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Announcements

e HW4 due Mar 8

e This material is related to Lab 7



OpAmps and OTAs

OpAmp OTA
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e High voltage gain e High “voltage” gain
e High input impedance e High input impedance

e Voltage source output e Current source output
(low impedance) (high impedance)



Simple OTA

ET—”:J » * Important Parameters
A S « Transconductance

Vin1 o5 M, 2|:||_° Vi, * Output Resistance
2 - Differential Gain
éfss

« Common-Mode Input Range



Simple OTA Transconductance;
Rigorous Analysis

From Lecture 3 g
o mn
_ _ i = v, =—20(y. . —v.
Vinew = =&mnlon Vin1 =Vina) and Ry, =21y p = EmaVa 7 (Vi = Vin2)
To find i, we need to find i, and i, =g Ton Vi = Vi) g
Iy = ~ = (Vinl - vinZ)
tp = 8maVa 2y +
1 Em3
2,3 o3 g lse =1p T, = _gmn(vinl _vinZ)
_ m ~ _ _Omn _
Vag= 1 (— Emn’ON (le ~Vin2 )) 75 (vinl vin2) i
- +2 Em3 Gm = - =—8mn
03 fon Vinl ~Vin2
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Simple OTA Transconductance;
Informal Virtual Ground Approach

o As the differential circuit is not purely symmetric, we cannot formally
assume a virtual ground at node P

e However, if the differential pair transistors M1 and M2 have high

output resistance, a virtual ground can be approximated at node P to
simplify the analysis

Voo ,
M, M, iy = Em2Vin?
ip1 ~ Assuming an ideal current mirror load

A I ou .
n} iy ==& mVint
M

Vint [ M |:“_° Vi 4i o=— +
in1 in2 o =1, +i
I—: 1 2 Lie =lp T = =8m1Vinl T 8m2Vin2

Pé | G = isc _ — mVinl T Zm2Vin2 _
SS m o =~ 8mn

Vinl = Vin2 Vinl — Vin2




Simple OTA Output Resistance

-_—VDD
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A rOPT. o Vout

rOn,l,

Vin1 °—||: M, M, :I|—° Vin2

P
Iss

Rout = rOpHFOn

It 1s often useful to also use the output conductance

1

Gout = E = gop + &on



Simple OTA Differential Gain

Voo
&—I |1J M,
Av = —GmRout = _(_ Emn )(FOH HrOp)

A ——o Vit

II‘|1 O—II: 1 2|:-II_° V|n2 Av = Emn (rOnHrOp): Emn

gop + &on
P
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Simple OTA Common-Mode Input Range

- Voo .

m, e m, * Common-mode input range set
A +— v, Dby transistor saturation

Vi oo m, M, F||_o v., conditions

P « Low-end set by tail current source
Iss ':D [ Ms saturation

21 1
= Viem 2 Vpsars +Vas1 = SSW + SSW +Vrgm
HnCox IS /uncox fl

- High-end set by differential pair saturation

1
_ _ SS
Viem <Voem +Vrrrm =Vop ~Voss|+ Ve m =Vop = \/ W ‘VTH,p3‘ + V111

:upcox f3

21 I L
\/ SSW +\/ SSW + VTH,nl <Viem <Vpp — \/ SSW +‘VTHaP5‘ + VTH’”I
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Bipolar Simple OTA

e Following a similar procedure

V
we Gm =~ &mn
03 04 Rout - rOnHrOp
VOUt Av :gmn(rOnHrOp):M

Eon 1 8op
Vimo—.@1 Q2 }—Vinz
e Low-end V,, set by keeping tail
é’EE ':D Ms

current source in active mode

Viem 2VcE sat ¥ Veg.on 0.3V +0.7V =1V

e High-end V.., set by keeping differential pair in active mode

VCEI — VCC _ VBE,on o (Vlcm o VBE,on )2 VCE,Sat
Viem <Vee =Vek sa ®Vee —0.3V

l
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3 Current Mirror OTA

. . _ +
B : 1 1 : B i, =—Bg,v
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O,
Rout = z
B

Gout = B(gop + gol)

@_1(

B B OpH’”m)

e While G, has increased by the current mirror 4 (r H’” )
factor B, the voltage gain remains the same due "~ $m1Vop[0!
to the output resistance being reduced by B!

e Common-mode input range expression remains
the same as the previous simple OTA
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Bipolar 3 Current Mirror OTA
w/ Degenerated G, (Lab 7)

T e In order to improve the
Re SRe ez S distortion performance, emitter
Q5k“—<>—t) Qs Q, O resistors have been added in the
ﬂ input differential pair
Vg1 & Va2 | b LV
’—[ 1 2 L 0
_Vﬂﬁf\; ( ) vid «\, RL
N < < . .
1 zre R ] * e In order to improve the output
a o resistance, emitter resistance
i has been added to all the
< Rg1 . -
(‘ N — current mirror/source transistors
Res- o < Req
RB3K Re2
-VEe

Assuming a 1:1ratio for all the current mirrors,

G, 1s set by the degnerated G,, of the input transistors

o 1
G, =-— R —
Vo + Ry Vo + Ry
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Bipolar 3 Current Mirror OTA

w/ Degenerated Gm gLab /)

Resj Re2< <Res
Qs Qs Q4 ’—")Qe
\V; [
1 Q2 82 1;—-0—0\—() VO
Vid A Vid <
5o L L ow R
< RE1 Rer1< | =
Q7 ) ||:‘QB
'Tl —
; RB1
Qg <
Rgs4 < » : Res4
J Res < \’ Re2 J
- —

R, = (g;'n6”o6R1'53 + 7’06)“(8;718”0813%4 + ’”08)

v
8m6 = &mé - r;6+ R., R g6 Rpz = RE3H(’%6 T Ty + REz)z RE3H’”7z6
' _ 7”7;8 ~ ' _ ~
gms = 8ms X 8me> Rpg = RE4H(’%8 + 77+ RE4) R RE4H’%8

Vog t 17+ Rpy



Bipolar 3 Current Mirror OTA
w/ Degenerated G, (Lab 7)

Vee

RE3/ RE2 RE2 Res Ry = 2(18 + 1)(’” el T REI)
l\‘ J
. ﬁ% 3 o, e Low-end V., set by
Ves Q\p Ve | " keeping tail current
20 b Fodw | = source in active mode
RE1 Re1< =
) S | Viem 2 —Vee + IrRp3 + Vg o + ]_TREI +VBE on
QT‘/ [‘Qa ’ 2 ’
KN ¢ High-end V., set by
Reis %, e keeping differential pair in
J RS ZRe: J active mode
! Verr =Vee - ETREz - VBE,on - (Vicm - VBE,on)Z VCE,sat
. . . ,
e Maximum differential input Vim Ve =T Res Ve

amp. for good distortion

‘ =IrRp

Vid ,max
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Simulating the 3 Current Mirror OTA

e To simulate differential amplifiers, use voltage-controlled voltage sources
(VCVS or "E” elements) to generate the differential input signal and
monitor the current through the load resistor

Note: This example is

designed for 2X the
Lab 7 Gm

- Monitorl I(RL)

...........................
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Sing|e_ended inpUtSOUFCE_ e N
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DCvoltage source to | 2 VCVSfto generate . ron I
setinput DC level | differential inputs w1 [
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Simulating Transconductance

e Set Inputs E1 Gain=0.5 and E2 Gain=-0.5

e With input source AC=1, simply plot the load resistor current I(RL)
to get the transconductance .,

- Monitor I(RL)

..............................................................

Sing|e_ended inpUtSOUFCE N

DC=0 J e

1Y 4

AC=1

]
o o
< <
= =
] [#]
m 5]

—
DC voltage source to
set input DC level
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Simulating Transconductance

e G, =2.01mA/V




Simulating Differential R,

The differential input resistance is equivalent to the differential input (Vi)
divided by the input current, where I use the base current of Q1 or IB(Q1)

R4 = 159k
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Simulating THD

Set input source to differential input amplitude spec

« For Lab 7, that is 2V

Check the THD at 3 different common-mode points

OV, VCM,minl VCM,max

CM™

CM™

FOURTIER COMPONENTS OF TRRNSIENT RESFONSE I(R_RL)

DC COMPONENT = 1.399475E-04
HERMONIC FREQUENCY FOURIER

NO (HZ) COMPONENT

1 1.000E+03 4.071E-03

2 2.000E+03 4.291E-06

3 3.000E+03 1.218E-05

4 4.000E+03 9.279E-07

5 5.000E+03 2.160E-08

TOTRL HARMONIC DISTORTICN = 3.

FOURIER COMPONENTS OF TRANSIENT RESPONSE I(R_RL)

DC COMPONENT =  1.386942E-04

NORMALIZED
COMPONENT

R R

HARMONIC  FREQUENCY FOURIER NORMALIZED

no (HZ) COMPONENT
1 1 4.073E-03
2 2 3.503E-0
3 3 9.537E-0
4 4 1.118E-08
5 5 4.571E-08

TOTAL HARMONIC DISTORTICN = 2.

FOURIER COMPONENIS OF TRANSIENT RESPONSE I(R_RL)

DC COMPONENT =  1.410955E-04

HARMONIC ~ FREQUENCY FOURIER
NO {HZ) COMPONENT
1 1.000E+03 4.067E-03
2 2.000E+03 4.976E-06
3 3 0E+03 1.330E-05
4 4 0E+03 T.584E-07
5 5.000E+03 &.260E-07

TOTAL HARMONIC DISTORTION = 3.5

COMPONENT

R R o

220127E-01

PHASE
(DEG)

EERCENT

PHASE
[DEG)

-5.699E-03
-8.934E+01

1.797E+02
-9.057E+01
-1.798E+02

749084E-01 PERCENT

NORMALIZED
COMEPONENT

[T

PHASE
{DEG)

-5.759E-03
-B.956E+01
1.798E+02

02601E-01 PERCENT

NORMALIZED
PHASE (DEG)

=)
=
=
=

|
oW oo
o

NORMALIZED
PHASE (DEG)

-8.933E+01

1.797E+02
-9.055E+01
-1.798E+02

NORMALIZED
PHASE (DEG)

-8.954E+01

1.798E+02
-9.067E+01
-1.791E+02



Simulating Output Resistance

e Ground input source and apply an AC-coupled voltage stimulus at output

e With output source AC=1, plot the ratio of V(Vout) over the current
through the coupling

Ground input source

capacitor

2n3906°

ar - .

2N3906




Simulating R,

The output resistance is equivalent to the output stimulus V(Vout) divided by the
output current, which is equal to the current through the output capacitor I(C5)

R, = 25.4KO
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