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6. OpAmp Application Examples Preamp MRC GmC Switched-Cap

Pre-Amplification Stages

General usage in analog
signal processing systems:

pre anti
amp AGC alias
sensor _
e.g. microphone HD% g % %<ADC decimator
Transducer clock /iy DSP
frontend generator
actuator XX .
e.g. loudspeaker % == %<DAC interpolator
power reconstruction
amp
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Pre-Amplification Stages

General usage in analog to save source signal integrity (SNDR)

S|gnal processing systems: against circuit non-idealities (e.g. noise, interference)
pre / anti
amp AGC alias
sensor ~ _
e.g. microphone HD% / =< %<ADC decimator
informatio
Transducer clock /iy DSP
frontend generator
actuator X .
t lat
e.g. loudspeaker i E R K ( DAC [ interpolator
power reconstruction
amp
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Instrumentation Amplifiers

OpAmp requirements for
sensor read-out fronteds:

safety rules strong
(e.g. no net i} common
charge X interferer
interchange!) weak
TN differential
signal
VVinp
+ Vout
= _
w7 ,

e.g. biosignal amplifiers
for ECG, EEG and EMG
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Instrumentation Amplifiers

OpAmp requirements for
sensor read-out fronteds:

safety rules

(e.g. no net
charge

interchange!)

Design of Analog and Mixed Integrated Circuits and Systems

X

strong
common
interferer
weak
differential
signal
VVinp
+ Vout

l—o

e.g. biosignal amplifiers
for ECG, EEG and EMG

Preamp MRC GmC Switched-Cap

Shielding and floating supply
for external interference rejection

Infinite DC input impedance

_ thermal
Low equivalent

input noise flicker

Ibias T

WLt

Vind ~ ,uV
Very high CMRR 120dB!

VjéncNV

Reduced bandwidth (typ. kHz-range)

Moderate output full scale

v

V¥ Specific OpAmp circuits

and feedback topologies
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Classic Differential Preamplifiers

3-OpAmp topology:

Vinp — Vi
first stage: [, = &P nn
! g 1 R
WA Ving h Vip Bs vy, Ra
3 'VV\/\/\’ /\/\N\/\,l le - ‘/inp + Ry = (1 + %) Vvinp - %‘/znn
Ry
J\V‘/\/\/\ Vln - ‘/znn - Rlll - (1 + %) V;,nn - %‘/;np
Rs I —° Vout
2R
A Rl § le - Vln = (1 + R—z) (‘/;,np — ‘/:Lnn)
MW——WW—
W Vinn + Vin R3 Von Ry
G, = Vout _ (1 n 2_R1) Ry second stage: Vap =~ Vo
%np - ‘/znn R2 R3
LN VO (RyVin + R3Viut)
R3—|—R4 1p—R3_|_}%4 4 Vin 3 Vout
Ry
out = 75~ V Vn
V t R3 ( 1p 1 )
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Classic Differential Preamplifiers

3-OpAmp topology: 2-OpAmp circuit:

W ‘/;np * R3 R4 ‘/inp ° +

'VV\/\/\’ — Vout
. § WY L i
Al W —
Ry — Vout P R Ry
~ Ry § R, Ry
MW= MWW—
W\W ‘/;nn + R3 R4
Ggq = (1 + &)
Vout 2_R1 R4 R2

G, = —u (1 —4
d %np_%nn ( i R2)R3
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Classic Differential Preamplifiers

3-OpAmp topology: 2-OpAmp circuit:

M ‘/;np * R3 R4 %np ° +

IVV\/\/\I W/\’l —° Vout
. Ry § N\I'\H'\/’\ Ve y
ol Wt —
Ry — Vout R2(1 — ?) Ry
A\
b Ry § Ry Ro(1+ 5)\ matching
- group
A Vinn o——+ Ry R,
Ggq = (1 + &)
Q= Vout (14 2_R1 & ( R2
‘¢ %np - ‘/;nn B R2 R3
Rl R2(1 _|— %) R1
Vou: ]-‘I_— ‘/zn_ 1+ sznn
! Ry(1—2)| "™ R, Ry(1—2)
V¥ CMRR losses due to
technology mismatching! Vout = GVina + G Vine
/ I
Vinp — Vinn Yinp £ Vinn
2
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Specific OpAmps for Preamplifiers

Non-differential floating gain elements:

S L ) S
| M5 s ﬁ - Vout

Ving o—{ I:Ml sz }—onn Vies o—{ [:M13 i |v|14j

] : [

Vout = V;"ef + Gd(v;np - Vann) Gd = 5
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Specific OpAmps for Preamplifiers

Non-differential floating gain elements:

o LN ) S
| M5 s ﬁ - Vout

Ving o—{ I:Ml sz }—onn Vies o—{ [:M13 i |v|14j

Iy Iy A Null contributions
of resitors to CMRR

M10 I II_MQ I M12
i A Input stage technology

Ms || [~ M7 Mt mismatching seen
| Hl | as static offset

Vout = Viey + Ga(Vinp — Vinn) Ga= 7~ V¥ Output full-scale

V¥ Input stage noise
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Automatic Gain Control Also known as programmable/variable
gain amplifier (PGA/VGA)

General usage in analog
signal processing systems:

pre anti
amp AGC alias
sensor T )
e.g. microphone HD% / =< %<ADC decimator

informatio
Transducer clock m DSP
frontend generator
actuator X . |
e.g. loudspeaker % =< %<DAC interpolator
power reconstruction
amp
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Automatic Gain Control Also known as programmable/variable
gain amplifier (PGA/VGA)

General usage in analog

signal processing systems: Amplitude matching with ADC full-scale:
No distortion
VVVVVVYV VVVV"""'VV‘V . oo
VRYRVARY (unlike limiters)!
pre anti
amp AGC alias
sensor T )
e.g. microphone HD% / =R~ %<ADC decimator

informatio

Transducer clock m DSP
frontend generator
actuator X . |
e.g. loudspeaker % =< %<DAC interpolator
power reconstruction
amp
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Programmable Gain

» Based on MOS resistive circuits (MRC):

R2 ‘/tunl V;un2

T
Vi v—M B ; | .
& W~ R 1 \—WN\J

Rl ‘/tunl V;funZ
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Programmable Gain

o o small large
Based on MOS resistive circuits (MRC): signal signal
/ \ / \
R2 V;‘,unl Vrtun2 R2

"

L [

. o +
> Vout
. o —

S
in q_ > Vout Q—
- -4 o — ——+
R In
R2 CTYd - & ? R
Rl ‘/tunl V%un2 2

matched devices operating in strong inversion conduction (non-saturation):

I,=p [Vtunl — Vi — ) (7)] (7)+5 [Vtunz — Vi — 5 (— 5 )] (— 5 )
Vin \ Vin )
Ip = B (‘/tunl — Viun2 — n?) 7
’ Id — Ip — I, = B (‘/tunl - V;unZ) V7',n Rl =
Vin \ Vi
In = ﬁ (‘/tunQ - V;funl - nT) ? /
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Programmable Gain

Based on MOS resistive circuits (MRC):

Ry

A Compact area

A Electronically tunable gain

V¥V Technology sensitivity
¥ MOSFET flicker noise

V¥ Distortion due to larger device mismatching

V;‘,unl Vrtun2

=
|

- 26 (V;‘,unl — V;tun2)

Gd X (Vvtunl - V;unQ)
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Continuous-Time Filters

before entering into

G_eneral usage in analog discrete time (DT) domain
signal processing systems:

pre anti
amp AGC alias
sensor T :
e.g. microphone HD% % %<ADC decimator

informatio
Transducer clock m DSP
frontend generator
actuator T )
t lat
e.g. loudspeaker % N %<DAC interpolator

power reconstruction
amp

Also common in high-frequency filters...
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Gm-C Integrator

» Based on wide-range input MOS transconductors:

to—t IOUt Vout . Vout Gm 1
. H e —
V;n_d E;’m (8) ‘/'an C s
I C
Iout
not OTA! Gm .
(finite Gm) g v
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Gm-C Integrator

Cross-coupled
CMQOS circuit realization:

+ o—+ Iout Vout
V:md Gm
1 C
O O
. . : Vin . Vin
matched devices operating in Vinn = Vipe — Td Vinp = Vine + 5 .

strong inversion saturation:
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Gm-C Integrator 5 . E

Cross-coupled I
CMQOS circuit realization:

4# M1 M2
+ o + Iout Vout

‘/:L'nd Gm M5

1 out
SR

A Linear differential Lum
transconductance G

A Built-in limiter Vind

¥ Technology dependence Imaz = Ttun
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Pre-Amplification

MRC-Amplifiers for AGC

Continuous-Time Gm-C Filters

Switched-Capacitor Filters
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Switched-Capacitor Filters

G_enera| usage i.n analog discrete time (DT) but still analog domain,
signal processing systems: e.g. Delta-Sigma modulators

pre anti /
amp AGC alias
e.g. fneigfé);hone HD% C %<ADC decimator

informatio
Transducer clock /iy DSP
frontend generator

&

actuator T )
terpolato
e.g. loudspeaker % N %<DAC interpolator
power reconstruction
amp

also reused as SC amplifiers
for flash stages
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SC Integrator

» The very basic building block:

gain integration
function function

/

-1
z
Vvin “HI>% — >0 Vout
1—2
//,/
%C_E% Z_l

Analog circuit realization (ADC)

Digital circuit realization (DAC)

1
><+? o
—1 J

z
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SC Integrator

The very basic building block: SC-OpAmp compact implementation:
gain integration S
function function for initialization

purposes
\ / \

271 . & o
Vin “HI>% o1 —> Vout smgle-endEd %,
1

circuit version

Cs )

% = ¢1 2
®2 ¢1 >—V§Ut
I I

Analog circuit realization (ADC)
_|_
7

non-overlapping ¢1f| % Gz =

phases ¢ |

clock I S { H closed

L open

1/fs
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SC Integrator

i
olle
SC-OpAmp compact implementation: Vin(n — 1) |C|s L
° G')l | B Vout(n - 1)

o

c, & "

i

$1 Cs P2
Vin O—O/ﬁ }—{(’ - 1%
o2 o1 S
I [

<7 +

o1 ]

L ¢x =

b2l [

clock I: 3 —I' { H closed
1

L open
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SC Integrator

olle
SC-OpAmp compact implementation: Vin(n — 1) |C|S L
T elle B Vout(n — 1)
o
c, & B
| |
| |
¢1 Cs b2 AQ=0 ?IZ
Vip, o—" ﬁ }—( o——— N
- —o00! lee
P2 P1 »—oVOUt Cs \ (
I I I Iey B

%7 " fj_ ® Vout(n)
+

~
clock I: > —l H closed C
ol 6= Vout (1) = Vout (n = 1) + =V (n = 1)
2 1] ‘ L open ¢
Vout . z7t . %
Vin (z)_kl—z_l k_Ci
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SC OpAmp Optimization

— O

Discrete time dynamic biasing: Vi (n— 1)

Vout (n — 1)

ﬁcbm HF# G g E“”ﬁ = + 7

§.<
S
1
=
S
-
<
:
|=
g
Q

)

0

Vout(n)

Mﬁ I e
Ibias (t) i&

SR 1 el
GBW 1 clockl = — H closed
o = b= L
¢ ] i open
|G| 1 _ LT
— time
P1 P2
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SC OpAmp Optimization

Discrete time dynamic biasing:

¢};ﬂ%w Mﬁb——4|m M5 p——ﬁﬁﬁ
1 —[(T -_‘/gln
b1 an»—{ ML M2 }—vV;np

o] I
Ibias (t)

SR+
GBW 1

G| 1
¢1 b2

| time

A Synchronous Class-AB
operation

A Static power savings

¥ OpAmp fast on/off
recovery time required

V¥ Biasing peak value is
technology dependent

¥ Ripple induced in the
power rails (digital-like)
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