—V Vpp—Supply Voitage—V
NOTE 6: Data for Vpp less than 4 V applies only for TLC251, TLC251A.
and TLC2518.
FIGURE 3 FIGURE 4
LOW BI1AS

LARGE-SIGNAL
B DIFFERENTIAL VOLTAGE AMPLIFICATION
SUPPLY CURRENT N and PHASE SHIFT

»n
e
o
=
a
£
<
®
c
S
E=
=
Ty
@
<
@)

Vs g Vs
S FREE-AIR TEMPERATURE - FREQUENCY
] 107 ;
Vpp =10V Vpp =10V
‘\’/IC’;’\‘: § 106 RL=1MQ 4 0°
o= a Ta=25C
4 High Bia 29 < A
 wog = Hih Bias Nolosd | £ 105 DA . 20°
= \ %’Oe ¥
i 104 ) 60" .
: 'mé\\ Medium Bias % \\ K ’ E
P S : — S 103 : 90 ¢
T | > 10 Phase Shift \ N g
- . N 4 a3 - i
: R IS Ry e Hp £ " jp| - lrioht scale) B N L
: g —
T i . . =
H lo*\.\ Low Bias % 101 \ 150°
g
g 1 180°
<
10\ o
10 20 30 40 50 60 70 80 0.1 1 10 100 1k 10k 100k
Ta~Free-Air Temperature—"C . Frequency—Hz
FIGURE 5 ’ FIGURE 6
\
TeEXAS 3-171
INSTRUMENTS

POST OFFICE 80X 225012 @ DALLAS. TEXAS 75265



TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B
PROGRAMMABLE LOW-POWER LinCMOS™ AMPLIFIERS

o
ke
1]
=
o
o
]
-
e
>
3
2
=
1)
L §
2/

Avyp-—Differential Voltage Amplification

TYPICAL CHARACTERISTICS

MEDIUM BIAS
LARGE-SIGNAL

DIFFERENTIAL VOLTAGE AMPLIFICATION

and PHASE SHIFT
Vs

FREQUENCY
107 T
Vpp=10V
106 RL =100kQ 0°
TONT T Ta=25°C
105 30°
104 %9/

W2
103 '

o2 80°
[ Phase Shift \\ \R
| (right scale)

Phase Shift

102 ! \\ \ 120°
101 j < 150°
:
i \
1 i ( < 180°
0.1 ’
1 10 100 1k 10k 100k 1M
Frequency—-Hz
FIGURE 7
‘ HIGH BIAS
; LARGE-SIGNAL
"DIFFERENTIAL VOLTAGE AMPLIFICATION
! and PHASE SHIFT
Vs
FREQUENCY -
107 T
Vpp=10V
106 RL=10kQ ] 0°
Ta=25°C

105'\

=

3-172

[
8
£
&
s 104 60°
g ] ' \ ) L . £ ;
S : . N, Phase Shift {right scale} = i
' S 103 e B
S 103 < —Jg0° & ¥
g N g
£ 102 O, AN 120° = :
2 \/e, ‘ \ 1
f:v : '\""c _
g 101 ey 150° *.‘
a N 'I
z T ™ 1800 :
< ) ;
0.1 ':
0 100 1k 10k 100k 1M 10M ;
, Frequency—Hz |
i FIGURE 8 '
TEXAS ;
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC2718B
, PROGRAMMABLE LOW-POWER LinCMOS™ AMPLIFIERS

TYPICAL APPLICATION INFORMATION

Iatchup"avoidance

Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. Under certain
conditions. this SCR may be triggered into a low-impedance state, resulting in excessive supply current. To avoid such
conditions, no voltage greater than 0.3 V beyond the supply rails should be applied to any pin. In general, the op amp supplies
should be applied simultaneously with, or before. application of any input signals. .

using the bias select pin

The TLC251 and TLC271 have a bias select pin that aliows the selection of one of three Ipp conditions (10, 150, and
1 _ . __ 1000 pA typicall, This aliows the_user to trade-off power and ac performance. As shown, in the typical supply current (ipD!
- - versus-supply voltage{VpD) curves (Figure 4}, the Ipp veries only slightly from 4 t0 16 V. Below 4 V, the Ipp varies more
significantly. Note that the Ipp values in the medium and low-bias modes at Vpp = 1V are typically 2 pA,.and in the
high mode are typically 12uA., The following table shows the recommended bias select pin connections at Vpp = 10oVv:

RECOMMENDED BIAS SELECT PIN USE AT Vpp = 10V

BIAS SELECT
BIAS MODE AC PERFORMANCE CONNECTION? TYPICAL 'DDQ
Low Low Voo 10 A
Medium Medium 0.8Viw9.2V 150 pA
High High Ground pin 1000 gA

TTne Bias Select pin may also be controlled by externa! circudry to conserve power, etc. For information regarding tne bias select pin, see Figure 3 in the
tvaical characteristics curves.

§For Ipp characteristics et voltages other than 10 V, see Figure 4 in the tyoical characteristics cutves.
output stage considerations

The amplifier’s output stage consists of a source-follower-connected pullup transistor and an cpen-drain pulldown transistor.
The high-level output voltage (VoH! is virtually independent of the Ipp selection, and increases with higher values of Vpp
and reduced output loading. The low-level output voltage {VQ|) decreases with reduced ouiput current and higher input
common-mode voltage. With no load, VoL is essentially equal to the GND pin potential.

i
Input offset nulling 1

[}

n
i
)
=
=
£
<
©
e
o}
=
©
-
)]
jo!
o

Be:h the TLC251 and TLCf271 offer external offset null control. Nulling may be achieved by acjusting a8 25-kQ potentiometer
cennected between the offset null terminals with the wiper connected to the device GND sin as shown in Figure 2. The
amount of nulling range varies with the bias selection. At Ipp settings of 150 and 1000 xA (medium and high bias), the

nutiing range will allow the maximum offset specified to be trimmed to zero. In low bias or wnen the TLC251 is used below
4 vV, total nulling may not be possibie on all units.

supply configurations . ’ ..

Even though the TLC281-and TLC271 ere characterized for single-supply operation, they ces; be used effectively in a split-

susply configuration when the input common-maode voltage (VICR). output swing (VoL and VpH), and supply voltage limits

are not exceeded. - : T . -

- . - '

circult layout precautions |
. i

+ .
Tne user is cautioned that whenever extremely high circuit impedances are used, care must be exercised in layout, construction,
3 beard cleaniiness, and supply filtering to aveid hum and noise pickup, as well as excessivé dc leskages.

TEXAS )
INSTRUMENTS 3173
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CMOS 14-STAGE BINARY
\ COUNTER AND OSCILLATOR

SCL4060AB

FEATURES . N
4 14 Fully Static Stages CONNECTION DIAGRAM

4 10 Buffered Qutputs Available . {all packages)

4 Common Reset Line ) .

4 8MHz Counting Rate @ 10Vdc _ '

4 All Active Oscillator Components on Chip for I | | | l |
-CorCrystal ControL. . ... . . o e 1
B-C or Crystal Gontro®-- 6 15 14 13 1z 11 10

VppQlo as a8 R ¢ @ ¢
]
9

RV PR R .y —_

. SCL4060AB
DESCRIPTION - : -
. . - 1 2 3 4 5 6 7 8
The SCL4060AB consists of an oscillator section T T T 1 T T T
and 14 ripplecarry binary counter stages. The Q12 Q13Q14 Q6 Q5 Q7 Q4 Vgg

oscillator configuration allows design of either R-C
or crystal .oscillator circuits. A Reset. input is R .
provided which resets the. counter to the all-O's Add suffix for package:

state. A high leve! on the Reset line accomplishes C 16-pin Cerdip
the reset function. The state of the counter is ad- D 16-pin Ceramic

R vanced one step in binary order on the negative E 16-pin Epoxy
transition of the Clock input ¢ All inputs and out- F 16-pin Flat
puts are fully buffered. Outputs are available from H Chip

! stages 4 through 10 and 12 through 14.
) Applications include timers, frequency dividers,
delay circuits and counter controls.

- RECOMMENDED OPERATING CONDITIONS
TRUTH TABLE For maximum reliability: ’

CLOCK | RESET OUTPUT STATE : DC Supply Voltage Vpp-Vgs 3to15 Vde
e g . M’::’"f::’:m Operating Temperature  Tp
N - state C, D, F, H Device -55 to +125 ©oC

X 3 All Gutputs sre low ' E Device “40to +85 o©C.

X = Don’t Care \

i

LOGIC DIAGRAM

{14} 1(’ rl r' rmIﬂs‘ (]
- ) ¢
ai j . 6, 45. '1' if —=,




\ .
ELECTRICAL CHARACTERISTICS - - -
STATIC CHARACTERISTICS'

’

2 @
PARAMETER VDo-i cONDITIONS | Ttow - 1€ Trigk” | ynits
- (vde} . Min. | Max.| Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE . ool 5 |Vin=VesorVoo| - 5] - |o0os| s | -] 150 [pAde
_CURRENT 16 |Aivatidinput | - | 10| = {01 | 10} -~ 300
15 |combinations - 15 - |02 20 — 600
OUTPUT HIGH (SOURCE) lon .
CURRENT V
C. 0. F, H device 5 |Vor=4.6V -0.15 ~'1-0.12]-05 - {-008 | ‘'~ |[mAdc
10 {Vou=9.5V -0.37 -]-03 {-1.15 - |-0.21 -
18 {Vgou=13.5V -1.25 —-1-1.0 |45 - |-0.69 -
) V|N ilVSS or VDD 4 .
E device 5 |Vou=4.6V -0.14| —1-5.12|-05 - |00} - |mAde
10 [Vou=9.5V -0.35 - 403 |-1.15 - |-0.25 -
15 {Vgn=13.5V -1.2 -~ |-1.0 {45 - }-0.85 —.
Vin=Vss or Voo ’
OUTPUT LOW {SINK) Noe ,
CURRENT
C, D, F, H device 5 Vo =04V 015 -!at2los | - |oo8| - |mAde
- 210 |Vo =05V 037 —Jo03 |10 | ~ j021]| -
15 |Vor=1.5V 1.25 -1 10 5.8 - | 0.68 -
Vin=Vss or Vop
£ device 5 |Vo_=0.4V 0.14 -] 032 08 — 10.10 — |mAde
) 10 Vo =05V 035| —403 |10 | = Jozs| -
15 |Vgor=T.5V 1.2 -1 10 | 58 — {085 -
" |Vin=Vssor Voo :

NOTES: ! Remaining Static Electrical Characteristics are listed under *SCL4000B Series Family Specifications”.
? T ow =-55°C for C, D, F, H device.
= -40°C for E device. 3
THign = +125°C for C, D, F, H device.
=+ 85°C for £ device. !

DYNAMIC CHARACTERISTICS (C_ =50pF, T = 25°C)

Voo ; ;
PARAMETER (Vde) Min. Typ. Max. Units

CLOCKED OPERATION

PROPAGATION DELAY TIME
Clock to Q4 . L. Gy 5 C 650 1300 ns
- 10 - 325 650
15 - 260 520
Q; to Qi +1 teLH, tPHL 5 - 150 300 ns
10 - 75 150
15 . - 60 120
OUTPUT TRANSITION TIME - trims trac), 5 o 180 360 | ns
10 - 20 180
15 z 65 . 130
. MINIMUM CLOCK PULSE WIDTH PWey 5 o’ 100 200 -| ns
. 10 - 50 100
N . - 15 - 40 - 80
“MAXIMUM CLOCK FREQUENCY' feL 5 2.0 4.0 - MHz
’ : - AR 10 40 80 | —-= - --
5 .| 8 10 -
MAXIMUM CLOCK RISE AND FALL TIME e teL 5 15 - - us
: . 10 15 - -
15 5 - .-
i RESET OPERATION
PROPAGATION DELAY TIME tore 5 - 300 600 | ns
- 10 - 150 300
: 15 - 120 240
MINIMUM RESET PULSE WIDTH PWn 5 - 150 300 ns
10 - 75 150
15 - 60 120
RESET REMOVAL TIME team 5 - 250 500 | ns
oL 10 - 125 250
15 - 100 200




i Voe, DRAIN VOLTAGE (Vdc)
20 -18 16 -14 12 -10 8 6 4 2 0 _
\] ! slwc 5 §
. £ =
W oZ SRS c Vos = 15 Vée
Voo =—10 Vde 45 § & 12 ==
|| 20 % £ 10 //
= s
Ves =—15 Vde -25 § = : . Vos = 10 Vdc
2 g 7
2 £ 2 /’——g— Voe = 5 Ve T, =25 C
TASZS'C" o 11 1 i |
L1 . 0 2.4 6 8 10 12 14 16 18 20
. - R Voo DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics R Sink Current Characteristics

1

TIMING DIAGRAM

8 16 32 64 128 256 512 1024 2048 4096 B192 16,384

Clock M‘U"U‘TT’U‘T_U_'LF—U—U—U‘-U_T

Hnut——j \\
1 .\\ -
Qs N7 LGE e Tiestm W da -0 "Ll
as .G A g ——— Ry Y=y | My Ny Hiy T
as : BRIP4 ——— [~ Q¥ 1 R By, Eiy HN
a7 ol o ' VU N R Wiy Iy N
os Afri JI~M 8 T T
os : |y I G AR EE A
a0 2\ gy il | S N B N
Q12 — y | A W N E
Q13 NN D S S
Qs : : t—

TYPICAL COUNTER STAGE . .

~
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. Input Pulse-shaping circuit (Schmitt trigger)

f - APPLICAT]ONS INFORMATION
______________ =| ’ TYPICAL COmONENT VALUES ANO CIRCUIT PEAFORMANCE:
. 1 SCL4060AB 1! cacitLatos g s |- Ipoma @
i | (I FREOUENCY x| wn T vog-1ov|
. | [ L s | w | 1. 93
H ! 100 e w0 | & |ai,r a3
. | | \ 1000 sz @ | a | ootur Y
: L e e a1 10 Tre wo | | apoier os
! TT Aye, @Veo” oY T T ey =
Rg €y >100 pF P
{ Re>IxQ t
! Rgmi0 Ry !
; . Typical RC oscillator circuit i
1 .
- ' C ScLaosoAs g
| 18 STAGE |
| COUNTER I
. Ljr - W72 1L SaNF- 13|
®© © ¢
! "
5MQ <R 100M0D
Y Rg™ (5X—>10X) Rg(xTAL)
XTAL )
RSO
. Csk cr CstCt - CL(xTAL)
Typical crystal oscillator circuit -
o P— .
o Ping
_____________ N
vy Yoo
: - |I V" gt
2 __ o]
TYPICAL COMPONENT vu.u:s Vss .
FOR OPERATION FROM 63 R ve
"‘;.",;o" Voo e 3 Tors v vours: v v .
- Ry o330 00 | . U
v - - - - - - N Ry ¢ Ry Yoo
{FOR USE WHEN INPUT SIGNALS WITH: T T2
50w RISE-FALL TiME ARE USED - ! LRLH]
As cLOC Re-Rs Vpg
. . n "T Y
\

‘Input circuit characteristics for pulse-shaping

, circuit.
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SCL4081B, SCL4082B
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SCLAOT3B CMOS AND GATES
SCL4081B - Quad 2-Input AND o
SCL4082B - Dual 4-Input AND CONNECTI_ON DIAGRAMS
SCLA4073B - Triple 3-Input AND (all packages)
FEATURES . Vpp 48 4A 4Y 3Y 3B 3A
. - ! -1 ! | | |
¢ Buffered Outputs
4 DiodeProtection on all Inputs - - 4 13 12 11 10 9 8
¢ Fully “B""-Series Compatible - N SCL4681B - - -
¢ Balanced Output Drive Current Specifications : 1' ? Zl‘! 4 5 6 7
-t i I} |
inputs - - . " Qutput i N
TR 1 vepar 2 2 1 28 v\
All other combinations 014/ 5 13 12 11 10, 9 3
’ " SCL40828B .
FUNCTION DIAGRAMS i 1I % . :‘i 4r ? tli 17
. \
SCL4081B ‘ 1Y 1A 1B 1C 1D NC Vgg )
Bl Vpp3C 3B 3A 3Y 1Y 1C
2A 5:1'__)_4 oy - T S R
- 28 6 E 14 13 12 11 10 9 8
3A 8 :D_w A, SCL40738
3B 9 : 1 2 3 4 5 6 17
aA 12 :D__" 3 [ ] I | ] ]
ag 13 1A 1B 2A 2B 2C 2Y Vgg
Y-A.QB -
_SCL4082B8 s Add suffix for package:
R < C 14-pin Cerdip -
1B 3 11y D 14-pin Ceramic
1c  4- E  14-pin Epoxy
1D & F  14-pin Flat
2A 9 - H Chip
28 ‘0%13 2y
2c 1 ' ,
2D 12 = ABCD RECOMMENDED OPERATING CONDITIQNS
) ) For maximum reliability:.
SCL40738 'DC Supply Voltage  Vpp-Vss 3to15 Vi
1
A 2 s 1Y Operating Temperature Ta
.18 C. D, F, H Device 5510 +125 OC
1c 8 E Device 400 +85 ©C
2A 3
28 4%}—5 2y
.. 2C 5 -
- 3A 11- -
as 12%3— 10 3Y '
3c 13 )
| Y = ABC
Vpp = Pin 14
- AN Vgs =Pin 7 -
. for all Devices . . -




ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS ':?

p) T +25° 1
PARAMETER - - | YO | coNDITIONS | Tiow 5C Tuin” | yaies
. (Vde) Min. |‘Max. | Min. Typ. | Max. | Min. | Max.
QUIESCENT DEVICE oo
CURRENT 5 IVin=VgsorVpg| — 0.05( - [0.0005 0.05{ — 1.5 |pAdc
10 [All valid input - 0.10{ -~ ]0.001 | 0.10| -~ 30
15 |combinations - 0.20f -~ 10.002 | 0.20( - 6.0

NOTES:' ! Remaining Static Electrical Characteristics are listed und

? Tiow =-55°C for C, D, F, H device.

= —40°C for E device.

Thigr = +125°C for C:D, F, H device.
- =+ 85°C for E device. -
3 These devices have been designed for balanced output drive current specifications. Consult Family Specifications.

DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C)

er “SCL40008 Series Family Specifications”.

- PARAMETER (“’,33) Min Typ. Max. Units
PROPAGATION DELAY TIME L tondd 5 ~ 150 300 s
10 = 65 130
15 - 50 100
OUTPUT TRANSITION TIME tris trad 5 = 100 200 - ns
10 2 50 100
15 A 40 80
. ; -
Voo, DRAIN VOLTAGE (Vdc) 50— ——
. 4 2 | .
20 -18 -16 -14 -12 rio tl; 42 4 2 'a g & Ve, = 15 Vie
Vos =5 VdeoF—r - 5 & - — 1
—t 10 F gl 4
R A 1458 E 2
Ves =~10 Vdc 7 5 8 e
: 9 20 = S % Vs = 10\Vde
Vi 25 8 S — -
3 g A 4
30 B = 77
- [ 35 = na 10 //A
Y -— = [\ "
Voo =15 Ve L 40 £ 5ipd "csl 5;"" T, =250
i 1 T,=2C445 2 0 2 4 6 8 10 12 14 16 18 20
L1 _Js - Vos, DRAIN VOLTAGE (Véc)

Typical P-Channei
Source Current Characteristics

LOGIC DIAGRAMS

Typical N-Channel
Sink Current Characteristics

N

SCHEMATIC DIAGRAM - SCL40828B (1 of 2 gates)

SCL40818

SCL4082B

Ba¥
miDsh

SCL40738

B

Yoo




'SCL4013B S

t

FEATURES

4 Independent Set and Reset Controls

4 Static Operation .
4 Logic Edge-Clocked Design :
¢ 16MHz Toggle Rate @ 10Vde  * :
¢+ B'alanced Output Drive Current Specifications

DESCRIPTION . =

The SCL4013B consists of two identical, inde-
pendent D-type Flip-Flops. These devices can be
used for shift register applications, and, by con-
necting the Q output to the Data input, for counter’
and toggle applications. The logic level present at
the D input is transferred to the Q output during
the positive-going transition- of the Clock pulse.
Setting or resetting is independent of the Clock and
is accomplished by a high level on the Set or Reset
line, respectively. '

/
TRUTH TABLE

ccafo|mris |a]@ -~
| o [} [} 0 1
|1 [} 0 1 0 {
—~_ ] x | 0 | 0 | a| @’ iNocHANGE

= x 1 [} [ 1 A

x = 0 1 1 Q

x x |1 1 1 1

A = Level Change

x = Don’t Care

LOGIC DIAGRAM

N

\
!
i
i
1]
[
1
1
{
'
1
'

CMOS DUAL D-TYPE:FLIP-FLOP

1
CONNECTION DIAGRAM
{all package;) .
. Tt
Voo 02 62 CLoy Rz 02 52

i | ! | 1 i
14 13 122 1 10 9 8
. SCLA40138
1 2 3 4 S 6 7
| 1 1 1
Qy Qp CLq Ry Dy Sq Vss

Add suffix for package:

C  14-pin Cerdip

D 14-pin Ceramic

E  14-pin Epoxy =
F  14-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS'
For maximum reliability:
DC Supply Voltage  Vpp - Vss

QOperating Temperature TA
C, D, F, H Device
E Device

3t 15 Vdc

55 to +125 ©C
40 to +85 ©°C

ser, &

0,3
cLoex, 3

neser, AL ]
1

e [ 1 2

sery, 2

- Dz—’- _—
cuocxp ML rrre f_-l',' 0z

neser, 2 T

17
Vss
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ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

NOTES: ' Remaining Static Etectricat Characteristics are fisted under “SCLA40008 Series Family Specifications™.
Trow = -55°C for C, D, F, H device.

= -40°C for E device.

Trign = +125°C for C, D, F, H device.

=+ 85°C for E device.

Y

3 This device has been designed for balanced output drive current specifications. Consult Family Specifications.

-20

T 0 7
PARAMETER N0 | conprmions | Teow® 1 +25°C THigH__\unis |
. |vee Min, | Max. | Min. Typ. | Max. 1 Min. | Max, -
QUIESCENT DEVICE oo '
CURRENT 5 |ViN*VgsorVpg| - 1.0 ‘ - *0.005] 1.0 - 30 |uAdc .
10 |Alivalidinpur | - |20 | - 001 20 [ - | 60
15 lcombinations - 4.0- l - 1002 | 4.0 — 120

DYNAMIC CHARACTERISTICS (C_ =50pF, T, = 25°C) . e e e =
— —-— - - Voo o ’_.. T N T i J
PARAMETER ‘ eo l Min. {7 Typ. .| -Max.” T Units
CLOCKED OPERATION
PROPAGATION DELAY TIME oL, tomt 5 - 125 250 ns
10 - 65 - 130
15 - 45 90
OUTPUT TRANSITION TIME TN ST 5 N 100 200 ns
) 10 \— 50 - 100
; 15 - 40 80 .
. MINIMUM CLOCK PULSE WIDTH | PWeL 5 - 70 140 ns
) 10 - 30 60.
15 - 20 40
‘MAXIMUM CLOCK FREdUENCY fer sS4 3.5 7.0 - MHz
10 80 ] 1 -
15 125 25 -
MAXIMUM CLOCK RISE AND FALL TIME'  h,eL. e 5 15 vo— - ps
10 10 \ - - -
15 5 V- -
MAINIMUM SETUP TIME ' L 5 - | = 50 ns .
p 10 - w0 20
~- g 15 ALY 7.5 15
MINIMUM HOLD TIME ol 5 - 1 5 0 ns
-\ 10 - f -10 0
15 - ! -5 0
SET AND RESET OPERATIONS
PROPAGATION DELAY TIME : b
StoQ, Rt @ oy 5 - s 25 { ns
0 10 s CS5s 130 |
15 — ' a5y ¥ 90
MINIMUM SET AND RESET PULSE WIDTH PWs, PWg 5 - ! 65 130 ns
.10 - 30 60
N 15 - i, 25 50
SET AND RESET REMOVAL TIME L gt 5 - 1 0 25 ns
10 - i o} 10
. 15 Y 0 5
IWhen units are cascaded, the max:mum rise and fall times of the clock input should 22 equal to or
less than the transition times of tne data outputs driving data inputs, plus the propazation delay of
the output driving stage for the output capicitive load.
Vos, DRAIN VOLTAGE {Vdc) 50 —
-18 16 14 12 10 -8 6 -4 2 O —_ .
Nl ] T T T . B 45 Voo = 15 Vde
Ves ==5 Ve 5 - T 4
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Typical P-Channel
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Typical N-Channel

- Sink Current Characteristics






