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Operational Transconductance
Amplifiers

* OTA versus OpAmp, Applications
« Differential versus Single-Ended Output

* Characteristics
— Frequency response, settling time, stability
— Open-loop gain
— Noise, dynamic range
— PSRR, CMRR
— Common-mode feedback circuit
« Topologies
— Single-stage (telescopic, folded cascode, ...)

— Multi-stage, Miller compensation
— Class A, A/B
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Voltage source output

OpAmp versus OTA

OpAmp OTA

Current source output

(low impedance) (high impedance)

Essential to drive resistive ¢ Cannot drive resistive

loads loads

Essentially OTA + buffer « Use capacitive (SC)

Buffer increases power feedback

dissipation, noise * Transistors are
transconductors
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Resistive Feedback

OTA
OpAmp

Resistive feedback network
lowers loop gain

Large feedback resistors?
— Large area

« (Gain independent of
feedback network

— Parasitic poles = stability?

* Feedback network adds Solution: capacitive feedback

Nnoi1sc — Needs initialization
— Needs clock 2
Linear, time-variant circuit

kT/C noise
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OpAmp versus OTA Noise
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SC Gain Stage

e Phase1: : phil
— sample V, onto C: s o C L
- Q,=V,*C, S e R L
— Null charge on C; = =
 Phase 2:
— Ahmpliﬁfer “mé)ves’(’: " ‘ pjifjslﬂF ohiz_ g -
charge from C_to C I 1ms : ! VoLt
- Q=Q,=V,*C, % e = % la,
= Vou=Qe/ C; — | T :_[
=V.*C, /C; - -

* Implement switches with MOSFETSs. Drive with “2-phase non-
overlapping clock™.

« (Gain set by capacitor ratio (precise). Output valid only at end of
phase 2 and during phase 1.

e (Cannot drive resistive load.
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SC Gain Stage
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Noise

Phase 1:

— kT
VCS =— n 11

C i ——

noise factor of
amplifier driving V;
AT
VCF = C
A
Phase 2 : Phase I noise and OTA noise onto C,
2
- | C, kT kT 1
V.., =V +—t — — Ny
" C C C F e
f ! H,ﬁa = noise factor of
for single-stage OTA feedback factor i amplifier
kT'| C kT 1 : C
=—|—*n,+1| + ——n, with = /
c ¢, Cuy C,+C,+C,
feedbacl\{network O:FfA
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Differential Output
“Fully differential amplifier”

 Differential versus common-

1 mode signals
0% * Balun
— T e Common-mode feedback
Via =Vi =V
(s CMFB
Viczj(vi +vz) Fy . -
+ R l - & c
Vi =Vie T3V
_— 1 201
Vi =Vie =2 Vi %% -
L
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PSRR & CMRR

Any terminal is an mput

Important “undesired” Ay =715 >0
inputs: ¢
A, =" 50
~ Supply T CMRR =
— (Input) common-mode 4 a0
cdm
V.
. . V’C PSRR,,, =
Figure-of-merit: A =~ -0
— Desired gain over undesired oo _
: ) PSRR ., =
gain >> 1 A =—2—>0

— E.g. PSRR, CMRR
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PSRR Example

1G0hm

R1 R2
AR M M
1pF SoofF
C=s1 =2
Il T
i il
'_-me
e L
10F 1
XF
XF_se
u
o —_
=
u
o
=
1GOhm 10fF == 2G0hm
1pF SO0
Il Il
i il
o+ wo_diff
ims
g S B
= % XF
i wF_diff
i .
o= O — I =
1pF SoofF
160hm 10fF == 260hm
w
m
-
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PSRR

Fully differential circuit has
excellent PSRR limited only
by matching

PSRR [dB]
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Common-Source Stage

* Openloop gain, A, a,,
* Output range, AV
« Bandwidth, f, f;

s uo

e Noise
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DC Input/Output Operation

DC Responsa n

1.8 vz VS(lifnetg")

(v)

88@m_
addm_
4@mL

28@mL

—~308m ~1o0m 190m
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(v)

Gain, Output Range

DC Response A __ out out o
A ‘-p’Fi"..-"nelEi" 2 {=(VS("/netd") — VYDC("/netdln) vo
3g % VS(li/nel9 V . V
Ju— in in_o
2 dV
_— out
T
12 n
a.a :
Note: plotis for
Vout o = 0V and o
-1 : : . Vi, o = OV (unrealistic).
2.0 .60 12 1.8 u
(v)
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( dB )

3@

28

Frequency Response

0L Response

vz dB2B(VF("/netdll))

& i %
req | Hz }
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e
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1
O=vg, +v|sC, +—
rO
vo - _ gmro
v, 1+s7,C,
B 1
= o
~—-Sn for g,.r,>>1

sC,

(when current through r, 1s negligible)
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2
V

1

Noise = 4y Ty — (8 + &o)
Af ml
Total noise 1s noise from M, 1 ( g
multiplied by V,*/V," =4k, Ty —| 1+=22
Em .  8Em
> V,*>>V,* (low noise 1 (. v
2 b ( ) =4k, Ty —| 1+-%
—> Tradeoff with output ga\ b
range AV . T
40n Moise Response
: I0n NMOS and PMOS NMOS only
T /
= 20n L
:E* 1@n L - A —
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Differential Input

 Daifferential input:
eliminates systematic offset

e Tail current source:
provides CMRR
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Differential Pair - CMRR

CMRR DC Analysis DC_cm DC Analysis DC_diff
Device Vi_cm Device Vi_diff
sweep from -1m to 1m (51 steps) sweep from -1 to 1 (51 steps)
Supply
VDD = 3V
w :I w w _ol VSS = 0V
B 5z g

=

12
dc = 50uA

® VDD
cwen | (1) rs
R2 1MOhm

100fF
= 20kohm R3S = R4
= = 20kOhm

20kOhm = .
_||‘] M5 M6 l_
|- 35.175/1  34.825/1

—+ D T.Vod_nt

D —T—.Vnd_t

IV\II\

R1 2
20kOhm<

C—®Vor_nt

CH—®@Voc_t

I I
| T 1 1
+ 1

_| M1 M2 l_ _| M3 M4 l_
10.05/1 9.95/ 1 10.05/ 1 9.95/ ‘i’ I
s
| I
g b6
R7 = 1 g s
ot = (1) de = soua

R6 <
20kOhm 20kOhm T

_—

Vi_cmx Vi_cmy Vi_cmz
dc = 691mV dc =1V dc =2V

—W!
]

@ \VSS

[a @] o

J/

c

Vi_diff Vi_cm
ac =1V ac =1V
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CMRR [dB]

Simulation Result
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100amM

CMER no tail

e For all cases:

CMER with tail

CMRR body
g =290 S
V=180 mV
A, =55
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CMRR Analysis

1/0.01 =100 =40dB

2x1mS * 1MQ/0.01
=200,000 =106dB

10/0.01 =1000 = 60dB

No tail current source Tail / No Body Effect Tail / With Body Effect
A, =G R A, =G R o Ignoring AG,, Ar,
A =GR i (use superposition)
. " cm ~ . fOI' vsb ~ vic :
A = AGmRO +G ARO ss '
: Adm = GmRo
=G R AG, AR, R, |AG, , AR : A, =Ag R fi
— MmtYo Gm RO cdm 9 RSS Gm RO ! cdm gg;mb o 10I Vg RV,
B 1 2GRy  CMRR =—"
CMRR =— G AR CMRR = — G AR i Ag,,
G, R G, R : g%
: — gmb
i Agr%
: gmb
- E.g.  E.g. . E.g.
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CMRR Summary

No tail current source

With tail current source

Well tied to source

CMRR limited by
matching

Bias current is a strong
function of input
common-mode

Impractical in most
situations

CMRR improved by ...

High frequency CMRR
limited by capacitance at
common-source node

(Csp)

Eliminates g, matching
constraint

CMRR limited by I,
modulation; cascode
helps

C,.n Sets high frequency
CMRR

C,en < Cqp in some deep
sub-micron processes
(with high S/D doping)
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