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741 High performance operationat amplifier

Typical specifications for +15 V supply:
Open-loop gain (A, ): 200,000

Input resistance (R, _): 2 MQ

in.o
Qutput resistance (R, ,}: 76 Q
Input offset voltage (V,,): 2 mV
Input oftset current (I_,): 20 nA
Input bias current (I3 ): B0 nA

Supply voltage {max.): +18 v

Differential input voltage (max.}: 130V

2. Inverting input

A Package
{top view}
1.NC
0 © [OJw 2nc
3. Offset null
2 (113 4, 10y input
5. Non-inv. input
3] [ 6.V~
7. NC
O P ik
[ 10 9. Offset null
E :I 10 Output
s[] e 11
NC
O Fs 13 NC
14. NC
1. Offset null

3. Non-inverting input

Common mode voltage range (min.): 12 V
Cutput voltage swing: 14 V

Common mode rejection ratio (CMRR}: 90 dB

4.V~
5. Offset nul! I i
6. Output Short-circuit output current: 25 mA
7.v* .
8 NC Stew rate: 0.5 V/usec.
V Package
(top)
1. Offset null
' [: o t]a 2. Inv. input
3. Non-inv. input Open loop voltage gain
2 s
Ej>‘|_37 4.V as a function of
3 g 0. Offset null fraquency
- H 8. Qutput 120 ——T—T—T—7
4[] s 7.V V, =15V
8. NC 100 T, =25°C

80

10 k&2

60
40

Voltage gain (dB)

20

1 1 1 1 | |
10 100 1K 10K 100K 1M

1

Frequency (H2)

Offset voltage compensation:
{pin nos. for T and V packages)

741
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Pin Assignment Sheet: 709

(See Appendix B for other specifications)

DIP {A package): TO-5 (T package):
1. NC 1. input compensation A
2. NC 2. Inverting input, inv.
3. Comp A 3. Noninverting input, N.I.
4. 4. Negative supply, V~
5. N I 5. Qutput compensation
6. vV~ 6. Output, V,,,
7. NC 7. Positive supply, V*
8. NC 8. input compensation B
9. Out comp.
10. Vg,
1V
12. Comp. B
13. NC
14. NC

Open-loop gain
vs

frequency
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0 \\\
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Pin Assignment Sheet: 318

(See Appendix B for other specifications)

To-5 package:

N O HWN —

. Balance compensation 1, BC1
. Inverting input, Inv.

. Noninverting input, N.I.

. Negative supply, V-

Balance compensation 3, BC3
Output, V

out

. Positive supply, V*
. Compensatian 2, C2

Offset balancing circuit:

DIP package:

LN OL LN~

gribEEEe- 1C 100

NC
NC
BC1
Inv,
N.IL
V-
NC
NC
BC3
\Y

out

LV
.C2
.NC
.NC

Pin Assignment Sheet: 301A
(See Appendix B for other specification)

To-5 or minidip package: DIP package:
1. Freq. comp/offset null 1. NC
2. Inverting input, Inv. 2. NC
3. Noninterting input, N.1 3. Comp/oftfset
4. Negative supply, V- 4. Inv.
5. Offset null 5. N.L
6. Output, V_ 6. v
7. Positive supply, V* 7. NC
B. Freqg. comp. 8 NC
9. Oftset
10. Output
11. v*
12. Comp.
13. NC
14. NC

Typical otfset null and compensation: Pin nos. for TO-5 or minidip

30 pF
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To-5 or mini DIP package:

. Offsat nuil

. Inverting input, Inv.

. Noninverting input, N.1.
. Negative supply, V-

. Offset null

. Qutput, V,,

. Positive supply, V*

. Strobe (NC for 356, 536)

M~ DU LA -

Typical Offset Circuit:

v-

*Use 25 k{1 for 356.
Connect to V* for 356 and 536.
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2
N LA
L4
b 45

M A L % B

E}FVJ%?pJfrEw&*ﬁl]ﬁ TEZF[H | *’Hﬂﬁpj%ﬁﬁ%pggﬁ THEAS S - F’?FEFJH' f'
g A B - BRI
= HlFe - F‘@”’ F%(m[ﬁWFIé‘E%LI ST SRS o 1] Rl - %mu@%lfgguﬁj@ﬁtmﬂ GIESiE g[
b ?zr&
A HES (Oscilloscope ) © €35 W38 B £} 10MHz » f%]”?&ﬁlﬁﬁ R4 RS Tektronix o
Philips......... S
FHeL® & 48 (Function Generators ) : 2| LSI §Jw [ iR =) 2MHz > E et B
%“EFF' » P I VR E | Hewlett-Packard #{1 Wavetek o
B = B (Dlgltal Multimeter ) : 2= 3 U, b s E[ﬁ\@ﬁf A %’Tﬁl BN 3 F"F'JEHE
Hickok > Fluke #1 Keithley R4 -
[k F“‘ﬂ’ﬁ Fifft R (Power Supplies) @ 21 F P47k lﬁ\%ﬂ%f ( ’BKETH"F::TL@%?‘{EW 130V > ”Fiif(’F )
> SETE SV AL 215V HURERT o T IC ffH] - qﬁwpﬂfﬂlth Lambda - [ 17 #7917 ﬁlﬁ 4@
#pj?ij’ﬁ][ﬁ%{'mg 0
K Fj‘ﬁw‘ Ereadboard Systems ) : | +5V Al £15V ﬁngﬂWﬁ? BEpE - o J%@%’S%Tu A
SRS TR g £ 1C A8t - S ORI E&LL -

YR DI3 iR

RAM (Random-access Memory ) © [t i TV e fEES

DIP (Dual-in-line Package ) : S35 %[| ] tuk

LED ( Light-emitting Diode ) : 3F 5% — ﬁy?ﬁj

Modulo-8 * 8 #iFF Ry (=1 8 Fhas )

JFET (Junction field effect Transistor ) * £ ﬁjﬁi}“’ﬁl‘é’;ﬁ‘#[%‘
MOS ( Metal-oxide Semiconductor ) @ & FE’{}";& [“Pu4 e

SOS (Silicon-on-sapphire ) : /4% R T [|

TTL ( Transistor-transistor Logic ) %FFIE — Tl FFIL FE‘

I’L (Injection Logic) @ J= 7 i (Fl& F"J,’?‘/ DCTL)

RTL (Resistor-transistor Logic ) : F:i{? = FF[F[[JI?E[‘ R

MSI (Medium-Scale Integration ) : AR FEF“"?'

PROM ( Programmable Read-only Memory) pir A= [E'%‘F (B
M/S FF ( Master-slave ﬂip—ﬂop) = [%"éj‘f_d@ B

DTL ( Diode-transistor Logic ) : '-f Fﬁl Fﬁ'm_ S

WOM ( Write-only memory ) : [El F"Lq[]

MOSFET ( Metal-oxide sem1conductor ﬁeld effect Transistor ) © & g5 (" P14 ﬂ‘ﬁﬁ‘ I B 35 ]E %F%ﬁ EE‘,,
LSI (Large-scale Integration ) : E Jﬁ?ﬁ' e Hx

1P (Microprocessor ) © 7 F1 3y

I/O (Input-output ) : ﬁET]_‘ ﬁfa‘t"l&zu.fgl'
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DPDT ( Double-pole > double-throw Switch ) : %%ﬁjf’ﬁjfﬁ%
A/D (Analog-to-Digital ) : K55y I flifss
LSB (Least significant bit) : f& /[ fif g
CMRR ( Common-mode rejection ratio ) © H A~
S/N ( Signal-to-noise ) : FHoFEEN B
BW (Bandwidth ) : #i% 73[” :E'T@
BCD (Binary-coded decnnal) = _ﬁﬁﬁ o _rﬂj
ASCII ( American Standard Code for Information Interchange ) @ Y54 1 - | S BAE? ﬁ%“ﬁ%
VCO ( Voltage-controlled Oscillator ) : *LH’E&P_L fﬂfﬁ(éﬁ,
SCR ( Silicon-controlled rectifier ) : fr /jf?L E?Zi; R

[E¥ P9 J/,ﬁi
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2. [ Mﬁffrﬂpm FUEOR -5 2141213121 -
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e B BT L P

IR 81 P S B 2 W PR OO IS+ S 0 O
(AR IS TTL gt 1C - CMOS e 1C 71 OPA [ (351 » Ifift 2% -

TTL §¢ 7 IC

RS Ui Eﬁ*ﬂfﬁ'l‘f&‘PJ H Iﬂmaﬂﬂ'fj% AR IR T TR - SIYHLCE EDYR NAND
#1 7 Y19 7400 Eﬂj PRIVE = M9l It['%l'ﬁE E 182 NOM( nomlnal values for power supply

Vo{tage and operating temperature) Bl =SSl =1 40 |‘D4L~’E*&p* AN IR EJ MIN I MAX
Ml I"p} FHANEVE s -] Iﬁ@ﬁ*l;@ o fplr™] Ejj G Ry P R AR }{"’ﬁ [nq\ﬁ‘/vfé&
IC = =453l (Fan-out) N RLfg =)~ [l - #;wﬁ U - G TTL 6 g1Ehgr va—lo > HJ%
T 7400 1= {fi NAND Rffiofsis  fi=Hg0 10 i TTL pofi] * - Skl (Guaranteed) » T 35
YR

=9t e - %T’/[JHYF'L* “Hj 1% (Elecrtical Characteristics ) » =5 {['1'] 7400 Fbasfy e
L. Vinq) @ %5y * s (High-level input voltage ) F‘/I’Tfﬂit Vi o 7 [Z— ﬁﬁg‘* F-LJE& l%{?ﬁ i

Vint) I@J[@Eﬁw 7400 532V YR EPIE CILLISED FOR] < ff 400 PRyt

g e
2. Viyo) * [REFYE ﬁff l=aa A (Low-Level input voltage ) F&ETFH,’E" VIL HA T ‘B‘E?‘ L ?ﬁ’ﬁ%lﬁlﬁﬁ"
Ving) R} - ?ﬁiﬁ“’z it CATOSPREE) » & 7400 f Jiﬁ Rl E 'Jﬁi}j IE%AO BV = (g

HiES 1 (E'Hﬁjﬁ“ﬁﬁi 1) e

3. Voum: '[J L";*’E{ (ngh level output voltage ) ﬁ‘/ﬁﬁﬁﬁ,t Von ° % (=~ ﬁﬁ?f FES R
B Vouqy HY 2 }* 'ﬁ T (IR 1) 71 7400 pﬁgftm&#zw HEEE, JJ HE?J Pe
4. Vouo) : [RAPIE L VL EEMEAS (Low-level output voltage ) FY[iFH Vor » F7- [ThT il ﬁt f N

E#ET]“E g E ‘Egrﬁi 0) > 7 7400 5 £ Vouy =04V > ﬁETL[']%JE”[P@p YEHET O gt -
._f‘
-f,—l»
ik

5. Tino) ﬁET“ F‘%{’F ( Low-level input current ) ﬁ‘/ﬁ;‘?’ﬁ Iip > A 7 (Rf #‘P‘?’* gi@tp% ]f}[}d*
ﬁ ﬁ? T PRI o AL I Bttt < 3 7400 f Jiﬁfl in0)=— 1.6mA

6. Im(l) : FIJ fi #ﬁ? Fj:ﬁ (High-level input current) F[‘/E?" Iy > FA 7 f fi ﬁhﬁ?’* gﬁﬁ’ﬁ&ﬁj %jﬁdm
o ﬁjﬂ? /ruﬁ“;jﬁh ° 1t 7400 [ “%F Tin(ty % Vinqry FVERTRIGYE N | ¥ Bt > — t vA0 LA —
ET lmA
7. los: H rf‘.} 53]: H ﬁﬁ”"%’ﬂ ( Short circuit output current ) » 7+ 7400 fi JﬁFJJFI Tos | 4 {lH BT
— ?'r—lSmA ;- 'r—SSmA S E ]ﬁﬁﬁTHWﬂ Eﬁ‘%f‘ﬁ‘, °
8. lccq) * ﬁﬁﬂj IIEEF‘:EHJ?E”%’*IE?(TL (Supply current > Outputs low ) » A Iccp > <7 FIIF"TE ﬁﬁewf%:i
?E,]'EEFJ‘:EHJ‘ e ?‘ﬁ’? Vet .Jﬂﬂgﬁu o A1 TYP** [T?FIE”'F'J[EI (Typical ) £5 Vec=5V > TA 25
CH. f;-mw MAX R -
9. Icca) JL ' FJ-‘EHJ‘ pﬂﬂ’ﬁfﬁ(“ﬁ ( Supply current > outputs high) B Tocn » j VETE ﬁ]a[H'.f:J
ﬁqﬁ"ﬁﬂj : Y)b gl VCC%-JF”E;:OL ° Tt 7400 F”%F[ » Tecqy AU B L 4mA - =N il 1 8mA °
10. tpd(O) [FUTaes JF:?@’?‘}[ F:Elllﬁlﬁ«ﬂ;ﬂ'—%ﬁff ( Propagation delay time - high-to-low-level output
) thHL ’?'{ et ?ﬁ”ﬁfﬂ REAl IEI s rfiﬁ—ﬁl =AY (SRS UEZE%E%F » 4] «kﬁi}j ESEL
REfy = R FE?J °
11. trpd(l)' f ﬁijf (‘[.—]EEF:%E"‘?&}’E F:FIJ[H"lﬁT;E%Eﬂj 7| ( Propagation delay time > Low-to-high-level output
FE?"tpLH E Fﬁ? ;éﬁm /Al @ﬁjﬁ ,K{,_ﬁ’ﬁu?gn;&,ﬁ e [ﬁﬁf&,J
IP=9t > F;'ﬂfﬁﬁ? i JE@E}JF%{JL RS F‘#'tﬁL e = I Ebp Im(O) ’ Im(1) rMﬁ:jE”uL ° Iﬂv[[tﬁq e
910 - i) rJ~Eﬂj B T EAIERL 10 x Loy AR - 145 (AR » M
JJ:E@FI*J%’T t" 10 x Tino) %jrﬁb[ﬁ”ﬁ]“ Faf * (Sink) Ff o rﬂﬂjifkiﬂi » 7400 = — [l
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E"JFEE]FF?E—@ FIEE 400 1 A > ] Toaa= —400 L A » 7 [SEEFFEME T 16mA > J] L= 16mA

i i QUADRUPLE 2-INPUT POSITIVE
SilNETGS o oA 's‘?zgg

DIGITAL 54/74 TTL SERIES

SCHEMATIC (wach gate}

PIN CDNF|GUFIA1IONS

ﬁt
L

NOTE  Component valuss shown are nomingt -

W PACXAGE

RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX UNIT
Supply Voitage Vo 55400 Circusts 4% 5 55 v
N7400 Cireuits 475 5 525 v
Normalized Fan-Cut from esch Output. N w0 .
Operating Free Air Terperature Range, T, 55400 Circuits -55 » 15 'C
N780C Crrcuts [} bl 70 c
ELECTRICAL CHARACTERISTICS {over froe-am ronge unien noted)
PAAAMETER TEST CONDITIONS® PMING TYP'T mMAX | uNIT
i
Vanin) Logical 1 input volisge Veg < MIN i v
requited at both nput
terminals 10 ensure
logcsl 0 level st output ;
Vi) Loguesl 0 mnout voties Voo = MIN [J] v
coquired at e ther input
torminel 1o ansurs
togcal 1 level 3t output
Vouet1)  Logecal 1 output voltige Voot MIN, Vin v 08V, 24 33 v
o = —400WA
Vouttol  Logeeal 0 output voltage Ve =MIN, Vin =2V, 0.22 04 v
Ik = A
! Logical O tevsl input =-MAX, Vip =04V -18 mA
ik n:.r-nr {each input) . vcc
[® Logicel 1 tevel input Nog s Max, Vin = 2.4V 0 Y
nth) Querint each inguth Mg = MAX, Vin =S5V 1 mA
i s | 20 -5
fos Short cirtuit output u - MAX N7400 " 5 mA
eurrent
DIGITAL 54/74 YTL SERIES = $5400, N7400
ELECTRICAL CHARACTERISTICS (Conrd)
5 ——
PARAMETER TEST CONDITIONS * MIN  TYP®" max  uNIT |
'cc«m Logical O level suppty Voo = MAX Vi * 5V 12 22 ] mA l
<current
ICC,” Logical 1 1evel supply Voo * MAX v, =0 a 8 | ma
Current i

SWITCHING CHARACYENISYICS Vcc =5V, T

PARAMETER MiIN  TYP MAX | UNIT | :
101 Propagation Gelay time G| = 15pF, Ry = 4000 7 15 "
10 logicai O level
Togi1} Propagation detay tme Cy = 18pF, R = 4000 1 2 ns
10 dogical 1 levet H
L 1
¥ For condmions shawn a3 MIN 3¢ MAX use the sppop:iate value pecitind under rec oparstng c. foe the

device type
T AN typicel vatues sre a1 Veo - BV, T, = 28°C

? Not more than one output should be thorted 51 e fima

Courtesy of Signetics Corp. from Signetics:

fornia, 1972.

Digital, Linear, MOS, Sunnyvale, Cali-
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CMOS gy IC

L s AR CMOS IC U3 oA TTLIC AR = (18 R e ’I«H:p'vj\ il = =94 > g
> CMOS IC gugﬂﬁgﬁz@wm Vpp— Vss » H - J%Wﬁ—fﬁ%l*ﬂ RN RN E = E P
CD4011A 7|45 NAND [ » ﬁl‘fﬁéﬁﬁ‘h EaR %@I*{&pji’* £ Vpp= SIV Vss=0
— £ Vpp=10V » Vgg=0 o [H[*=> FJ i % M= S %I:t[]# » CMOS IC ﬁiﬁﬁl &{Eﬁ“d[ Vss
Ry BRETTRN Pl o P AN EY CMOS ICH %4 ’Iﬁw% RUNENLE

1. F%;FJ“?T‘ 1% (' Static Characteristics )

(1) Vi: iy L F'LH’E% (Input Voltage ) » Xl #ufE!El Vss < Vi< Vpp °

2) Vo: ﬁfjé['.r%’gﬁ(OutputVoltage) I%»J:EII(E[J:W | e R o N

3) I.: F?i LFFI—TR » A Fl—ﬂ ( Quiescent device current ) o HJ 72 F,TIE“:&E\J‘[‘??YEJW 3t Vpp [Nk
{1 Vs FOTERA i -

CD4011A, CD4012A, CDA02Z3A Types File No. 946

STATIC ELECTRICAL CHARACTERISTICS

Conditions Limits at Indicated Temparatures (°C)
Charscteristic 0,K,F.H Packages _ E.Y Packages Units
VO VINIVDD| gg| *28 | 06| g0 |- *25_ ] .g5
v} [{tv) | (v) Typ. |Limit Typ. [Limit
Quiescent Device | — | —.| & |0.06]0.001]005] 3 | 0s |0.005] 05 15
Current, I Max.]| - | — | 10 [ 0.1 [0.001] 0.1 6 5 10.005] & 30 | uA
- f~-11512 |002)] 2| 40 | 50-[ 05 [ 50 [500
0:;‘::1:’3"‘“ - los| s . 0 Typ.: 0.05 Max.
vou - lo,10] 10 0 Typ.; 0.05 Max.
High Level, - 105] 5 4 .95 Min.; 5 Typ. v
VOH - Jo,10] 10 9.95 Min_; 10 Typ.
Noise Immunity: | 3¢ | _ | ¢ 1.5 Min.; 2.25 Typ.
Inputs Low,
VNL 72| - 10 I Min.; 4.5 Typ.
Inputs High, 14| - 1|5 1.5 Min,; 2.25 Typ.; v
VNH 28 | - 10 IMin.; 45 Typ,
Noise Margin: ,
Inowts Lﬂ‘ 451 - | 5 1 Min.
VNML 9 |- 1|10 1 Min,
Inputs High, 05| - 5 ¢ 1 Min. v
VNMH L] - 10 1 Min.
Qutput Drive
Current
N-Channel
(Sink)
1oN Min. .
D401 1A 05 - | 5 [031]| 05 [0.25[0.175{0.145| 05 |0.12 |0.095
CD4023A 0651- 110 j0o62] 06 |05]|035 | 03 | 06 |o2s]| 02
cosorza [05]- |5 015|075 |012]0.085|0072) 025 [008 [0.05 |
05| - 10 |0.31] 0.6 |0.25|0.17610.155| 06 |9.13 |0.105
P-Channei
(Source), 45 | - | 5 o3 -06 |o2s|[-0.175].0.145] .05 [@12 -oms‘
1pP Min,
Al Types 95| - 10]075 1.2 |-06( .04 |-635] 1.2 |03 |-024
|
ng:r'nt:t,‘:m lA"V 15 +10-5 Typ.; *1 Max, { uA
.lL' [T nput




(4)
©)
(6)
()
()
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DYNAMIC ELECTRICAL CHARACTERISTICS ot Ta = 25°C, Ci_ = 15 pF, input t;, t{= 20 n,

Ry = 200 K02
TEST LIMITS
CONDITIONS D.F K H EY
CHARACTERISTICS Packages Packages  [UNITS
vVpD

v} Typ. | Max. | Typ. | Max.

Propagation Delay Time: 5 50 75 50 100

Low-10-High Level, tp| 1 ns

10 25 40 25 50

High-to-Low Level, tpyyq 5 50 75 50 100
CD4011A and CD4023A 0 | 25 | a0 | 25 | s0

CD4012A 5 100 | 150 | 100 | 200 ns

10 50 75 50 | 100

Transition Time: s | 76 1100 | 75 {125
Low-to-High Level, t1y 4

ns

ns
10 40 60 40 75

High-to-Low Level, tyyy 5 75 125 75 150
CD4011A and CD4023A 10 50 75 50 100

7
CD4012A 5 250 | 375 | 250 | 500 ns

10 125 | 200 [ 125 | 250

ns

Input Capacitance, C; Any input ] - 5 - pF

Courtesy of RCA Corp.

Vo [&fF i s (Low-level output voltage ) » -I[FJ it L O ([RAEYE) [ ﬁ;ﬁgrjﬁﬁ

3} Vgg Akl rEpJch:EPto

Vou © iy i ¥ (75 (High-level output voltage ) - -WFJ TR 1Ry RS ) R R
uﬁmTVSSFE"E[ @F[J—j‘ﬁg{o

VL - lg’rgfﬁf Eﬁ prgEH FM@?:T‘E{(NOise-immnunity Voltage > Low-level input ) > E'[T lﬁlﬁﬁi e

W DR (SR [ (S Vss D)

VNH' P“ﬁﬁ? Ef U%@ Crg ?ﬁﬁ,{(Nﬂc’)ise-im\rmgnity Voltage » high-level input ) » J[| T lﬁlﬁﬁi B

iz IJF FL“ RSl (35 Vpp &l ) -

IDN N ﬂﬁgﬁ HEITEI (Outpul drive current » N-Channel ) » i ',f‘.} .i’:lfﬁ Y[R v

5 (Vo=0.5V) > B‘ﬁi 'rfJEiUPE'“ ?*ff 1 i R D - &]}IF quNi tr‘lﬁfﬁp&“

Fl%(’f ( Sink current) AEHS Ffﬁﬁﬁ ‘i N-MOS jﬁ 7] WFHW?%{T (drain current ) fifi o dy JL MEY

I%FJ“E*] » P-MOS #1553 £ OFF}{J&'FTS > B[R (S Jfg Jp > i F“—‘:{’f‘ LGRS, BT U1 o

(9) IoP : P! *JFIi?(’T ( Output drive Current > P-Channel ) > ﬁfﬁ[ e ) O YRR
(Vo Vpp— 05V) @ﬁﬁﬁ W [F) I T PRI o PR N- MO Iﬁ ) OFF}IJ‘EE S L
%vf 9[1£% P-MOS ?Z[ 7R J!FBFWFI#(’T (dram current ) ©
(10) II giﬂ (Input Current ) » H[] Fd ﬁ? k ;:’E{F"r Vop fiY Vss EHJ; H Jﬁf\ k ;ﬂ;’ﬁ °
2. ‘*Jﬁ“ﬁj 1% ( Dynamic Characteristics )
(1) pLH Ll Ry Euﬁﬁ?‘ﬁ[ﬁpﬂ fEL P g ’%Eﬂj ftil (Propagation delay time > Low-to-high level ) » &I
aa?ﬂ Jﬁ?‘* 55 B g?q',@giyﬁ 3l JEiJfF IS torm ©
) pHL : @ﬁ?{}[g “FTE FJ-‘AE:E%]EEFME [ 1 i’ﬁﬂj fiil ( Propagation delay time - high-to-low level ) » J]]
el FOSHE - 2] Ay (ShRp J%ZFQEHJ‘F
3) tTLH [%fl“ﬂé F'; I'J 3@]33? fii] ( Transition time » low-to-high level ) » J[| lﬁlﬁ?“' 10% fiv
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Vbp— Vss [l =#[ £ 90% FY Vpp— Vss [V Ejj LI
4) trm: @ﬁ,’ﬁf@*’?& [’i;EF&EIfJiEﬁ@Eﬁ fiil ( Transitlon time > high-to-low level ) » J[| lﬁlﬁﬁ‘ [£-90% p~
VDD Vss M= 2] 10% [V Vpp— Vss fifi EJ]:F °
®) ﬁﬁ? F'ZLT‘F’\ (Input Capacitance ) » J[]= ﬁ?“ ’F‘.J_ Vs V[HIVE 357 FLIIEI °

EETR3 (Operational Amplifiers )

F IS OPA FEI R % 2RI Bl PR 31‘{ FEIp i e H S o H fﬂjﬁj\pﬁflj
F0 EHITI IHE il DS s 59 OPA SEE ) BEE] -
f i ERpuEEs o BRI r AT41 EJ"”'T“‘J%JF‘ & = E[%W“?ﬁv » o IR EiElEERR
L= PR

Real op amp

Inverting

Noninverting

o

ldeal op amp
(a)
Inverting
o
Vou!
Noninverting

O

Offset: [ EIHB. ;—Ia_l when
+ =

Bias: I, =8 ‘8 Vour =0

2

{b)
[ Bl (a) OPA fIYE Iy * LN T [?ﬁﬁ”bﬁﬁy‘ H‘FF* LRINER P o
(b) ﬁ“ ?q*ﬁ B }strﬁ %
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Veum H ﬁﬁﬁ_‘ F'L“’E*t%‘f iR {;{&ﬁ&?‘_‘ A (Common mode voltage range ) » ][] Eﬁ E( Ry
fﬁ.}pj%’ﬁ%‘c“ TR o “ﬂ{/p VCM—HZV A0 “?F,JIHI%*‘ET@IF I B ER o F "J[I
+16V 2 At JFF P15V EZE Al #lﬁ,fr:;j e

CMRR H fEfE S B (Common-mode rejection ratio ) » %=1+ OPA a:ﬂf[ EJJ“ - [ SEiL Tx‘x flar ,r.JEJJ“
fi ijﬁ’:r" 1o H i E CMRR = ZOlogﬁz » EUFIT Ap BB E U 0 T A —2010g\\//L”‘?2J/

Ac AR » A =2010g\%f1?<3/ :

n

In fid * Tk (Input bias current) » f'[[xxﬁ?‘ B P T 2 (%a«ﬁdqﬁl Bl) -
Ios ﬁ? H?F’]Z‘iﬁ (Input offset current ) » £ pxﬁ?“ ,r.ﬁiﬂ ENE (I E[[ OS_|I -1 _| (FJ,
out_OIEI )

Vos ﬁﬁ? ﬁ?ﬁiﬁ@t (Input offset voltage ) » ] [Eﬁ[ﬁ?H ',fJﬁ.j F%’E%W\ 0fi Jﬁ? 3 E*’Eﬁﬁ Fe o — k=
o IS

Rino fif J%ﬁ'&ﬁ A Jﬁ? L F;*I'i_ (Input resistance ) » %ﬁﬂ gPA 75 FFZL (Open loop ) Eﬁ Bl
FE I mﬁﬁ [ JF‘,J%‘J-FLBEIJF:L‘B”

A, = ﬁ%ﬁﬁ"ﬁ (Large 51gna1 voltage gain > Open loop gain ) o A k[ Ei'JE b
Al HLLI',F%THE&E UREEIEIEE R O R lxﬁj? 3 Fjaﬁ@ta FIJF‘—I;E"[ o

Lo.max iﬁ*ﬁﬁﬁ[ .giﬁ (Maximum output current ) » %7 (Rl FE{fl OPA F L*[F[ [ Jirzs'ﬂ\ﬁﬁi 'IF
i -

Routo FiEaG E‘&E;j H Jﬁ? '.3*[[' (Output resistance » Open-loop ) » F=- 7: [fff> E'5‘E5']’ Eﬁﬁ?ﬂﬂfﬁ}ﬁ‘

355

%F“E F577 Fj‘ﬁﬂn Bl ;f ﬁj:lﬁilﬁ?ﬁ'.%’ﬁ%fﬁo AT 5 FFI?FYW) SRE FIET
L['F EpAgh “EﬁﬁL['ﬁa{Thﬁl ke[ EL S H1EE Rougo ©

Isc H'.f‘-}fﬂ ERY MS‘ (Output short-circuit current ) » 5] F{ ! ,f]ﬁ.} s > EE-
1’7*3 S‘EHJEF' Jﬁ{' ,%{“ﬁ °

Output voltage swing ﬁfa'ﬁ I& E‘*% *ng » ﬁI?J‘L '.flﬁu & PRl IR B > AL r,ﬁj? o AN

I o

PSRR %’WF R = (Power supply rejection ratio ) » S i (R ?ﬁ@%@ﬁ@;@ggm
53 iE Jo > il [ﬁ&%‘* ﬁ%ﬁ }H’E&ﬁﬁ@%%@@ 53 [H@EEJF%@ %’E’ﬁ%’\%}ﬁll—iﬁ Ho— g
F-Ia(’glp SREN F-%’E&t b I’F‘ﬁ*f [H@E%ﬁﬂﬁlﬁﬂ [nF=PSRR [ﬁﬂﬁ i 2.0 L V/IVEE200 4 VIV
V> H S| s .

=]

SR ﬁ@z@} (Slew rate ) » A iy * RS ([N - AR ! SR (Ao -k
N AV/AC 5 dvide kD IJLM7411E iR ﬂ*EJSR’E OSVWS e
%&’E’tﬁi 1uS fJ ﬁ—krl J 0.5V F[ JAgh[™ fl [F“[E[j[é}—’\jléjﬁa- 0 FJ[ B J[[ [—?FF [El FL[
Vi EEEk e {;‘gﬁﬁ N Oing] @J, !JSRH%'\E‘/ I/c» EFE Hrt b (L A/pF o
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