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Nonideal Op Amp Characteristics



Differential Amplifiers

Instrumentation Amplifier
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» Can reduce effects of dc offset if gain must be very large
» Must pick C to that frequencies of interest are in passband



Impedance Converters

One Port

+ : V1(G1+G2) = Vsz }
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Observe this input impedance is negative!



Impedance Converters

. 2. I
+ >
Vi Z, Z, z, Z|N= Z1Z3ZS
L,Z
ZIN Zy 274
—_ | One Port
If Z,=2,=2,= Z:=R and Z,=1/sC Z\= (RZC)S This is an inductor of value L=R2C
If Z,=R,, Z,=R,, Z,=R,, Z:=R; and Z,=1/sC Z——R3R5
—_ , —_ , —_ , —_ an —_ S —
2=Ro, £37R3, £47 Ry, £57Rg 1RR IN sCR,R,
This is a capacitor of value Ceo=C R2R4 (can scale capacitance up or down)
3" 5

If Z,=2,= Zs=Rand 2,=2;=1/sC  Z = (R?’C2 )82 This is a “super” capacitor of value R3C?

This circuit is often called a Gyrator



Nonideal Properties of Operational Amplifiers

In even the most basic applications, the laboratory performance of the
circuit often differs dramatically from what is predicted for some op amps.

With proper knowledge of the characteristics of the op amp, designers can
usually design circuits that behave almost like what is expected with ideal

op amps

Essential to know nonideal properties of the op amp and how to manage them to
be an effective design engineer
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Nonideal Properties of Operational Amplifiers

Example:
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Desired input and output waveforms
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Nonideal Properties of Operational Amplifiers

Example: Desired output waveforms
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Nonideal Properties of Operational Amplifiers

Example: Desired output waveforms

What can happen:
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Nonideal Properties of Operational Amplifiers

Example: Desired output waveforms

What can happen:
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Some of the more common nonideal effects in Op Amp circuits
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Will try to identify the source
cause of all of these problems
and how they can be resolved



Nonideal Properties of Operational Amplifiers

\ Vourt \
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For ideal Op Amps, both circuits have gain A, =1+=2
R

1

All op amp circuits that have been considered to date have a similar counterpart
circuit but only one of the two circuits will perform as predicted

Must also observe what property of the nonideal op amp causes renders one to
the two circuits ineffective and determine how to select the correct orientation



Inventor of two-stage Op Amp
Robert Widlar

(considered by many as the most brilliant integrated circuit designer ever)

SCHOOL DAYS 1953.54
ST. IGNATIUS

Widlar began his IC career at Fairchild semiconductor in Sept 63 at age of
approx 26 where he designed several pioneering op amps. By 1966, the
commercial success of his designs became apparent, and Widlar asked for a
raise. He was turned down, and jumped ship to the fledgling National
Semiconductor. At National he continued to turn out amazing designs, and
was able to retire just before his 30th birthday in 1970.



Inventor of the internally-compensated Op Amp

Dave Fullagar

(from posted www site)

« Joined Fairchild in Jan 1966 and asked to design an op amp

 His design was the first internally-compensate op amp, the 741

» Fullagar was 26 years old when this was designed (introduced) in 1968
» Largest selling integrated circuit ever

« Still in high-volume production even though over 40 years old

» Fullagar later started the linear design activities at Intersil

» Cofounder (catalyst) of Maxim



Nonideal Op Amp Characteristics

* Absolute Maximum Ratings

* Electrical Characteristics
— AC
—DC

These are in the data sheets of the op amps along with connection information,
occasionally application information, connection information, and sometimes
even information about the design

Application notes, available from almost all manufacturers, often give more
general information, definitions, more extensive application information, and
other useful details.



National
Semiconductor

LM741
Operational Amplifier

General Description

The LM741 series ars general purpozse operational amplifi-
arz which featurs improved parformance over industry stan-
dards liks the LM7IE. They am dirsct, plug-in replacsmeants
for the 709G, LM201, MC1439 and 748 in most applications.

August 2000

output, no latzh-up when the common mode @mNgs iz ex-
caeaded, as well as freedom from cscillations.

Tha LM741C i identical to the LMT41LMT41A sxncapt that
tha LM741C has their performance guarantssd overa 0°C to
+707C tarmperature rangas, ingtead of -55°C to +1257C.

The ampliiers offer many featuras which maks their appli-
cation nearly foolproof: overdoad protection on the input and Features
Connection Diagrams
Meatal Can Package Dualin-Line or 5.0. Package
- OFFSET RULL {1 = ] 2l
2 [Tyt
e "LLL IMVERTING HPUT —| 2 il S
HWYERTING WPUT(E) () outruT — N I
R = A HI; = e
BFUT !
WM =[HVERTING [4PUT (3] cﬂsu MULL . N IS

DOESHDE
Mote 4: LM744H iz avalable par 42851 04014

Order Humber LM741H, LM741HSE83 (Mote 1),
LM7T41AHMES or LMT41CH
Ses NS Package Number HOBC

Caramic Flatpak

w—]e :IM-

+OFFSET Rl — :m.

-WPTEC—] LMT41W ;I ¥

o — gwran
[ m— -CFFEET HULL
CORIE
Order Number LM741W/883

See NS Package Mumber W104

02834403
Crder Humber LM741J, LM741.)/883, LMT41CH
See NS Package Mumber JO8A, MOSA or NOEE

1pldwy [euonelado LN



LM741

Absolute Maximum Ratings (not= 2)

I Militaryherospace specified devices are regquired,
please contact the National Semiconductor Sales Office/
Distributers for availability and specifications.

{Mote 7)

L7414 LMT41 LEAT41IC
Supply Vaoltage 22V 122V 18V
Powar Dizsipation {Mote 3) 00 miw SO0 it 500 mW
Differantial Input Voltage 300 30 + 30
Input Voltage { Note 4) +15W 15V +15W
Output Short Circuit Duration Continuous Caontinuous Continuous
Operating Termparaturs Ranges =BE°C to +1257C —EB°C to +125°C 0°C o +70°C
Storage Tempearaturs Rangs —BEC to +180°C —SE°C to +150°C —BE"C ot H150°C
Junction Tempearaturs 150°C 1807 C 100°C
Soldering Information
MN-Packags (10 seconds) 2e07C 2erC 260°C
J- or H-Package {10 seconds) 00z J0onG 300°C
M-Packags
Wapor Phass (60 ssconds) MEC MEC 215'C
Infrared (15 ssconds) MEC MEC 215'C

Sea AN-450 *“Surface Mounting Methods and Theair Effect on Product Reliability® for other methods of
zoklaring

surface mount devices.

ESD Tolarance (Mote 2) 400 400 400
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Electrical Characteristics (nots 5

Parametar Conditions LMT41A LM741 LM7T4C Units
Min | Ty | Max | Min | Typ | Max | Min | Typ | Max

Input COffsst Voltags Ty =25"C
Az = 10 kil 1.0 | 5.0 20 | 60 i
Az = B0L: 0.8 3.0 i
Tapam = T = Tapax
Az = 0L 4.0 rrif
Az = 10 kil .0 T.5 i

Avarage Input Offset 15 pirc

altage Drift

Input Cifest WVolags Ty = 25°C, Wg = £20V 10 +15 15 rrif

Adjustmant Hangs

Input Cifest Currant Ty =28"C 2.0 a0 20 | 200 20 | 200 &
Taraim =T s = Tapaax ELL 85 | 500 300 &

Avarage Input Offzet 0.5 nAsSC

Currant Dirift

Input Bias Currant T, =25"C 30 2 a0 | 500 g0 | 500 né&
Teapain = T = Tappax 0.210 15 g H&

Input Resistance Ty = 25°C, Vg = £20V 10 | 6.0 03 | 20 03 | 20 AL
Taram = Ta £ Taprace 0.5 L2
Wg = 220V

Input Vaoltage Ranga Ty = 25"C 12 | £13 v
Taraim = T £ Tapaax +12 | 13 W




\RA

Electrical Characteristics ot 5) (Cortinusd

Parameter Conditiens L7314 LM7 41 LM7T4C Units
Mim | Typ | Max | Min | Typ | Max | Min | Typ | Max
Largs Signal Voltags Gain Ta=25C A z2 k2
Vg = 220V, Vo = £15Y 50 Wim
Vg =218V, Vo = 210V &0 | 200 20 | 200 Wim
Taram = Ta = T apgan
A = 2 ki1,
Vg = 220V, Wy = 216V 32 Wimi
Vg = 218V, WV = 10V 25 15 Wimid
Vg = 28V Wg =12V 10 Wimid
Output Voltags Swing W = 2230V
A = 10 ki +16 W
A = 2 ki +15 W
Vg =215V
A = 10 ki 12| £14 2| +14 v
A= 2 kil 10| £13 10| £13 v
Cuutput Short Sincuit T,=25C id 25 a5 25 25 mA
Currant Toarar 2 Ta 2 Tappan 10 40 ma
Caormman-Maoda Toarar 2 Ta 2 Tappan
Asjection Ratic Az = 10 k3, Vo = 212V 70 an TOO| 90 dE
Az = BOLL, Vo = 212V &a a5 dE
Supply Woltage Rejection Tarar = Ta = Tapgan,
Ratic Vg = 220V to Vg = 25V
Az = 504 86 9& dB
Az = 10 ki [ g6 77| 96 dB
Tranziant Response T = 25°C, Lnity Gain
Rize Time Q25| 08 0.3 0.3 ps
Crvarshoot &.0 20 & 5 Fa
Bandwidth (Mote &) Ta=28C 0437 1.5 MHz
Slew Rats T. = 25°C, Unity Gain 0.3 0T 0.5 05 Wips
Supply Currant Ty=25C 1.7 | 2.8 1.7 | 248 mA
FPowear Consurnption Ta=25C
Vg = 220V aa 150 iy
Vg =116V E0 | 85 &0 85 iy
LM7T414 W = 220V
Ta=Tamm 165 iy
Ta = Tauax 135 vy
L741 Vg = 218V
Ta=Tammn g0 | 100 iy
Tp., = T,qu 45 K iy

LN



uATH, pATATY

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS004B — NOVEMBER 1870 — REVISED SEFTEMBER 2000

® Short-Circuit Protection HATAIM . .. J PACKAGE
® Offset-Voltage Null Capability (TOF VIEW)
® [arge Common-Mode and Differential (y
Voltage Ranges :jg E 1 4 % :jg
® No Frequency Compensation Required OFFSET N1 [} ; 2 il
® | ow Power Consumption IN-[] 4 1] Vees
® No Latch-Up IN+[] 5 o]l ouT
® Designed to Be Interchangeable With Voo— [] & g[] OFFSET N2
Fairchild pA741 NC [} 7 gll NC
description PAT4IM . .. )G PACKAGE
WATA1C, pATAL . .. D, P, OR PW PACKAGE
The wAT41 is a general-purpose operational (TOF VIEW)
amplifier featuring offset-voltage null capability. v
The high common-mode input voltage range and OFFSET N1 [f « f ]ﬂc
the absence of latch-up make the amplifier ideal IN- [} 2 7 Vee+
for voltage-follower applications. The device is ..IN+ [z = ]O'”To
shori-circuit protected and the internal frequency Vee- [ 4 5[] OFFSET N2
compensation ensures stahility without external
com :lon_e-n:s. A low value :u:::entlnn_u-:-:er m_ayr he WATIM U PACKAGE
connected between the offset null inputs to null (TGP VIEW)
out the offset voliage as shown in Figure 2.
The wA7T41C is characterized for operation from NC ] 1 L"'J o] HC
0°C to 70°C. The pA7411 is characterized for OFFSET M1 (] 2 g|] MC
operation from —40°C to 85°C.The pAT41M is IN-[] 2 2|l Veos
characterized for operation over the full military IN=+[] 4 70 ouT
temperature range of —55°C to 125°C. Vee—[] s g|] OFFSET M2
symbol
pATA41M . . . FK PACKAGE
OFFSET M1 (TOP VIEW)
N + [~ =
>) ouT ;
1N - - i
OFFSET N2 o

PRODUCTION DATA information is cument as of publication date. Copyright @ 2000, Taxas Instruments Incorporated
Produgts conforn o specifications per the terns of Tems Instuments ."

stancland wamranty. Produrction essing does not necessanly include

testing of al pum{“ler:. i h l I EXAS

FOAaT OFFICE BOX 655303 ® DALLAA, TEXAS T52ES 1



SL05094B - NOVEMBER 1870 — REVISED SEFTEMBER 2000

electrical characteristics at specified free-air temperature, Vo4 = 15 V (unless otherwise noted)

T TEST Tof PATHIC pATAI, pATAIM T
CONDITIONS A MIMN TP MAX MIN TYF  MAX
25°C 1 i 1 5
Vio Imput offset voltage Wo=0 m
Full range 7.5 =}
AVjojad) Offsetvoltage adjustrange |V =0 25°C +15 +15 my
| N . v . 25°C 20 200 20 200 .
n curren = n
- - . Full range ano 500
. 25°C 20 500 ED 500
g Imput bias current Vip=0 nA
Full range aoo 1500
Common-mode input 25°C +12 +13 +12 +13
Vicr W
vaoltage range Full range +12 +12
R =10k0 25°C +12 +14 +12 +14
v Maximum peak output R 210k Full range +12 +12 )
O voltage swing R =2 kil 25°C +10 13 +10 13 )
RL =2 k2 Full range +10 +10
e 5 RL =22 ki 25°C 20 200 50 200
&0 Large-signa .-: ferential L = = VimV
vaoltage amplification Vo =+10V Full range 15 25
1 Input resistance 25°C 0.3 2 0.3 2 Mi2
o Ctput resistancs V=0, SeeMoteb 25°C 75 75 2
i Input capacitance 25°C 1.4 1.4 pF
Co i iecti 25°C 70 a0 70 BD
CMEE ST de rejection Vi = Vicgmin = -
ratio Full range 70 70
Supply voltage sensitivity 25°C a0 150 30 150
ks = Voo =20V i £15Y oy
Lt [AVio/avee) cC Full range 150 =l
los Short-circuit output current 25°C +25 40 25 40 A
| | v T —— 25°C 1.7 2.8 1.7 2.8 _—
C Suy current =0. Molca
c SHpRlY o Full range 33 13
_ L 25°C 50 BS 50 BS .
Pp Total power dissipation Yo =0, MNolead miy
Full range 100 100

T &ll characteristics are measured under cpen-loop conditions with zero common-maode input voltage unless otherwise specified. Full range for
the pAT41C is 0°C 1o 70°C, the pAT41] is —40°C to B5°C, and the pAT41M is —55°C o 125°C.
MOTE & This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

operating characteristics, Ve =+15V, Ty =25°C

Cp =100 pF,

Sees Figurs 1

WATAIC WATA1I, pATAIM
PARAMETER TEST CONDITIONS UMIT
MIN  TYPF MAX MIN  TYPF MAX
tr Rize tims V) =20 mV, Ry =2 ki), 0.3 0.3 ps
Ohvershoot factor Cp =100 pF, See Figure 1 A% ik
5R Slew rate at unity gain Vi =10 R =2k, 0.5 0.5 Wips
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TYPICAL CHARACTERISTICS

OPEN-LOOP SIGNAL DIFFERENTIAL

MAXIMUM PEAK OUTPUT VOLTAGE VOLTAGE AMPLIFICATION
L= Vs
FREQUEMNCY SUPPLY VOLTAGE
+20 T T T T 400 o
Vocs =15V | Vo=t10¥
= B[ Vpo_=-15V R =2k L
M Ry = 10 k2 3 o0 R 2C L
g 16 T, =35C = —
= E «E /“"’
£ i1 £3 L~
- = ]
£ 112 \‘ g 'O
o \ g:TU. ’/
E =10 ‘gé yd
a ‘11 8 E- /f
E 8 o 40 7
E .. 2§
3 O 2
3 N 2
| 4 v a 20
= N =
o 5 M =L
+
= ~_
0 [ 10
100 1k 10k 100k i 0 2 4 & 8 10 12 14 16 18 20
f— Frequency — Hz Voo + — Supply Voltage — W
Figure 6 Figure 7
OPEN-LOOP LARGE-SIGMNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
Vs
FREQUENCY
MO T
100 BRI R SRR
30 NI T
80 mini AN
. 70 TP
Sometimes need to get ~
&0 AL L
GB from frequency o ST T TN T

response

Ayp - Open-Loop Signal Differential
Violtage Amplification - dB

100 1k 10k 100k 1M 10Mm
f— Frequency — Hz



National
Semiconductor

LMP2231 Single

December 18, 2008

Micropower, 1.6V, Precision Operational Amplifier with

CMOS Inputs

General Description

The LMP2231 is a single micropower precision amplifier de-
signed for battery powered applications. The 1.6V to 5.5V
operating supply voltage range and quiescent power con-
sumption of only 16 pW extend the battery life in portable
battery operated systems. The LMP2231 is part of the
LMP® precision amplifier family. The high impedance CMOS
input makes it ideal for instrumentation and other sensor in-
terface applications.

The LMP2231 has a maximum offset of 150 pV and maximum
offset voltage drift of only 0.4 pV/°C along with low bias cur-
rent of only +20 fA. These precise specifications make the
LMP2231 a great choice for maintaining system accuracy and
long term stability.

The LMP2231 has a rail-to-rail output that swings 15 mV from
the supply voltage, which increases system dynamic range.

Features

(For Vg = 5V, Typical unless otherwise noted)

m Supply current 10 A
m Operating voltage range 1.6V to 5.5V
m Low TCVqg +0.4 pV/°C (max)
m Voo +150 pV (max)
m Input bias current 20 fA
m PSRR 120 dB
m CMRR 97 dB
m Open loop gain 120 dB
m  Gain bandwidth product 130 kHz
m Slew rate 58 V/ms
m Input voltage noise, f = 1 kHz 60 nV/vHz
m Temperature range -40°C to 125°C

oa1d ‘A9’ “tamodouaipy a|BuIS LEZZdINT



LMP2231 Single

Absolute Maximum Ratings (Note 1)

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

ESD Tolerance (Note 2)

Human Body Model 2000V
Machine Model 100V
Differential Input Voltage +300 mV
Supply Voltage (Vg = V+ - V-) 6V

V++ 0.3V, V--0.3V
—-65°C to 150°C

Voltage on Input/Output Pins
Storage Temperature Range

Junction Temperature (Note 3) 150°C
Mounting Temperature

Infrared or Convection (20 sec.) +235°C

Operating Ratings (Note 1)

Operating Temperature Range (Note 3) —40°C to 125°C

Supply Voltage (Vg = V+ - V-) 1.6V to 5.5V
Package Thermal Resistance (6,,) (Note 3)

5-Pin SOT23 160.6 °C/W
8-Pin SOIC 116.2 °C/W




5V DC Electrical Characteristics (Note 4) Unless otherwise specified, all limits guaranteed for T, =25°C,
V+=5V, V-=0V, Vo =Vo=V+2, and B_>1 MQ. Boldface limits apply at the temperature extremes.

Symbeol Parameter Conditions Min Typ Max Units
(Note 6) (Note 5) (Note 6)
Vos Input Offset Voltage +10 +150
+230 HY
TCVqs Input Offset Voltage Drift LMP2231A +0.3 +0.4
LMP2231B 0.3 125 HVIC
lias Input Bias Current 0.02 +1
+50 PA
los Input Offset Current 5 fA
CMRR Common Mode Rejection Ratio OV £V, S 4V 81 97 dB
80
PSRR Power Supply Rejection Ratio 1.6V S V+<55V 83 120
V- =0V, Vgy = 0V 83 dB
CMVR Common Mode Voltage Range CMBR = 80 dB -0.2 4.2
CMRR 2 79 dB 0.2 4.2 v
AyoL Large Signal Voltage Gain Vo =0.3Vto 4.7V 110 120
R, =10 kQ to V+/2 108 dB
Vo Output Swing High R, =10 kQ to V+/2 17 50
V,y (diiff) = 100 mV 50 s
= from either
Output Swing Low R, = 10 kQ to V+/2 17 50 rail
V(diffy = =100 mV 0
lo Output Current (Note 7) Sourcing, Vg to V- 27 30
V n(diffy = 100 mV 19
— mA
Sinking, V4 to V+ 17 22
V(diffy = =100 mV 12
Is Supply Current 10 16 uA

18




5V AC Electrical Characteristics (Note 4)  Unless otherwise specified, all limits guaranteed for T, = 25°C,
V+=5V, V-=0V, Vo, =Vy=V+2, and R > 1 MQ. Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Min Typ Max Units
(Note 6) (Note 5) | (Note 6)
- GBW Gain-Bandwidth Product C_=20pF, R =10k 130 kHz
SR Slew Rate Ay =+1 Falling Edge 33 58
32
— Vims
Rising Edge 33 48
32
—W 0 Phase Margin C_=20pF, R =10k 78 deg
G, Gain Margin C_=20pF, R =10 kQ 27 dB
8, Input-Referred Voltage Noise Density |f=1 kHz 60 nVA/Hz
Input-Referred Voltage Noise 0.1 Hzto 10 Hz 2.3 MVpp
i, Input-Referred Current Noise f=1kHz 10 ianJHz
THD+N Total Harmonic Distortion + Noise f=100 Hz, R, = 10 kQ 0.002 %




1.8V DC Electrical Characteristics (Note 4) Unless otherwise specified, all limits guaranteed for
To=25C, V+=1.8V,V-=0V, Vo=V =V+2, and R_ > 1 MQ. Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Min Typ Max Units
(Note 6) | (Note 5) | (Note 6)
Vos Input Offset Voltage +10 +230
+325 HV
TCVqg Input Offset Voltage Drift LMP2231A +0.3 +0.4
LMP2231B +0.3 125 HVIG
lgias Input Bias Current 0.02 +1.0
£50 PA
los Input Offset Current 5 fA
CMRR Common Mode Rejection Ratio OV £V, £0.8V 76 92 4B
75
PSRR Power Supply Rejection Ratio 1.6V <V+<55V a3 120
V-=0V, Vgy = 0V 83 a8
CMVR Common Mode Voltage Rang CMRR = 76 dB -0.2 1.0
CMRR 2 75 dB L L v
AyoL Large Signal Voltage Gain Vo =0.3V to 1.5V 103 120
R, =10 kQ to V+2 103 a8
Vo Output Swing High R, =10kQto V+2 12 50
V,,(diff) = 100 mV 50 U/
. from either
Output Swing Low R_ = 10 kQ to V+/2 13 50 rail
V (diff) = =100 mV 50
g Output Current (Note 7) Sourcing, Vg to V- 2.5 5
V n(diff) = 100 mV
Sinking, Vo to V+ 5 mA
V \(diffy = =100 mV 1.5
Is Supply Current 10 14 uA

15
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1.8V AC Electrical CharacteristicS (Note4) Unless otherwise is specified, all limits guaranteed for
T,=25"C,V+=18V,V-=0V, V., =V, =V+2, and R_> 1 MQ. Boldface limits apply at the temperature extremes.

Symbel Parameter Conditions Min Typ Max Units
(Note 8) | (Note 5) | (Note 6)
GBW Gain-Bandwidth Product C_=20pF, R =10kQ 127 kHz
SR Slew Rate A, =41, C_=20pF |Falling Edge 58 Vims
R =10kQ Rising Edge 48
0, Phase Margin C_=20pF, R = 10kQ 70 deg
G Gain Margin C_=20pF, R = 10kQ 25 dB
e, Input-Referred Voltage Noise Density |f=1kHz 60 nvVAHz
Input-Referred Voltage Noise 0.1 Hz to 10 Hz 2.4 WV pp

i Input-Referred Current Noise f=1kHz 10 fanHz
THD+N Total Harmonic Distortion + Noise f=100 Hz, R, = 10 kQ 0.005 %
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Naffonal 5
|_ﬂ.'iﬁmh’.ﬂﬂ§#¢‘!ﬁr_| iy Find Part y | Reset | | Bool

Parametric Catalog -

¥ | ramplifiers/Buffers/ Comparators || Getal |
] Comparators
¥ | 5 operational Amplifiers || Getan |
|| General Purpose
|| High ©utput Power = 100mA
|| High Speed = S0MHz
| ] Low Moise < 13mvfrHz
| JLow Power < 1rnA
l_‘l Low YWaltage = 3,320
|| Micropower < Z00uA
|| Precision < 1mW
|| Rail to Rail Input
|_]Analog Multiplexers, Crosspoint Switches
| | Butfers
|_] Fully Differential

|| Wariable Gain Arnplifiers



Low Voltage < 3.3V (111/111)

Search Panel

annels) | | Supply Current Per Channel (mA) |  PowerWise Rating 2 (uA/MHz)  Slew Rate (Volts fusec) | | Offset Yoltage max, 25C (m¥) | Max Input Bias Current (nA) | | Input OutputType Price (1K Us§)* Packaging
] 56 <] 2= a6 | 5400 < <= s400 | 940 <] <= a4n | 10 <) «= 10 30000 < == z000( [V] Mot Rail to Rail 55 < «=[s55 | [ cerore
] == 0,000 >=1.8 == 0,004 (6o ) (g ) ] R-R In and Out »=0.24¢| |4 DIE
] wern b -, e ] L
== ooooss o 22 18 g = ooosr 4] 2= o005 0.00002 (V] vern ta -, Re, | D246 o) 2] | W] mDIP
“ 1 [ |
Part Supply Min Supply Max Gain Bandwidth Channels Supply Current PowerWise Slew Rate Offset Yoltage Max Input Input Price (1K US§)* Packaging
(¥olt) (Wolt) (MHz) (Channels) Per Channel Rating 2 [Wolts fusec) mazx, 25C (m¥) | Bias Current & DutputType
(A} (uA /MHz) (nA)
LMPF721 1.2 k) 17 1 1.3 FE.5 10.5 0,15 0.00o00z2 Wi to W-, Mot R 4, 9500 SOIC MARROW
1.6 k=) 0,13 i 0,016 1z3 0042 0,15 0,001 Wern to V-, R-ROC 1,4000[0,9500 0 SOIC HARROW |[SOT
LMP2016 2.7 3 3 2 0,93 210 4 0,003 o003 e to W, R-ROG 1.5000 MIMI SOIC|S0IC MAl
LMP2015 2.7 S| i<} 1 0,93 310 4 0,005 0,003 e to W-, R-ROG 1.1000 SOIC MARROW|SOT
LMC6 432 1.2 11 0.01 2 0.00095 93 0.0041 3|7 o004 e to W-, R-ROG 1.0z00 MDIP|SOIC HARROW
LMY2011 27 =) a2 1 0,932 210 4 0.025 0,005 Wiemn to W, R-ROG 0.9500 SOIC MARROW|SOT-
LMP2011 2.7 =) a2 1 0,932 210 4 0.025 0.00s Wiemn o W-, R-ROG 1.0500 SOIC MARROW|SCT-
LMP2014MT 2.7 5 2 4 0,92 210 4 0,023 0,005 Wern to -, R-ROC 2,1000 TEE0OP
LMP2012 2.7 3 3 2 0,93 310 4 0,025 0,003 e to W, R-ROG 1.3300 MIMI SOIC|SOIC MAl
LP¥331 2.7 S| 4.6 1 0,423 Q2.4 463 4.5 0.01 e to W-, R-ROG 0.4500 TSOT
LMYE32 2.7 s 23 2 0.24 7z bl 1 0.01 e to W-, R-ROG 0,700 MIMI SOIC
LMvE31 27 gk 3 1 0.25 7z 2 1 0.01 Wiemn to W, R-ROG 0.5500 SC-70
LMCGS572 27 io 0.22 2 0,038 172.7 n.09 2|7 0,01 Wern to -, R-ROC 0,5910|0.7FE0 SOIC MARROW
LMCES37 4 2.7 i0 0,22 4 o.0zs 1727 .02 3|7 .01 wiern to W-, R-Ro0 1,9400(|1, 2000 SOIC HARROW
LMCF111 2.7 11 0,035 1 0,023 =1u]u} onz7 7 0.0z F-R In and Cut 0,4450 SOT-23
LMW¥7Fa1 1.8 S| 17 1 1.15 67,6 2.3 algicks] 0025 e to W-, R-ROG 0.5000 TSOT
LMV¥3I01 1.2 =) 1 1 0163 163 066 a2 0.0s Wiemn to W, R-ROG 0,200 SC-70
LMPF701 2.7 1z 2.5 1 0,715 286 1 n.z 0.0s R-R In and Cut 1.0500 SOT-22
LMPF700 27 iz 14 4 0.75 53.68 5.6 0,15 0.05 F-R In and Cut 2,4500 TES0OP
LMPFFO7 2.7 iz 14 1 0.73 =) e 013 .09 F-F In and Cut 1.1500 SOT-23
LMCE101 2.7 i0 1 1 0.7 Foo 1 =] 0064 F-R In and Cut 0.4560 MIMI SOIC|MICRC 5
LMCF101 2.7 13.5 1.1 1 0.3 454,53 1.1 3|7 0064 F-R In and Cut 0.3900[0.3290 S0T-23




LMHGG60 1
LMPF713
LMY751
LMY7 a7
LMY 726
LMy7Faq
LMy703
LMy 7 a2
LMVWFFq
LMY7FF2
LMW771
LMPF7F11
LMPF718
LM¥7 10
LMPF712
LMPFF17
LMPF716
LMW7F12
LM¥716
LMC6404
LMC 6492
LMy342
LMyg41

LMvg44

Supply Min
(¥olt)

2.4
1.5
2.7

1.2

Supply Max
(volt)

5.5
5.5

5.5

5.5

15.5
15.5
1z
1z

iz

Gain Bandwidth
[MHz)

125
17
L
17
17
a8
ag

17

2.5
17

ag

17
a8

17

Channels
[Channels)

Supply Current
Per Channel
(ma)

EN-)
1.15
0.&

1.2

PowerWise

Rating 2
(ua /MHz)

38,4
E7.6
120

Fe.S

131
121
FE.5
171.4
171.4
171.4
E7.6
14.2
2324
FE.3
1z
FE.S
234
320
22322
jekelc ]
226.7
2Z26.7

226.7

Slew Rate
[Volts fusec)

273
9.5
2.3
9.5
9.5
e
e

9.3

Dffset Voltage
max, 25C (m¥)

2.4

Max Input
Bias Current &

mA)
0.1
0.1
0.1

0.1

Input
DutputType

Wern o V-, R-ROC
Yern to V-, R-ROG
Wern to V-, R-ROC
Wern o V-, R-ROC
Yern to V-, R-ROG
Wern to Ve, R-R G
Vern to W-, R-ROC
Wern o V-, R-ROC
Wern to Ve, R-R G
Vern ta W-, R-ROC
Wern to V-, R-ROC
Yern to V-, R-ROG
Wern to V-, R-ROC
F-R In and Cut
Yern to V-, R-ROG
Wern to Ve, R-R G
Vern to W-, R-ROC
F-F In and Cut
Yern to V-, R-ROG
R-R In and COut
F-F In and Cut
F-F In and Out
R-F In and Cut

F-R In and Cut

Price(1K U5$)*

0.8500[0,6500
0.8000
0.7900
0.6300
0.4500
0.2000]
0.6500
0.6700
0.9000
0.7100
0.5100
0.8000
1.2500
0.4490
1.2500
0.8500

1.1500[1,4500

Packaging

SC-70
SOT-23
SOT-23

MIMI SOIC
SOT-23
MINI SOIC|SOIC Ne
SOIC MARRCW |[SOT
MINI SOIC
TSESOP
MINI SOIC|SOIC N
SC-70
TSOT
MINI SOIC|SOIC N
SOT-232
MINI SCIC
S0IC MARROW |S0T

MINI 50IC

0,6200|0,7500]0 LLP|MINI SOIC|MIC

0.43500
1.2600(2,8600
1,0000(1,2500

1.13500

0.7000

1.2000

MINI SOIC
SOIC NARROW
SOIC MARROW

MINI SOIC

SC-70

TSSOP|S0IC MARRL



Part

LM¥3244

LM¥241

LMW¥342

LMPFFO2

LMP7704

LMWE54

LMWE52

LMYEG2

LMVE61

LMWES1

LP¥511

L4250

LP324

LM10

LMW¥551

LM¥3534

LMW¥552

LPZonz

LMWa34

Lk¥o31

LMY¥ag2

LMY¥032

LM432

LMVog1

Supply Min
(¥olt)

2.7

27
2.7
2.7

2.7

1.1
2.7

2.7

1.s
1.3
1.2

2.5

Supply Max
(¥olt)

5.5
5.5
5.5
1z
iz
5.5
5.5

5.5

1z
36
3z

7145
5.5

5.0

5.5

5.5

1e

Gain Bandwidth
[MHZ)

20
30
B
0.027
0.25
0.1
0,09]0,05
3
3

1.5
1.5

1.5

Channels
[Channels)

BRI R R

Supply Current
Per Channel
(maA)

0,107
0.107
0.107
0.75
0,725
0,41
0.41
2,25
2,25
0.41
0.00097
0.01
0.02125
0.28|0.27|0.3
0,027
0,027
0,037
0.02125
0.116
0,116
0,116
0,116
0,075

0.11e

PowerWise
Rating 2
(uA /MHz)

107
107
107
200
230
51.3
51,3
75
75
51,3
18.7
40
212.5
3111.1|5400(33
12,3
12,3
12,3
212.5
773
77.3
77.3
77,3
75

FEZ

Slew Rate
(Wolts fusec)

4.5
4.5
iz

iz

0.0077
0.z
0,05

0.2

0.42
0.4z
0.4z

0.5

Offset Yoltage
max, 25C (mVY)

0,22

022

HoR R

5.5

5.5

Max Input
Bias Current 4
nA)

0,275

0.275

0.275
0.4
0.4
0.5
0.5

0.5

20
20
30]40
28
28
38
40
s0
50
50
50
S0

50

Input
DutputType

wern to V-, R-ROG
Yern ko W-, R-ROC
Yo to W=, R-R(
F-F In and Cut
F-F In and Cut
Wern to V-, R-ROG
Wern to W-, R-ROG
Wern o V-, R-ROG
Yern ko W-, R-ROC
Yo to W=, R-R(
F-F In and Cut
Mot Rail to Rail
Wern to V-, Mot R
Wern to W-, R-ROG
Wern o V-, R-ROG
wern to V-, R-ROG
Yern ko W-, R-ROC
Wern to W=, Mot R
F-F In and Cut
F-F In and Cut
F-F In and Cut
F-F In and Cut
wern to V-, Mot R

R-R In and Qut

Prica(1K US$)*

Packaging

0,4220|0.4400  TSSOP|SOIC NARRO|

0.2120
0.4090(|0,3930
1.4000
1.9000
i.z2000
0.9000
0.,9500
0.e700
0.ez00
0.4500
0.4380|0.4660

0,53790|0,4850

SC-70
MINI SOIC|SOIC Mal
MIMI SOIC
TS50P
TS50P
MINI SOIC
MINI SOIC
SC-70
SC-70
SC-70
MDIF|SOIC HARRCW

MDIF|TSSOP|SOIC b

1,3200|55,0000 To-S|MOIP|SCIC Wil

0.4500
0.7900
0.5900

0,5380|0,.5690

[=1

0.4200
0.5820
0.5z200
0.4700

0.5800(|0,2900

SC-7O0|g0T-23
TSE0R
MINI SOIC

MDIP|SOIC MARRCW

LE490| 06310 | TSSOR|S0OIC MARRO

SC-TO|SOT-23
MINI SCOIC
MINI SOIC|S0IC MAI
SOIC MARR W

SC-F0|SOT-22|MICF




LPW3221
LP¥W338
LPW324
LM¥051
LM¥E31
LM¥652
LM¥641
LMyg21
LMya24
LMvg22
LM77 301
LM¥E34
LME132
LM6134
LM¥F21
LMy722
LM¥358
LM¥321
LMy324
L6144
LMG6142
LM6 134
LME152
LM¥116
LMV 118
LME261
LME272
LME262Z
LMHG6 44
LMHGB6 29
LMHG6 43
LMHB642
LMHG6 47
LMHGB6 46
LMHG6 45
LMHBG6E2
LMHG658
LMHB657

LMHGB683

Supply Min
(Volt)

2.7
2.7
2.7
0.9
2.7
2.7
2.7
2.5
2.5
2.5
2.2
2.7

2.7
2.2
2.2
2.7

2.7
1.8
1.2
2.7
2.7
2.7
2.7

2.3

Supply Max
(Wolt)

5.5
5.5
1z
5.5
5.5
5.5
20
5.5
24
24
5.5
5.5
5.5

5.5
24
24
24
24
12
1z
30
z4
22
12.8
1z
12.8
12.8
1z
1z
1z
1z
1z
1z

iz

Gain Bandwidth
[MHz)

0,152

0,152

0,152
2.8
1z
1z
1o
5.6
5.6
-

4

1z
i0
1o
1o
io

17
17
75
75
45
45
21
13
21
130
130
130
130
55
55
55
130
270
270

120

Channels
[(Channels)

L T S T O N N S R O R T

B R BB

Supply Current
Per Channel

(mA)
0.009
0.0o07
0.0075
0,27
o1l
o011
0,158
0.2
0,25
0,23
0.&

0,119

0,26
1.03
0.9

0,105

0,1025
0eS
0LES
1.4
1.4
0.6
0.6

2.7
0,725
0,725
0,725

E.5

PowerWise

Rating 2
{uA /MHz)

59.2
46.1
49.3
1321
92
9.2
15.8

28.5
44,6
150
9.2
26
26
103
Elnl
103
1z0
102.5
38.2
38,2
1.8
1.2
1z.2
12.2
46,2
£9.2
S0
z20.2
135.8
z20.2
20,8
13.2
i3.z2
13.2
1s.1
22,2
22,2

ig.1

Slew Rate
(Wolts fusec)

o1

o1

o1

1.4

2.8

2.8

1.6

1.25

3.2

14

14

5,235

5.25

23

25

30

20

40

40

1z

iz

1z

135

172

135

123

22

22

22

940

J0oo

Foo

240

Offset Voltage
max, 25C (mW¥)

2.8
1.5
1.5
0.3
2.5
2.5

=)

1.5

I

216

2.5/1
2.5/1

5|z

Max Input
Bias Current 4

(na)
&0
60
&0
25
100
100
105
150
150
150
250
300
350|200
350|200
400
400
500
s00
500
526
-1
1500
1500
2200
2200
2700
2700
2700
3250
3250
3250
3250
4000
4000
4000
30000
30000
30000

30000

Input
DutputType

Wern ko V-, R-ROC
Wern ko V-, R-RC
“ern ko V-, R-ROC
R-R In and Cut
o ke V-, R-ROG
Wern ko V-, R-ROC
Wern ko V-, R-RC
Mern to V-, R-ROC
Wern ko V-, R-ROC
o ke V-, R-ROG
R-R. In and Cut
Wern ko V-, R-RC
R-R. In and Cut
R-R In and Cut
Wern to V-, R-ROG
Wern ko W-, R-ROC
Wern ko V-, R-RC
“ern ko V-, R-ROC
Wern ko V-, R-ROC
R-R In and Cut
R-R. In and Cut
R-R In and Cut
F-F In and Out
Wern ko V-, R-ROC
“ern ko V-, R-ROC
F-R In and Cut
F-R In and Cut
F-R In and Cut
Wern to W-, R-ROC
Wern ko V- R-ROC
Wern to W-, R-ROC
Wern ko V- R-ROC
F-F In and Out
F-R In and Cut
F-F In and Out
Wern ko V-, Mot R
Wern to W-, Mot R
Wern ko V-, Mot R

Wern to W-, Mot R

Price{1K U5$)*

0.2100
0.33960
0.4260
0.5200
0.4300
0.5900
06200
0.4100
0.5200
0.3000
0.2420
0.3500

1,6000]1, 2500

1.8200(1.7100]:

0.4820
0.£100
03000

0.2480|0.2570
0.4320|0.3520
2,9400(3, 8300
z.2100(12.£000
z.8600
1.4900]1. 8500
0.5600
0.5800
0.9540
1.z000
1.0500
1.z000]
0.7000]
0.7300
0.6600
0.7100
1.0500]
0.7100
0.8900
0.9500
0.7500

1.2400

Packaging

SC-70|S0T-23
MINI SOIC|SOIC MAl
TSSOP|S0IC NARRD

TSOT
SC-70
MINI 01
SOIC NARRCW|SC-7

SC-70|50T-23
TSSOR|S0IC NARROD
MINI SOIC|SOIC Mal
SOIC NARRCW|S0T

T550P
MDIP|S0IC NARROW
MDIP|SOIC MARROU

8C-70|50T-23
MINI SOIC|S0IC MAI
MINI SOIC|SOIC MAl

$C-70|S0T-23
TSSOR|S0IC NARROD
MDIP|SOIC MARROW
MDIP|CERDIP|SOIC

SOIC MARFOW

SOIC MARROW

S0T-23

50T-23

S0T-23

MINI SO1C

MINI S$01C
TSSOP|S0IC NARRD
SOIC NARRCW|S0T
MINI SOIC|SOIC Al
SOIC NARRCW|S0T
SOIC NARRCW|SOT
MINI SOIC|SOIC NA
SOIC NARRCW|SOT
MINI SOIC|SOIC NA
MINI SOIC|SOIC Al

SC-70|50T-23

TSSOP[S0IC HARRO



High Qutput Power = 100mA (25/25)

Search Panel

(MHz)  |Supply Max (Volt) | |Supply Min (Volt) Supply Current Per Channel (mA) | PowerWise Rating 2 (uA /MHz) | Slew Rate (Volts fusec) Input OutputType Max Input Bias Current (nA) | | Price(1K US$)* Packaging
1| se »= N 20 ) <=|20 || 70 €] <=|70 | 16666.7 7] <= 1e6ee 3600 7| <= 3600 (V] Mot il to Rail | (14000 <] <= 1400( 78.7 <] <= 78,7 | ||[¥] CERDIP
] - — o [o.78 | - TOWR =B ¥ R-R In and Cut (& ) o paas | cERPAC
[¥] wern to v, Mo ¥ D1
= 5 < 2.4 oye 4y = 149 4 = 2 =) (V] wern £2 -, R 0.1 n44s 2] V] 1soLa
4 ] [ J
Part Dutput Dffset Yoltage  Gain Bandwidth Supply Max Supply Min Supply Current PowerWise Slew Rate Input Max Input Bias | Price(1K US$)* Packaging
Current (MA) ¥ | max, 25C (mY) (MHz) (Volt) (Volt) Per Channel Rating 2 (Molts /usec) OutputType Current (nA)
(mA) (uA /MHz)
LM7 372 150 2 120 36 9 .5 14.2 2000 Mot Rail to Rail 1zo00 1.9800 PSOP|SOIC HARROCY
LM1877 1000 13 3 26 ] 12,5 2300 2 Mot Rail to Rail a0 06150 SOIC WIDE
&000 i0 g 24 20 30 37350 i1 Mot Rail to Rail 1000 34300 ISOLATED TOZZ20
11500 10 S g4 13 S0 166667 132 Mot Rail to Rail 1000 34300 TCO-220|ISOLATED T
LM4765 2500 pi=} 7.5 &4 iz 25 3333.2 iz Mot Rail to Rail SO0 25000 TO-220
LMG171 1335 e 100 34 3.9 ] 136 2e00 Mot Rail to Rail 4000 1.4500(1.1900  MDIP|SOIC NARROW
LMG172 85 1.5]z io0 26 5.5 2.2 14.4 2000 Mot Rail to Rail 4000 F8.7000[1, 7000 MODIP|CERDIP|SOIC
LMG181 1z0 =) 100 3z 7 ok 62,5 1400 Mot Rail ta Rail S000 1.2400 MDIP|SOIC HARR O
LMG384 73 4 15.4 13 3 0.7 S0e 13 F-F In and Cut Fooo 1.2400 TSSOP|SOIC MARRC
LMG588 230 4 15.4 16 =) 0.2 S 15 R-R In and Cut Fooo 1.1500 TSSOP|SOIC MARROD
LMGF3 4000 i0 3.9 &0 i0 1g I2T2T g Mot Rail to Rail 2000 2,7500 To-220
L7332 100 4 20 32 i) 1.2 &0 13,2 R-R In and Sut 1000 1.2000 MINI SOIC|SOIC Mal d
LM1875 4000 13 3.9 &0 16 Fo 127273 g Mot Rail to Rail 2000 1.6600 T-220 ]
L8261 53 S 21 30 i) 0,97 46,2 iz R-F In and Sut 2700 0,9540 SOT-232
LMB262 &0 7 21 22 EZNS| 1.05 a0 1z F-F In and Cut 2700 1.0500 MINI SOIC
LMg272 io0 = iz 24 2.5 0.9 69,2 iz R-R In and Cut 2700 1.z000 FIMNI SOIC
LMHG60 1 150 2.4 123 9.3 2.4 =N 28,4 273 “Werm ko W-, R-ROC 0.1 0.8500[0.6500 SiC-T0
LMHGG3D 1e0 = 190 iz 2 e i5.2 172 Weorn o W-, R-ROC 3230 0,7000] SOIC NARROW |SOT-
LMHG6 40 110 1 B2 1e 4.5 4 21.1 170 “Werm ko W-, R-ROC 2500 1.1500 S0T-23
LMHG642 115 = izo iz.2 2.7 2.7 20,2 125 Weorn o W-, R-ROC 3230 0. ee00 SOIC MARROW |[SOT-
LMHG6643 115 =) 120 1z.2 2.7 2.7 20,2 135 Wierm ko W-, R-ROC 2250 07900 MINI SOIC|SOIC Mal
LMHGG 44 113 3 130 1iz.8 2.7 2.7 208 133 Werm ko V-, R-ROG 2250 1.3000] TSSOP|SOIC MARRC
LMHGBGF2 200 5.5 120 1z =) 6.2 24,4 170 Wierm ko W-, Mot R 14000 1.6000 PSOP|SOIC HARROY
LMW¥F10 40 3 3 =1 2.7 1.17 234 3 F-F In and Cut 01 04490 SOT-23
THALTS 22 2 2 a2'2 ' T 34 2 B-B IV SUq Onf Tz o'esoo|o x200i MMe|WIKI SOIC|WICI|V



General Purpose (55/55)

Search Panel

w Rate [(Volts fusec) | Supply Min (¥olt) Supply Max (¥Volt) Offset Yoltage max, 25C (m¥) | |Supply Current Per Channel (mA) | | PowerWise Rating 2 (uA/MHz) | Max Input Bias Current (nA) |  Price(1K US$)* Packaging
0ol == 7o 12 o] == 1z 45 == 5.5 15 =] == 15 12,5 ] <= 1z5 5400 <] == 5400 30000 <] <= 30000 55 <] <=|55 V| cerDIP
—— - - - — P - ——1 |[¥]

~= 0,05 [ G ] [ @ | [ G ) ~= 001 == 29,2 [ @ ] = g1 CERPACK
|¥] p1E
L [ @ | L. L. [ @ ) L. [ @a | L. | Ga |
15 —— 1.1 55 < 0.4 0,01 < — 29,2 ] — 0,01 0212 < — | V] Lee

Part Gain Channeals Input Slew Rate Supply Min Supply Max Offset Woltage | Supply Current PowerWise Max Input Bias | Price (1K US§)* Packaging
Bandwidth ¥ [Channels) DOutputType (Wolts fusec) (¥olt) (¥Wolt) max, 25C (m¥) Per Channel Rating 2 Current (nA)
(MHz) (mA) [uA/MHz)

LM348 1 4 Mot Rail to Rail 0.5 10 o1 B o0& 00 400 04220 MDIP|SOIC MARR Cw| *

LF156 = 1 Wern to W+, Mot B 1z 10 EL =] =] 1000 S0 4,0300]14.4000 Ti-99

LF256 = 1 Wern to W+, Mot B 1z 10 EL =] =] 1000 S| 4,.0300 Ti-99

LF347 4 4 Wern to W+, Mot B 13 = 36 10]5 1.8 450 g 0,9220|0.8320[0 MDIP|SOIC HARROW

LF353 4 2 Wern to W+, Mot B 13 10 36 1o 1.8 450 g 0,3860[0.4100 MDIP|SOIC HARROW

LF356 = 1 Wern to W+, Mot B 1z 10 36 1o =] 1000 g 0,3490|0,3630]« MDIP|SOIC HARROW =

LF411 4 1 Mot Rail to Rail 13 10 44|36 0,451 1.8 450 3|4 2,8500]29.9000 MODIP|CERDIP|CERFP )

LF412 4 2 Mot Rail to Rail 13 10 FE|45 31 1.2 430 S0 14,7000(5.4000 To-S|MOIP|CERDIP]

LM10 0.09|0.05 1 Wern to W-, R-ROG 0.z 1.1 7|43 2|4 0,28[0,27[0.3  3111.1|S5400]33 z0]40 1,3200]55.0000  To-S|MDIP|SOIC W
LMi01A 1 1 Wern bo W, Mok B 0.5 10 44 2 1.2 iz00 100 4,4000(13,.7000 CERDIP|CERPACK|T:
LM118 15 1 Mot Rail o Rail Ell 10 40 4 4.5 200 s00 27.1000(5.1500  <CERDIP|WAFER|TO-
L1244 1 4 Wermn ko W-, Mot R 0.5 2 2z |52 o.1g iz0 |100] 200 19,5000]4.0000 CERDIP|CERPACK|L(F
Lk13700 prd 2 Mot Rail o Rail S0 i0 =1 4 1.3 &350 Fooa 0,43%0[0. 8690 MDIP|SOIC HARROW
L1458 i 2 Mot Rail o Rail 0.5 & =1 [ kst 1500 g00 0,3790[0.3330 MDIP|SOIC HARROW
LM148 0.2 4 Mot Rail to Rail (ER=) i0 |44 2 (N} [-1-1-0 32T 4,6000|&,3100|  CERDIP|WAFER|DIE
LM1358 1 2 Mot Rail to Rail (ER=) & 44 2 1.5 1500 1500 11,9000(4,0100 CERDIP|TC-99
LM158 1 2 Weorn to V-, Mot R o5 3 32 |5]z 023 230 |100]300 17.7000(4,4000 <CERDIP|CERPACK|W
LMZ01A 1 1 Wern to W+, Mot B 0.5 10 EL 2 1.8 1s00 100 3.9300 Ti-99

LM2z24 1 4 Weorn to V-, Mot R 0.5 ] 32 =] o.1s 1s0 300 4.0000 CERDIRP

LM258 1 2 Wern to W-, Mot R 0.5 3 22 =] 023 230 200 26000 Ti-99
k2902 1 4 Wern ko W-, Mot R 0.5 el 26 7 o.1g igz0 s00 0,2790|0.4290[( MDIP|TSSOP|SOIC P
Lhi2904 1 2 Wern ko W-, Mot R o1 el 26 7 025 250 s00 0,2960|0.3360] MODIP|SOIC MARROW
LM301A 1 1 Wern to W4, Mot B 0.5 10 26 k) 1.2 iz00 200 2,9300(|0.2020 MDIP|TO-99
Lhzig 15 i Mot Rail o Rail Fo i0 40 io 4.5 300 750 0,40%0[0,4250 MDIP|SOIC HARROW




Part Gain Channels Input 5lew Rate Supply Min Supply Max Dffset Yoltage | Supply Current PowerWise Max Input Bias | Price(1K US$)* Packaging

Bandwidth v [(Channels) OutputType [(Wolts fusec) (¥volt) (Wolt) max, 25C (m¥) Per Channel Rating 2 Current (nA)
(MHz) (mA) [uA /MHz)
LM321 1 1 Wiern ko W-, Mot R (=} 2 2z 7 0,45 450 s00 0.21z0 S0OT-23
LM324 1 4 Wiemn to W-, Mot R 0.5 2 2z 1217 o.1g iz0 200]|500 2,9000[0,4090]|0 TSSCOPR|MDIP|CERDII
L3 46 i.2 4 Mot Rail o Rail 0.4 el =1 & 0,035 29,2 250 0.61z20 SOIC MARR OW
LF147 4 4 e to W, Mot B 13 =1 44 =1 1.8 430 i0 10,3000(|5. 2400 CERDIP
LM358 1 prd o to W-, Mot R 0.1 ic) 32 3|7 025 230 200|500 0,2800[0,2960]] MDIP|SOIC MARROW
LM359 400 bl Mot Rail to Rail &0 =] 22 12.95 46,3 a0000 1.2500 SOIC MAR R CW
LM302 1 2 Wiern ko W-, Mot R 0.1 2 2z =) (1)5ks) S00 400 0,4520|0.5830 MDIP|SOIC MARROW
Lk4250 0,25 i Mot Rail o Rail 0.2 2 =1 & 0.01 40 20 0.4350| 0, 4660  MDIP|SOIC HARROW
LM432 1 2 Wern to V-, Mot R =} 2,3 1e 4 0,073 73 o0 0.4700 SOOI MARR W
LMG611 0.8 1 e to W, Mot R 0.7 4 36 =1 021 2626 40 0,9500]|0.8400 SOIC MARR W
LMG613 0.8 bl e to W-, Mot R 0.7 4 o1 =] 0,11z 140 40 1.5000 SOIC WIDE
0.2 4 Wiern ko W-, Mot R 0.7 4 26 =) 0,112 140 40 1.4200]| SOIC WIDE|DIE
1 1 Mot Rail o Rail 0.5 10 |44]| 26 |5|& 1.7 1700 |go0j1s00 0,2500[11,4000 MODIP|CERDIP|TO-9¢
LM7 47 a5 prd Mot Rail o Rail 0.5 id 44 =) 1.7 11333 1500 9,3000[13 7000 CERDIP|'WAFER|TO-:
LM7 48 1 1 Mot Rail to Rail 0.3 in 44 =1 1.9 1200 1500 13,1000 Tio-99
LME33 15 prd Mot Rail to Rail 7 in 36 =] e 1667 1050 0,3330[0,3130[0 MDIP|MINI SOIC|SO
LME37 23 4 Mot Rail to Rail 10 in o1 =] e 100 1050 0.57z0 SOIC MAR R CW
LME49710 55 1 Mot Rail o Rail 20 =) 24 o7 4.8 a2r.3 Tz 0,9000(|5.5000 MDIP|SOIC MARROW
LME497 20 55 prd Mot Rail o Rail 20 =) a4 0.7 S 0.9 TE 10,5000[1, 9000 MOIP|SOIC HARROW
LME497 40 o5 4 Mot Rail to Rail 20 =1 24 o7 462 g4 Tz 4,.0000 MDIP|SOIC HARROW
LMYE31 3.3 1 e o W-, R-ROG i 2.7 3.9 1 023 7z 0,01 0.3300 SC-F0
LMY E32 2.9 bl e to W-, R-RG bl 2.7 3.9 1 0,24 7z 0,01 0.7300 MINI S0IC
LMY 834 .3 4 Wiern ko W, R-ROG 2 2.7 5.5 1 0,24 73 (05t} 1.1000 TESSOP
LMYE51 a2 1 Wiermn ko W-, R-ROG 4.5 2.7 5.5 1 0,41 51.3 (05t} 0.&6200 SC-70
LhM¥g52 2 2 “ern to V-, R-ROC 4.5 2.7 5.5 1 041 S51.2 0.5 0,9000 MINI SOIC
LhMW¥854 g 4 Wern to W, R-ROC 4.5 2.7 5.5 1 0,41 51.3 0.5 1.2000 TSSCP
LhM¥861 a0 1 Wern to W, R-ROC ia 2.7 5.5 1 2,25 75 0.5 0.&700 5C-70
LMW¥862 a0 2 Wern to W, R-ROC ia 2.7 5.5 1 2,25 75 0.5 0,2500 FINI SOIC
LP2902 ol 4 Wieorn to V-, Mot R o.os 3 26 10 0,02123 212,35 40 0,5380|0,5690  MDIP|SOIC MARROW
LP324 o1 4 Wieormn to V-, Mot R o.0s ic) 3z el 0.021235 212,35 20 0,3790|0,4850 MDIP|TSSOR|SOIC P
TLOB2 4 2 “ern to W Mot F 13 10]1z 36 15 1.75 4373 = 0,4250|0,5550 MDIP|SOIC NARROW




Micropower < 200uA (36/36)

Search Panel

Voltage max, 25C (m¥) | |Max Input Bias Curvent (nA) | CMRR (dB) PSRR (dB) thannels (Channels) | | Supply Curvent Per Channel (mA) | PowerWise Rating 2 (uA/MHz) | | Price(1K US$)* Packaging
| =10 | 200 <= 300 | 120 <] <= 120 | 120 ) <= 1z0 | 4 ) <= 4 0,425 <] <= 425 500 <] <= 500 | 2.55 <) «=[2.55 | V] oIe
&= ) ) == 83 == 83 =1 == 0,000 >=|9.2 == 0,31 Ii" iz
[¥] mInI so1c
0,001 gs 4 2 gs by L2 4 LE ) ooops 4y 2 sz 4o 22 oe 4 2 sem
4 \ J
Part Supply Min Supply Max Gain Bandwidth = Offset Woltage  Max Input Bias CHMRR (dB) P5SRE (dB) channels Supply Current PowerWise Price(1K US$)* Packaging
(Volt) (Volt) (MHz) max, 25C (m¥) | Current (nA) (thannels) Per Channel Rating 2
(mA) (uh /MHz)
1.6 = 0.1z 0,15 0,001 o7 1z0 4 0,009 69,2 1.9300(2.4000] TSSOP|SOIC NARRO
LM4250 4 36 0,25 & z0 1 0,01 40 0.4380|0, 4660  MDIP|SOIC NARROW
LMCB022 4. 75 15.5 0,35 El 0.z 2 0,043 1z22.9 05720 SOIC MARRCW
LMCG024 4.75 15.5 0,25 El 0.z 4 0,04 114.2 0720 SOIC MARR O
LMCGO41 4.5 15.5 0,073 3le 0,004 1 0.014 1B86.7 1.0700|0,7580 MODIP|SOIC NARROW
LMCBO42 4.3 13.5 o1 3|6 0,004 z 0,01 100 1.1500[0, 91500 MDIP|SOIC MARROW
LMC6044 4.5 15.5 [ <113 0,004 4 0,01 100 1.1200(1,1100]: MDIP|SOIC NARROW
LMCHO61 4.5 15.5 0.1 0.35|0.8 0.004]0.1 as a5 1 0.0z 200 0.5510[0,.7200 SOIC MARR O
LMCBO62 4.5 |115.5 0.1 |0.35|0.8 |0.004]0.1 23 23 2 0.01e 1e0 1.2100(1,1300[: MDIP|SOIC MARROW
LMCG064 4.5 13.5 [ 0.35|0.8 o.004]0.1 a3 83 4 0016|002 200160 196001, 85300]: MDIP|SOIC NARRCW
LMCG442 1.2 11 0.0l 3|7 0,004 2 0.,00095 25 1.0z200 MDIP|SOIC NARRCY
LMCH462 3 15.5 0.05 3|0.5 0.005 as a5 2 0.0z 400 1.0100([1.2000]: MDIP|SOIC NARROW
LMC6464 3 13.5 0,03 3[0.5 0,003 23 23 4 0.0z 400 1.8300(|2,0200[: MDIP|SOIC MARROW
LMCB572 2.7 in 0.zz 3|7 0.0l z 0,038 1727 0,5910[0,77E0 SOIC MARRCW
LMC6574 2.7 in 0,22 3|7 0.0l 4 0.0z 1727 1.9400(1,2000 S0IC MARRCW
LMCF111 2.7 11 0.05 7 0.0z 1 0,025 s00 0.4450 S0T-23
LMP2231 1.6 =21 0.1z 0,135 0,001 7 izo 1 0,018 123 1.4000[0,9500  SOIC MNARROW|SOT
LMP2232 1.6 5.5 o1z 0,15 0,003 97 izo 2 0,014 107.7 1.4000[1,9000  MIMI SCOIC|SOIC MAI
LM346 2 26 1.z & 250 4 0.025 9.z 0.el1z0 SOIC MARR O
LM¥351 2.7 5.3 3 2 28 93 a0 1 0,027 12,2 0.4500 SC-TO[SOT-23
LMW332 2.7 =21 3 3 38 23 0 z 0,037 1z.3 0.3900 MINI SOIC
LMW5354 2.7 5.0 3 kel 38 23 20 4 0,027 1z.3 0,.7900 TS5OP
LMW6d1 2.7 iz io 0.5 0% izo 100 1 0.1582 15.2 0.ez00 SOIC MARROW |SC-7
LM¥651 2.7 5.3 1z 1.5 100 1 0,11 9.2 0.4500 SC-70
LM¥632 2.7 =i iz 1.3 io0o 2 0,11 92 0.5900 MINI SOIC
LMVYE54 2.7 5.5 iz 1.2 200 4 0,119 9.2 0.9500 TEEOP
LP2902 2 26 0.1 i0 40 4 0.02123 212.5 0.5380|0,5690 MDIP|SOIC MARROW
LP324 3 32 [ El 20 4 0,02125 212.5 0L,3790|0, 4850 MDIP|TSSOP|[SOIC
LPCGEGD B 15 0.25 z|E 0.004 4 0.04 114.2 1.1200(1. 4400 SOIC MARR W
LPCEG2Z =] 13 0,33 3E 0.004 2 0,043 122.9 1.Z000(|0,9300 SOIC MARROW
LP¥321 2.7 =) 0152 7 &0 1 0,009 59,2 0.2100 SC-FO[SOT-23
LP¥324 2.7 5 0,152 7 &0 4 0.0075 49,3 0.4860 TSSOP|SOIC MARRO
LP¥338 2.7 3 013z 7 &0 2 0,007 46,1 0.3980 MIMI SOIC|S0IC MAl
LP¥511 2.7 iz 0,027 2 1.9 1 0,00097 127 0.4500 sC-F0
LP¥521 1.6 5.3 00062 1 0,001 10z 109 1 0.0004 64,5 0.6500 SC-70
LP¥331 2.7 =) 4.5 4.3 0,01 1 0,425 e 0.4500 TSOT




Widely Varying Performance Characteristics (selected comparison)

Model Type Supply | Supply | Output | Supply GB Power | Min Max
Min Max | Curren | Current/ | (MHz | (mW) | Price | Price
(V) (V) t (mA) | Channel ) $ $
(mA)
LMP2234 | Micro- 1.6 5 5 .009 0.13 .056' 1.93 | 2.40
(quad) power
LM741 General 10 36 25 1.7 1.0 602 0.25 | 11.40
Purpose
LM3886 Power 18 84 11,500 50 3.0 | 1250002 | 3.30
LMP Low 1.6 5.1 5 .01 0.13 .018 095 | 1.40
2231 Voltage
LMH High 5 12 100 114 1500 72 1.86
6624 Speed
T Minimum  2Maximum




Nonideal Op Amp Characteristics

Critical Parameters Usually Less Critical Parameters
Gain-Bandwidth Product (GB) * DCvoltage gain, A GB=ABW
0
Offset Voltage . 3dB Bandwidth, BW

« Common Mode Rejection Ratio

Input Voltage Range (CMRR)

Output Voltage Range «  Power Supply Rejection Ratio (PSRR)

Output Saturation Current . Ry and Royr

Slew Rate « Bias Currents
 Full Power Bandwidth

 Compensation



Gain, Bandwidth and GB

A Vo —3
0 Vout
Vi —-=

20dB/ —
decade A (S) -

W
0dB >

Since GB=A, (-p)

GB
S-p

A(S)= Aq ('p) Alternatively A(S)=

Almost all op amps are designed to have a first-order response down to unity gain



Gain, Bandwidth and GB

Ao

0dB

20dB/
decade

g
pl \
A GB
Ao .
i 20dB/
: decade
i w
>
p N

Vo %
Vour
Vi —|=

Simpler expression adequate for most
applications



Gain, Bandwidth and GB

Vo %
Vour
Vi —|=
20dB/

decade

Ao

GB

W A( )=S
P

0dB \\ L
||
Macromodel of OA with Gain and BW effects A, (-p)
A(s)=—2 >
An equivalent circuit that performs same as actual device S-p
C=1
 AAAA | VOUT

R=A,GB""

N
Py
+

VA = VA VB T e = AoVB
— Useful for simulation
Component values not of concern




Macromodels of op amp that includes
effects of frequency dependent gain

Suitable for hand analysis or Matlab/Excel/C++ simulations

Va

v -,
— - AN OuT o YA
I TF . 1+ RCs
—+ —— —+
N VA VB < AoVs 1
—_ —_ C=1F R=—
S W,
| N A
Suitable for use in circuit simulators A, (S) _ 1 OS
+7



Gain, Bandwidth and GB

Effects of GB on basic circuits

: A A(S)z%
> Vour Ao S
Vin (£
¢ Vs =
v VR\/: 0dB i (g
Ri ? Pl \
K0=1+&
R1
v
Basic Noninverting o
. Closed loop GB is given b
Amplifier P J y
_ GB | _
Vi (G1+Gz) = VourG2 GBo =K, [K—o) =GB
GB
VOUTzT(\/IN-V1)
Closed loop GB for basic noninverting
Vour _ Ko BW _GB _ar(r;plifierdis quﬁ(l to the open-loop GB
A 1+sK° K, independent of K,

GB



Gain, Bandwidth and GB

Effects of GB on basic circuits

> Vour
VIN @
V-

v R

R ? ?
K,=1+22
R1

v
Basic Noninverting
Amplifier

Example: If an op amp with a GB of 5MHz is use to design a basic
noninverting amplifier with a dc gain of 10, what is the closed-loop

bandwidth?
GB _5MHz
GB, = KO.BW:KO.(?(BJ =GB =—» BW= " =
0

0
Example: If the closed-loop gain is increased, what happens to the BW?

=500KHz

BW decreases to GB/K,



Gain, Bandwidth and GB

Effects of GB on basic circuits

ouT
/
\v4 V1
V|N vV ¥ v vV K :&
R Ro 0 R,

Basic Inverting Amplifier
V1 (G1+GZ) = VOUT(32 + \/INGl

VouF%('VJ Closed loop GB is given by
_w . GB | _[ K,
VOUT — KO GBCL_ KO £1+K0] ) [1+KOJGB
VIN 1+S (1+K0)
GB
Closed loop gain +1 times closed loop
BV GB bandwidth is equal to the open-loop GB




Gain, Bandwidth and GB

Effects of GB on basic circuits

P E

v
Basic Noninverting

Amplifier

Vour

S
L —

VN AA"AY AA"AY
R1 R2

Basic Inverting Amplifier

:’]+& BW :%
R, Ko
BW :%
Vourt 1+ %1
< =Re qyy _ GB
R, 14K,

For a given gain, the BW of the BNA is larger than that of the BIA

Difference becomes significant when gain is small

In terms of resistor values, expressions are identical

In both cases, BW decreases rapidly with gain and is a serious concern about amplifiers
Only way to improve BW with these structures is to get better Op Amp



" %— >—
i v

Basic Noninverting Amplifier

R
SR
"R

Bw =5
Ky
K
A (s)= (k
1+s 2
GB

Gain, Bandwidth and GB

Summary of Effects of GB on Basic Inverting and Noninverting Amplifiers

VOUT

0dB

Vs
Vour
Vi

GB
A(S)= Bw
A

GB =A, «BW,

G
S

A(s)

Adequate model for
most applications

VIN

Vour

AMN— —ANN
R1 RZ
Basic Inverting Amplifier
KO:&
R1
BV — GB
1+K,
K
A (s)=- :
FB i (1 +KO)
GB



End of Lecture 16
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