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Differential and single-ended amplifier

2.3 Building Blocks
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Current-feedback Operational Amplifier
Difference Amplifier

Instrumentation Amplifier

Switched Capacitors

Voltage Buffer

2.4 dc Amplifiers
Single-ended dc Amplifier
* Inverting amplifier

* Noninverting amplifier

Differential-input dc Amplifier

Fully Differential dc Amplifier

2.5 ac Amplifiers
Single-ended ac Amplifier
Differential-input ac Amplifier

Fully Differential ac Amplifier

2.6 Composite Amplifiers

Cascaded Amplifier
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Feedback Composite Amplifier

Parallel Amplifier

2.7 Programmable-gain Amplifiers
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FIGURE 2.9 («) Positive : ative ack :
SRR, ve and negative feedback around an op amp; (b) equivalent
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. GURE 2.11 Amplifier based on (a) a current-feedback operational amplifier (CFA);

(b) equivalent block diagram.
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FIGURE 2.10 Current-feedback operational amplifiers (CFAs). (a) Symbol; (b) basic

internal structure.



FIGURE 2.12 Difference amplifier (DA) consisting of an integrated op amp and 2a
resistor network.
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FIGURE 2.13 (a) Symbol and () gain amplitude for common instrumentation ampli-
fiers.

TABLE 2.1 Basic Parameters of Some Instrumentation Amplifiers®

v, AVie/]AT 8 AL,JAT e eaic CMRR ¥ Iy

(V) (nV/°C) (nA) (pA/ C) (%) (%) (dB) (kHz) (us)
AD620A 34 0.3 0.5 3 0.15 0.0001 130 120 15
AD623A 27 0.1 17 25 0.1 0.0005 110 10 20°
ADG624A 250° 2.5% 500 50 0.25° 0.005° 100 150 15
AD625A 90 30 30 50 0.035 0.005° 105 150 15
AD626A 50 | — P 0.25 0.01 90 100 24
AMPO2F 60 91 4 250 0.5° 0.006 115 200 10
INAI01HP 130 2.2 15 200 0.115 0.003¢ 105 25 50
INA103KP 42 1.2 8000 4% 10* 0.07 0.0006¢ 129 800 3.5
INA110KP 110 2.2 0.02 —* 0.02 0.004¢ 110 470 4
INAIL1AP 205 2.2 0.002 = 0.15 0.001¢ 115 450 4
INA114AP 25.3 1.1 0.5 8 0.05 0.0005¢ 110 10 120
INAI3IAP 25 0.25 0.5 8 0.01 = 110 70 100
LTC1100C 1 0.005 0.0025 — 0.01 0.0003 110 18 e
PGA202KP 550 13.2 0.01 i 0.05 0.002 120 1000 2

*Values are typical, unless otherwise noted, at 25°C ambient temperature when supplied at 15V or £5V, but other measurement conditions are not necessarily the
same. V;, corresponds to G = 100, and has been calculated from data sheets; e; and e, are, respectively, the gain error and gain nonlinearity error for G = 100; the
CMRR is that at 60 Hz; £, is the —3dB frequency for G = I; and ty, is the settling time to 0.01%.

®Denotes maximal values.

“For G = 10.

4Percent of the full-scale output.

“Bias current doubles ever 10°C temperature increase.



TABLE 2.2 Relevant Data for Some dc Precision Op Amps"

AV, /AL
Aw St v, AV, /AT  Avg Iy I ALJAT
Min. Min. Max. Max. (uV/ Max. Max. Max.
(x10%) (MHz) (uV) (uV/°C) month) (pA) (pA) (pA/°C)
Bipolar
AD705 04 08 25 0.6 0.3 100 100 0.4
AD707 8 0.5 15 0.1 0.2 1000 1000 25
MAX400 0.5 0.4 15 0.3 1.0 2000 2000 25
MAX410 06 28 250 I — 15x 100 8x10° —
OP07 02 04 75 1.3 1.0 3000 2800 50
OP77 2 0.4 60 0.6 0.2 2800 2800 35
0oP97 0.2 0.4 75 2.0 0.3 150 150 7.5
OP177A 5 0.4 10 0.3 0.2 2000 1500 25
OPAILTIG 2 0.4 60 1.2 0.4 2800 2800 60
TLE2027C 5 7 100 | I 9% 10° 9x10t -t
Bifet
ADS47L 0.1 1.0 250 I o 25 15 £
AD645C 0.6 2.0 250 1 3 0.5 £
AD795K 0.3 1.6 250 3 — I 0.5 -
OPAI111SM 0.6 2 500 5 = 2 1.5
OPA627BM 06 16 100 0.8 5 5 3
Chopper
ICL7650 1 2.0 5 0.1 0.1 10 5 4
LTC1052 I 1.2 5 0.05 0.1 30 30 b
LTC1150C 10 2.5 5 0.05 0.05 100 200
LTCI152 0.6 I 10 0.1 0.05 100 200
MAX420 06 05 10 0.05 0.1 100 200 !
MAX430 06 05 10 0.05 0.1 100 200 =
TLC2652AC 6 1.9 1 0.03 0.02 4 2 g
TLC2654C 1 1.9 20 0.05 0.02 50 30 sl
TSC911B 0.6 1.5 30 0.25 — 120 40 —
Self-calibrating
TLC4502 0.2 47" 100 1" — 1" 1" -

*Values are at 25°C ambient temperature when supplied at £15V, except for the MAX410 and
some chopper models (£5 V). Other measurement conditions are not necessarily the same.

Iy remains constant up to 75°C.
“Doubles every 10°C above the temperature reached after Smin of operation at 25°C.
9Doubles ever 10°C.
“Temperature has a different effect on /, and 1,
r!., doubles every 10°C above about 60°C.
Ef, remains almost constant up to 85°C.
h'1')(pical value.

(b)

FIGURE 2.15 (a) Inverting dc amplifier: (b) its error sources. “
FIGURE 2.17 (a) Noninverting dc¢ amplifier; (b) its error sources.
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FIGURE 2.18 Noninverting amplifier implemented with an integrated difference
amplifier.
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FIGURE 2.19 Differential amplifier for dc signals based on an instrumentation

amplifier.

FIGURE 2.20 Differential amplifier with variable gain for dc signals.
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FIGURE 2.21 (a) Differential amplifier for dc signals based on an op amp and feed-
back resistors. (b) Circuit to extend the common-mode range of the previous differential

amplifier.
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FIGURE 2.22 Differential amplifier for signals with large common-mode voltage
based on the floating capacitor.

FIGURE 2.23 Differential amplifier based on two op amps.
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FIGURE 2.24 Fully differential amplifiers built from (a) two instrumentation ampli-
fiers, (b) two op amps.
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FIGURE 2.25 (a) Ac amplifier based on
network; () its frequency response.

preceding a dc amplifier by an ac-coupling



TABLE 2.3 Relevant Data for Some Op Amps with Good ac Performance®

GBP Slew Rate Settling Time® Comments
(MHz) (V/us) (ns)
Bipolar
ADS817 50 350 70
AD844 60 2000 (100) CFA
EL2020C 50 500 90
EL2165C 30 500 110 CFA
HA2500 12 30 (330)
HAS5004 100 1200 (50) CFA
LM318 15 50 (1000)
LM6181 100 2000 (50) CFA
LM6313 35 250 (200)
LM7171 220 4100 —
LT1220C 45 200 (90)
LT1222C 350 200 (90) G>10
LT1223C 100 1000 (75) CFA
MAX473 10 15 (400)
OP27 8 2.8
OP37 63 17 G>35
OPAG623 340 2100 9 CFA
OPA628 160 310 64
THS4001 300 400 (30)
TLE2037 50 1.5 — G>5
TLE2141M 5.9 45 400
Bifet
ADg43 34 250 135
ADB845 16 100 350
LF156A 5 12 1500
LTIOS5AC 5.5 10 1500
LT1122AC 14 60 340
OPI5E 6 10 4500
OP42 10 50 900
OPAG627 16 55 550
TLO5IC 3 15 -

*All values are typical at 25°C but other measurcment conditions are not necessarily the sume.
®To 0.01%; values in parentheses to 0.1%.
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FIGURE 2.27 (a) Ac inverting amplifier based on an instrumentation amplifier; (b) its
gain amplitude.
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FIGURE 2.26 (a) Ac inverting amplifier based on an op amp; (b) amplitude of the
open-loop and closed-loop gain; (c) input impedance.
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FIGURE 2.29 (a) Differential ac amplifier built from an IA. (b) Circuit does not
require any component matching in order to achieve a large CMRR.

FIGURE 2.30 Differential ac amplifier built by feeding back to the reference terminal
of an IA the dc component of the output voltage.
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FIGURE 2.31

Fully differential ac amplifier.
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FIGURE 2.32 (a) Fully differential ac amplifier; (b) its approximate amplitude

response.

FIGURE 2.34 Three-op-amp instrumentation amplifier obtained by connecting a fully
differential amplifier to a difference amplifier.
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FIGURE 2.33 Cascade connection of three fully differential amplifiers
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FIGURE 2.35 (a) Feedback composite amplifier and () its block diagram.
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FIGURE 2.36 Parallel connection of two amplifiers to increase the output current

capability.
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FIGURE 2.37 Programmable-gain noninverting amplifiers built from
components.
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