Operational Amplifiers (OpAmps)
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Operational Amplifier
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How do/esgs\e OpAmps?
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Inverting Amplifier
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Non-Inverting Amplifier
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Non-Ing/erting Buffer
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What about a real source?
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What if I connect the two inputs?
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Input Offset Voltage?
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Input Offset Voltage Specifications

ELECTRICAL CHARACTERISTICS (V¢ =5.0V, Vgg = Gnd, Ta = 25°C, unless otherwise noted.)
LM224 LM324A I LM324 LM2902 LM2902V/INCV2902

Ch istics Symbol | Min | Typ | Max | Min | Typ | Max |[[Min. | Typ | Max [/ min Typ | Max | Min | Typ | Max | Unit

< Input Offset Voltage Vio '
= V -

(26 V for LM2902, V),
Vicr=0Vto
Vee -1.7V,

Vg=14V,Rg=0Q
@ - |20 |50 |- |20]30
_> =¥ (Note 2) - - |70 | - = 5.0

Ta = Tiow (Note 2) - - 70 | - - 5.0

- 2070} - ]20] 70
- - 10 | - - 13
- - 10 | - - 10

Average Temperature AVio/AT - 7.0 - - 7.0 30
Coefficient of Input
Offset Voltage

Ta= Thigh to Tiow
(Notes 2 and 4)

- l70 | - - 170 | - |uwec
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Effects of Input Offset Voltage
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How to fix

(\) v | \ o &W& \u\«b{)

CMPE 118- Intro. to Mechatronics



Input Bias Current
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Input Bias Current Specifications

N  aa'd

Input Offset Current o - ey el <7 5] %0 = 150 [ 50 T - 50 | 50 | nA
Ta = Thigh 0 Tiow - - 100 - — 5 — - 150 - - 200 - -- 200

(Note 2)

Average Temperature Alio/AT - 10 - - 10 300 - 10 - - 10 - 10 - pA/"'C |
Coefficient of Input
Offset Current

TA = Thigh 10 Tiow
(Notes 2 and 4)

'InputBiasCurrent? s - -90 | -150 | - -45 | -100 -
—» A= lhigh 10 Tiow = - -300 | - - =200 -

(Note 2)

N
- -90 =250 - -90 -250 nA
- - -500 - - 500

Inout Common Mode Vien
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Can We Correct for Input Bias Current
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Does this fix the bias current problem?

=505 1 -1501 s0 nA
- = |20 ] -« ~ | 200

( Input Offset Current ) o - 3.0 30 - 5.0 30

Ta = Thigh 10 Tiow o = 100 = - 75
(Note 2)

Average Temperature Alio/AT - 10 - - 10 300 - 10 - - 10 - - 10 - pA/"C |
Coefficient of Input
Offset Current

TaA = Thigh 10 Tiow
(Notes 2 and 4)

Input Bias Current B - -90 | -150 - -45 | -100 - -90 | -250 - -90 | =250 -90 | -250 nA
Ta = Thigh t0 Tiow - - -300 - - -200 - - -500 - - -500 ~ - 500
(Note 2) —

Inout Common Mode Virn ) \/
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Output Voltage Limitations
~\v (a

\g\@@ﬁ-\() \o -
\\) \‘ \\/( A \

N X \

S A

CMPE 118- Intro. to Mechatronics



Does that fix the bias current
problem?
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Output Voltage Specifications

ELECTRICAL CHARACTERISTICS (Vcc=5.0V, VEg =Gnd, Ty = 25Wmiamise noted.)

LM224 LM324A ( LM324 ) LM2902 LM2902V/NCV2902
< /-thcs Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min Typ | Max | Unit

Output Voltage—- ) VoH \%
(Ta = Thigh to Tiow)
Note 5

33|35 | - |s3]as | - <% - |33|35 | - |33] 3

Vec =30V 26 - - 26 - — 26 - 22 - - 22 - -
(26 V for LM2902, V),
R = 2.0 kQ
Vee =30V 27 28 - 27 28 - 27 % - 23 24 - 23 24 -
(26 V for LM2902, V),
RL =10 kQ

o

{ Output Voltage — w ~ |50 |2 |~ ]s50] 2 |- 20)] - | 50 | 100 | - | 50 [ 100 (mv}

VCC =5.0V,

R, = 10 k€,

TA = Thigh to Tiow
(Note 5)

VCC =5.0 V, RL =
2.0k, Tp=25°C
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The Importance of Test Conditions
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- %%’V N Crvd
A Comparisofi of Spme O pS
/A —
Parameter LM324 LM6144 LMC6484 | LMC6494
Input Offset Voltage mV 3.3mV 3.7mV 6.8mV
Input Bias Current 250nA 526nA 4pA 200pA
Input Offset Current — |50nA 80nA 2PA 100pA &~

Output Voltage Hi @10K QQ 45/ 3.5V & | 4.87V
Output Voltage Lo @10K Q | | 0.02V 0.05V

Output Voltage Hi @2K Q 3V 4.8V 4.7V 4.7V

Output Voltage Lo @2K Q 0.13 0.24V 0.24V
Output Voltage Hi @600 Q 4.24V 4.24V
Output Voltage Lo @600 Q 0.65V 0.65V

Unity Gain Bandwidth \| 1IMHz 6MHz 1.5MHz 1.5MHz
Slew Rate 0.42V/uS |11V/uS 0.63V/uS 0.5V/uS
Input Common Mode Range |0-3.5V 0-5V 0-5V 0-5V

Cost @ 1k | [$0.088 ] [[52.80 $1.39 $1.59 1
Temperature Range 0°—-70° C |{40° —85° C | -40° —85° C i0° —125°C

EE— —_— —

————

CMPE 118- Intro. to Mechatronics



What is this?
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The Comparator
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How might you use it?
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Implementing Hysteresis

input

450 — — ——— - high threshold
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How does this work? «
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Eliminating the separate Vref?
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What is going on?
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Inverting Comparator Design

Procedure (1.3) Cukbik vt

\/A,\,? \U\u \‘\N\m\«.}\*
DV = v/-\\-vlh.
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Inverting Comparator Design
Procedure (2.3)

\IM = \.(}S '\~ri/, /uc,\,-}@ \sVv
- vV G
U= L3253 I o~
>~ LM339
_ 0|51 — -
\ ML
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The Non-Inverting Configuration
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