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» An audio amplifier is constructed above that takes on a

rectified AC voltage as its supply and amplifies an audio
signal from a microphone.
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» However, V.. contains a ripple from rectification that leaks
to the output and is perceived as a “humming” noise by the
user.
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Re1 = = R,

Djl- | f I:;: QZ:I_J Vx TV :A\/VW

» Since both node X and Y contain the ripple, their difference
will be free of ripple.
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» Since the signal is taken as a difference between two nodes,
an amplifier that senses differential signals is needed.

CH 10 Differential Amplifiers 5



Vin

Vr/-\/\

Vee
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ToBias-\/\ \j\- To Bias v = AViy r

X Y v —
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» Signals cannot be applied in phase to the inputs of a
differential amplifier, since the outputs will also be in phase,
producing zero differential output.
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» When the inputs are applied differentially, the outputs are
180° out of phase; enhancing each other when sensed
differentially.
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o —V. Vin2

> A pair of differential signals can be generated, among other
ways, by a transformer.

» Differential signals have the property that they share the

same average value to ground and are equal in magnitude
but opposite in phase.
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» Determine the common-mode level at the output of the circuit
shown in Fig. 10.3(b).

Vee In the absence of signals,

Rc1 \/\ ,\I Rca Vx :VY :Vcc _Rclc
X Y

+Vin Q1 Q> ~Vin | denotes the bias current of Q, and Q,

where R.=R., =R, and

Thus, Vem =Vee —Relc

Interestingly, the ripple affectsVy,
but not the differential output.
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Vee Voo
Rer = = R, Rp= =Rp
X Y X Y
Vin1 ‘_lﬁch Q- :I_c Vin2 Vint °_|If M, M, jH Vinz
L
&

® Iee @ Iss

» With the addition of a tail current, the circuits above
operate as an elegant, yet robust differential pair.
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= /
? *E Rc1=Rc2=Re

To avoid saturation, the collector voltages must not fall below the base voltages:
I EE
VCC o RC 7 2V(:M
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» A bipolar differential pair employs a load resistance of 1 kQ
and a tail current of 1 mA. How close to V.. can V,, be

chosen?
Vee Vcc _VCM Z RC %
Re; % %Rcz > 0.5V
X Y
o, @} That is, Vi, must remain below V.
Ve N ' by at least 0.5 V.

- I
@ EE Rci=Rc2=Rg
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Upper Limit of Vg “

to Avoid Saturation
Vem = ———

Vemz

» Due to the fixed tail current source, the input common-
mode value can vary without changing the output common-
mode value.
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Vee

Vcc' Rc ’EE

: ; o
Vin1= Vin Vin1= Vin2

» None-zero differential input produces variations in output
currents and voltages, whereas common-mode input
produces no variations.
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» A bipolar differential pair employs a tail current of 0.5 mA and
a collector resistance of 1 kQ. What is the maximum allowable
base voltage if the differential input is large enough to
completely steer the tail current? Assume V..=2.5V.

Ve =25V
Rc% Rc
+
Vout y Because | .. Is completely steered,
X Q, V. V. -R: Iz =2V at one collector.
Vin1 °—|:01 To avoid saturation, V; <2 V.

|||—@l
m
m
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Vee
R R
C c /l 3 |
X Y ¢t
+
Vem A Q Q; Vem R Y | e
Icz —
5 2
/

EE

» Since the input to Q, and Q, rises and falls by the same
amount, and their emitters are tied together, the rise in I,
has the same magnitude as the fall in I..
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"'A
U ‘—|<01 Qz Vem T A

P
=0,(AV -AV,). lee KA\/ 5 ~
AICZ =—0,.(AV +AV,). = P —
Al, +Al,, =0 Ale, = 9nAV
9. (AV —AV,) =g, (AV +AV,) \Alcz :_gmAVJ

» For small changes at inputs, the g ’s are the same, and the
respective increase and decrease of I, and I, are the same,
node P must stay constant to accommodate these changes.
Therefore, node P can be viewed as AC ground.
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Vee
Rc%’ %Rc
X Y
AV
Vem +J— °_KQ1 Qz:l_" Vem _I-_AV

P
AVX — _gmAVRC IEE
AVY = gmAVRC - Av _ —ngAVRC - g RC
AV, —AV, =-2g._AVR, 2AV

» Since the output changes by -2g,,AVR. and input by 2AV, the
small signal gain is —g R, similar to that of the CE stage.

However, to obtain same gain as the CE stage, power
dissipation is doubled.
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» Design a bipolar differential pair for a gain of 10 and a
power budget of 1ImW with a supply voltage of 2V.

Vee
Ve =2V
Rcz ERC 1 mwW
IEE= =05mA
S r I Y /2 0.2
I 25 mA 1
V. I—OV =0, = -=—t-—= =
CM 0—901 Q2 CM I VARAVA 26 mV 104 Q
’EE gm
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» Compare the power dissipation of a bipolar differential pair
with that of a CE stage if both circuits are designed for equal
voltage gains, collector resistances, and supply voltages.

Differential pair CE stage

| A it I 9me2Re | A e 7 9nRe
gm1,2Rc = ngC

IEE — IC

. V.
| :2|c
PD,diff :VCIEE = 2Vc|c PD,CE =Vcl¢
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/Vinl _Vin2 :VBEl _VBEZ

S1
and 1., +1., =1

T

IEE

=1, =

T

T

1+ exp Vinl\;vinz

V.. -V
IEE eXp |n1V in2

:>|01:

1+ exp Vinl _Vinz
VT

>

I I
=V, In-=£ -V, In-%=
ISZ

\VARAY;
= |, exp le N2 4oy =l

/
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» Determine the differential input voltage that steers 98% of
the tail current to one transistor.

We often say a differential input of4 -V
IS sufficient to turn one side of the bipolar
pair nearly off.
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/Voutl =Vcc - RC ICl \

| exp Vin1 _Vin2
EE VT
=Vee —Re V. _V
l+ eXp inl in2
a Vy
: > Vin1~ Vin2 _
0 Vout2 _VCC - Rc ICZ
V, l
“ =VCC - Rc -
> Vin1= Vin2
1— exp Vin1 _Vin2
+Rclgg V.
_ T
Voutl _Vout2 - Rc I EE Y,
> . .-V 1 inl in2
in1 in2 + eXp
- Rclee T

Vin _Vin
K =_RCIEE tanhé—v-rz
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» Sketch the output waveforms of the bipolar differential pair in
Fig. 10.14(a) in response to the sinusoidal inputs shown in Figs.

10.14(b) and (c). Assume Q, and Q, remain in the forward active
region.

Figurel0.14 (a)
CH 10 Differential Amplifiers
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» The left column operates in linear region, whereas the right
column operates in nonlinear region.
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Vihn =V =Ve = Vi, =V,

Vee y y
1 2 _
Rcé,_ %RC L+gmlv7z'1+ ~ +gm2v7z'2 _O
rﬂ'l 72

Vint °—|:Q1 Q- :I—o Vino Withr,=r,andd,,=0,, V.=V,
Since Viny = —Vina » 2V =2V,

P

lee Vo =Vipp =V

= -0
1 —J 1
Rc% ch
+ N ' T
Vin1 rTC—" Vﬂ-’] * gm1 VJI-1 gm2 Vﬂ-z (P Vnz % rTcz Vin2
H P =
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(b)

Vo —V
Re Rc outl out2 _ _ngC

Vin1 - Vin2

Vin1 Q4 Q- Vinz

(©)

» Since V; is grounded, we can treat the differential pair as
two CE “half circuits”, with its gain equal to one half
circuit’s single-ended gain.
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» Compute the differential gain of the circuit shown in Fig.
10.16(a), where ideal current sources are used as loads to
maximize the gain.

V, o= afiniter,
Vee

ideal current
sources Vout

Vout
in1 Q1 Vin2 |'/in1 rohr fro
Qs =T @2
p
lee
i Voutt1 ~ Vout2 ——g.r
Figurel0.16 (a) _ m'O
Vin1 Vin2

CH 10 Differential Amplifiers
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» Figure 10.17(a) illustrates an implementation of the
topology shown in Fig. 10.16(a). Calculate the differential
voltage gain.

Qs Q4 03 vV
®—oO Vout o—e out
Vin1
Vin1 °—|:Q1 Q3 :l—" Vin2 Q=
P
leg Vourr ~ Vout2 =—q._ (rON Hrop )
- Vint = Vin2
Figurel0.17 (a)
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R R
J-AVAC ‘Wc X ‘\Mf o B -LAV

v.-0

» It can be shown that if R, = R,, and points A and B go up
and down by the same amount respectively, V, does not
move. This property holds for any other node that appears
on the axis of symmetry.
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Vin1 °—I:Q%‘ Q2 2 Vinz Vin1 “—é%m
Q

Virtual ground L

[A\, = — 0 (T Il Tos | Rl)}

CH 10 Differential Amplifiers 34




[A\, = — 0 (T Il Tos | Rl)}
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Virtual ground =

K
A\/ = — 1 Vout1 = Voutz \

Re +— ;
N In
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Virtual ground

:
A~ YT R, 1
N

R./2 R./2
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Vx

— Rin - = 2r7r1
1 —||| IX
i Rc =Rg i
+ + In a similar manner,
'n1 = Vi1 9mVm1  Y92Vn2 (P Vr2 = I'n2
— — [ Rout — 2RC J
P
+\ —
U/

\'
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Vem O

L I'ss

» Similar to its bipolar counterpart, MOS differential pair
produces zero differential output as V,,, changes.
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U

1 W
— _:unCox T(VGS _VTH )2

2

(V _VTH J)equil -

GS
\

v

\A

Equilibrium Overdrive Voltage

» The equilibrium overdrive voltage is defined as the
overdrive voltage seen by M, and M, when both of them
carry a current of Ig5/2.

CH 10 Differential Amplifiers
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Voo
I S To guarantee that M, and M,
Lin.: Sat. : :
I <_.<—> RD % RD operate in saturation

" Vs 2 Vs —Viy

Y
HLm, m |:_|I— |
+ I 1 ' § Voo —Rp % >Vewm —Vrn

Vem ()

L I'ss

> In order to maintain M, and M, in saturation, the common-
mode output voltage cannot fall below the value above.

» This value usually limits voltage gain.
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» A MOS differential pair is driven with an input CM level of
1.6V. If I;:=0.5mA, V,,=0.5V, and V,,=1.8 V, what is the
maximum allowable load resistance?

Vbp
I
RDE %RD VDD_RD$>VCM —Vry
X Y — RD < 2VDD _\:CM +VTH
. sS
N |:M1 M2|:'"_‘ . ,18-15+05
VCM T 0.5)(10_3
— - ? ISS < 2.8 kQ
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|/out |'/out
X *—0 — - 00— Y
Vin1 o[z M, Y X My o2 Vinz
le:_"—o Vin2 Vin1 °_|I._.|M1
Vi =Vip —Rplss @) 165 Iss Vx =Vop
V, =V, = = Vi =Vip =Rl
(a) (b)

0 Vin1= Vin2 0 Vin1= Vin2
(©
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/&, =0 N

=Al,, =0, AV,
Alp, =—0,AV

AV, =-g R.AV

AV, =g R.AV

— AV, —AV, =—2g R.AV

@ =—0nRs /

» Similar to its bipolar counterpart, the MOS differential pair
exhibits the same virtual ground node and small signal gain.

CH 10 Differential Amplifiers
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VDD

Rp= =Rp

X Y
Vem A °—||..|M1 MzF.“—" Vem T A
P .
W Iss

» In order to obtain the same gain as a CS stage, a MOS
differential pair must dissipate twice the amount of current.
This power and gain tradeoff is also echoed in its bipolar

counterpart.
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» Design an NMOS differential pair for a voltage gain of 5 and a
power budget of 2 mW subject to the condition that the stage
following the differential pair requires an input CM level of at
least 1.6V. Assume u,C_,=100 pA/V?, A=0, and V,,=1.8 V.

W

Iy = 1,Cyy I(VGS _VTH) 5 MW
_op _ W |« = =1.11 mA
On = N, = 14,Cy L (VGS VTH) VDD SS 1.8V
ISS
= — — >
RD 3 % RD VCM ,out VDD RD 5 216V
— R, <360 Q
X Y
Lo, Mzill—‘ For R, =360 0,
o
- ?ISS "R, 3600 oL 2
H = ﬂ =1738
CH 10 Differential Amplifiers L
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» What is the maximum allowable input CM level in the previous
example if V;,=0.4 V?

" Vs 2 Vs —Viy
= Vs <Vps +Vi,

Voo
To guarantee that M, and M,
Rp = =R D operate in saturation,
I
X Y VCM in <VDD o RD ?_FVTH

I—:|M1 M :-II_‘ <Veum out T Vin -

+ )
Vem ! Thus,

= ?’ss Vo m <2V

CH 10 Differential Amplifiers a7



» The common-source stage and the differential pair shown in Fig.
10.28 incorporate equal load resistors. If the two circuits are
designed for the same voltage gain and the same supply voltage,
discuss the choice of (a) transistor dimensions for a given power
budget, (b) power dissipation for given transistor dimensions.

— Vpp

Vino_ll.:

Figurel0.28

(a) for same power budget,
lpy =lss =215, =215,

N W, _ W,
I‘2

(7 (ot

(b) for same transistor dimensions,

= 2M for the same g,

Iss :2|D1

= Py = 2P
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Voo Goal Is to obtain 15, - 15,
Rp 3 z Rp Vinl _VG81 :Vin2 _VGSZ'
Vout1o—9 +—Voutz Iy +1,,=1g.
Vinro—llo M, My o Vine 15 =1/ 2)14,Co, (W / L) (Vs —Viy ).

21,
W
lLln (0),4 L

— Vinl _V'n2 :VG81 _VGSZ

- 2 (Wl —To0).

H, oxf

ISS :>VGS :VTH +
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WOS Differents PaisLage Signl Response (ot

2
(\/inl_vinZ)ZZ—W(ID1+ID2_2 ID1ID2)
M, oxf
2
Z—W (Iss_2\/|D1|D2)-
M, oxf

W
=4 ID1|D2:2|SS_lun oxf(\/inl_vinz)2

W 2
= 1611, :{ZISS — HyLoox T(Vinl _Vinz)zl

W 2
=161, (I —15,) = {ZISS - 1,C, T(Vinl _Vinz)z}

Iss = ID1+ID1:> ID2 = Iss _IDl
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WOS Differents PaisLage Signl Response (ot

2
:>16|I§1_16|SS|D1+ 2l — 1, OXWT(Vinl_Vinz)zi =0

l. 1 W ’
= =§iz\/4|§s _{ﬂn OXT(\/inl _Vin2)2 _2|ss]

I, V. -V W W
= ;S + 14 2\/lun OXT{AHSS_Iun oxf(vinl_vinz)zl

2 4
(.- the symmetry of the circuit)

| V., -V W W
— ID2 =22 i \/zunCox T{L”SS _:unCox T(Vinz _Vinl)zl

Iy —1p, = %/uncox V%(Vinl _Vin2 )

41
SSW B (Vinl _Vin2 )2
oX L

#,C
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Edge of
Conduction ISS
~. ¢
+—| M,
Vi
= > Vin1= Vin2
ISS —Avin,max 0 +Avin,max
i " Vint =Ves1 = Vinz ~Vas2 = Vas1 —Vesz2 = Vit Vinz
Ves1 =Viy 4 2 | A
V.., =V 2'53 |Vin1 _Vin2|max = SSW = \/E(VGS _VTH )equil
cs2 = Vru T Vl /unCox T
Hin o ox L \ /

@ above condition, |1, —1,,|= I

» There exists a finite differential input voltage that completely
steers the tail current from one transistor to the other. This
value is known as the maximum differential input voltage.
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\ utl :VDD -

0

\Y ut2 :VDD - RD I D2 Voutl _Vout2 — _RC | EE tanh

0

Voutl _Vout2 = _RD (I D1 ID2)

» In a MOS differential pair, there exists a finite differential
input voltage to completely switch the current from one
transistor to the other, whereas, in a bipolar pair that

voltage is infinite.
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------------ +Rplss +\IEAVin,max

+Avin,max /

> Vin1= Vin2

_Avin,max

/(
- \IEAvin,max

_RD’SS T N

—2Rp | gg [rrmsmreremmemeeneis

» Since lg5 is doubled and W/L is unchanged, the equilibrium
overdrive voltage for each transistor must increase by /2
to accommodate this change, thus AV, ... increases by./2
as well. Moreover, since lg5is doubled, the differential
output swing will double.
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V

out1 = Voutz

A

+ RDISS ¢ |V|n1 o in2|max oC

I_‘E‘H

~Rplss

> Vin1~ Vin2

» Since WIL is doubled and the tail current remains unchanged,
the equilibrium overdrive voltage will be lowered by-/2 to
accommodate this change, thus 4V, ... will be lowered by
as well. Moreover, the differential output swing will remain
unchanged since neither /g nor R, has changed

CH 10 Differential Amplifiers
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» Design an NMOS differential pair for a power budget of 3 mW

and 4V, ..,.=500 mV. Assume u,C, =100 yA/V? and V;,,=1.8 V.
cP=1V
3 mW
V, l.. =———=1.67 mA
oP =718V
Rp= =Rp 21
From IVinl _Vin2|max = W
Vout1o—2 2 Vout2 uC, —
| n = ox L
Vin1 °_|I.: M, M2|:-II_° Vin2 W o
s S —1336
L :unCoxAVin,max
Iss R, is determined by the required voltage gain.
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1 W 4]
Iy = 1oy == £4,Cy T(Vinl _VinZ) AW_ (Vinl —Vinz )2

2 oW
noxL

1 w
~ E:uncox T(Vinl _Vinz)

W
B \/,unCoX T ISs (Vinl _VinZ) ID1 o ID2 x (Vinl _VinZ)

» When the input differential signal is small compared to
[41s¢/1,,C . (W/L)]"?, the output differential current is linearly
proportional to it, and small-signal model can be applied.
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l||— —||l
Rp= =Rp
+ o -+
Vint () "’_1 (P 9m1V1 9..,Y2 C]*) V_z
L 1 1 L
AV, = 0
A\/ — _ngD

» Applying the same analysis as the bipolar case, we will

small input signals and the concept of half circuit can be
used to calculate the gain.

arrive at the same conclusion that node P will not move for

CH 10 Differential Amplifiers
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fﬁ¢0 A

1
A = _gml( | Fos || r01)
\ gm3 J
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:.II_‘:J Vin2

T A

1/ gm3

01

1

duetor, >>

” r01 ~

m3 m3

gm3
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Vout = Rop
Vint —[; M, MI::MZ o Vin2 Vin°_||:1M1
!
Rss ]_/g; Rﬁ
m3 1 2
' 2=0 A

R.n /2
A\/:_ DD/
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Vee
. A = =G0 [ (o1 10 ) (Gnaos +1)]
L.y " Onalos >>1

out

Q, Qs A, z_gml[gmsroa(rm”l';z3):| -
Vb. I: I: 03 out1 ﬁout

Vin1 0_I:Q1 Qz:l_o Vin2 r, Vb T gm i

V.., > } Al

A= 0[O (o 1) Tos + 1ol ]
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KVL |
along  Vy =(ix =9,V )16 —V, v, =i (r |IRg)

Pt i+ iy (RN T +ix (Re T,
SRy =[1+ 9, (Re ) o +Re I T,
=15 + (Il TD(Re | T,)
~Io[1+9,(ReIr) ]| ==~ 1,09, (R IIT,)
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o{ out
Vb.—ll: gm 0
. -
%RS RS Vl + RSI
- SV = —

| flowing through r,
S~ 1, =0,V =1y

KVL along loop 1 = I (IX +0, 1y Rs)"‘ I, R, =
"Ry =15 (1+ 9, Rs ) + R
=(1+9,I, )R +15
~0,lLRs +1, sinceg, I, >>1

CH 10 Differential Amplifiers 64



A~ =G0 Tos (o 172111 [Gnsos(For 1T 5)]}
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Virtual ground |,

WA~

R/2 RI2
Vi1 ®
Vin1 o—
-~
R R
ROP = r05 |:1+ gm5 (r07 || r;r5 ||71j:|+ r07 ” r7Z'5 ” 71

N\ A=—"Om [{gmsros(rm | I’ﬁ3)} I ROP]

CH 10 Differential Amplifiers
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Vb1 ¢ I'I_. IL M4 M3H |I/m.“:1

Vinio—Em, M, b Vinz Vor o[ gm;ro3
. Vit [, M :
W Iss 1 |:=>

[A\/ ~—9 ml@s 9 HQFOJ
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out

out

[Av ~ _gr;l[(gm3r03r01) | (gm5r05r07)ﬂ
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Vb1 O—II_: gm3r03

e =R
vim O_II: M1 ‘ IFol

I'ss &
Rop ~ [1"‘ 9 ms (r05 | Rl)] lo7

I:eop — |:1+ gm5 (r05 ” Rl):l rO7 + r05 ” Rl
A =~ _gml(Rop | fo39mslor)
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» If the tail current source is not ideal, then when a input CM
voltage is applied, the currents in Q, and Q, and hence
output CM voltage will change.
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For only CM input Va
signal, Vee
I, and I, must be Ve
Ie/2, respectively. [« /2-]= Rg
for only
- No voltage Yout1 CM signal
variation across R,
due to constant A Q; Q;
Iel2. Vit () e

+ . .
Ve ideal tail Vout1 —Vout2
— lee ? current source

Change of CM input voltage can change V,, but I is

constant due to infinite internal impedance
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Change of CM m
input voltage |— Vee
can change V,, —ta -
and tail current R¢ %lfor only =Rg m
is changed due ,, CM signal
to a finite out Vout2 Vout1 m
!nterl;al A Q4 Q, B
impedance + P +
Vin1 () * () Vin2 out2 r\\/
® \
" V—
vV CM N Vout1 ~Vout2
- lee C*) REE
= = tail current is
= = not fixed at /¢
non-ideal tail
current source rl
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out1

Vout2 Yout2

Yout1 ~Vout2 Vout1 ~Vout2

—7 55¢

.,
VA
J
Av
J

=

=
t

t

> As it can be seen, the differential output voltages for both
cases are the same. So for small input CM noise, the

differential pair is not affected.

CH 10 Differential Amplifiers
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_ Voo AV, =AV4 +2A1,R; €From KVL
. Rnéi Al, |[ZRo*ARp ::A5[25+2R$j,aumg3:éhl
Vout1 o9 Vout2 In In
Jav Em, wm, |—‘ — Al = 1AVCM Al =0,AVgs
Vem ’; a+ 2R
= s . AV, =AY, — AV,
=—Al R, +Al, (R, +AR,)
I D1 — llun(:ox W(VG81 _VTH )2 - Dé?/RD
2 L _ oM A
1 W 1/9,+2R,

|, == = (Ves, =Vo, )’
D2 Zluncox L( GS2 TH) {Avom _ ARD _ ARD J

Iy = 1o, & Al =Alp,, Ve =Ves, AVey | 1/9, +2Rss 2Ry

> If finite tail impedance and asymmetry in load resistance
are both present, then the differential output signal will
contain a portion of input common-mode signal.
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AVOUt

— ZSRC
1/9,,+2R

AV,

out3

Wl [ ]

{RoutS
Vbo—liQ3 /ACM—DM: \

AR,
1

R
? g+ 2[[1"‘ Oma(Ry Il 1 3)Ir0s + R, || r7r3]
N J
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.
AR e ®  |CMRR=_"ou

Vin1 <)+ E K Vin2 Acm _pm

WVCM Qi lee @) =R,

» CMRR defines the ratio of wanted amplified differential
input signal to unwanted converted input common-mode

noise that appears at the output.
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» Calculate the CMRR of the circuit in Fig. 10.46.

VCC
Rc= Rc +ARc
Vout1 ©—¢ Vout2
Q4 Qs
+ P
VCM P
= { Routs

Vb._I:Q3 CMRR: ADM — gmlRC
M —DM ACM—DM

"

Figurel0.46
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» Many circuits require a differential to single-ended
conversion, however, the above topology is not very good.
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» The most critical drawback of this topology is supply noise
corruption, since no common-mode cancellation mechanism
exists. The voltage gain is halved because the signal swing at
node X is not used
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» This circuit topology performs differential to single-ended
conversion with no loss of gain.

CH 10 Differential Amplifiers 80




Q, Q4
N

'ee — + Al
2

» With current mirror used as the load, the signal current
produced by the Q,can be replicated onto Q,.

» This type of load is different from the conventional “static
load” and is known as an “active load”.
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» The input differential pair decreases the current drawn from
R, by Al and the active load pushes an extra A4l into R, by
current mirror action; these effects enhance each other.
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Two signal paths:
one through Q, and Q,
another through Q,, Q;, and Q,

» The load on the left responds to the input signal and
enhances the single-ended output, whereas the load on the
right does not.
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» Similar to its bipolar counterpart, MOS differential pair can
also use active load to enhance its single-ended output.

CH 10 Differential Amplifiers 84



» Because of the vastly different resistance magnitude at the
drains of M, and M,, the voltage swings at these two nodes
are different and therefore node P cannot be viewed as a

virtual ground.
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KVL around the loop 1 consisting of all four transistors

—Va +(ix _gval)rON _(iY _gmNVZ)rON +Vour = 0

= =V + 2l Ton = G Ton (Vinl = Vin2 ) + Vo =0 KVL around the loop 2
V=V, = Vi T Ving & ix :_iy _VA_iX (roP ”1/ ng):O
Substituting for v, and i, , Vi ==Iy (e 11/ 9p )
Vout -1 Vout
- Omp ||Fop )+ 2, -
r.OP |:1+ ng(ng{’ ”rOP ):|( i OP) > rOP |:1+ gmp(gm|1:> ”rOP )]

+Vour = (SN rON (Vinl _Vinz)

fop [1"' Jinp (gr;ﬂ13 ”rOP )}
21, + 25,

= O (rON ”rOP)

out _
= - g mN r.ON
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v =V, &

( gml )r01+( +gm2 ) 02 VX
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0 Fos ll-—
_ m
Va = 1 (Vout +VThev) Im3
||r03 T RThev
gm3
\Y vV . +V
gm4VA 4 out + 1 out Thev — 0 A
I
ot ||r03 + RThev
gm3
KCL at node B 1
g [vos 1
: gm4 1 M + l
HrOB * RThev —Hrog + RThev
gm3 gm3
2 v,
= (Vout T Vihey ) +—==0
Thev ro4
1 1 r.(v.,—V
= Vit [ + j — Yrun Fon ( inl |n2)
fon ~ Top Fon
Vout
=t =g (Toufor)
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» Prove that the voltage swing at node A is much less than
that at the output.

VOUt 1
Voo Vo = _£ + ngAj(_Hros)
ros ||1_% fo4 Oms
Im3 |I:J M %rcm

A ! 4 Vo, 1
¢ ® oV ~ = + gm4VA
I out rO4 gm3
_Vino_l M1 M2 I—o *Vin ~ Vout .
—V, R Va
| = rO4gm3
Iss || =_You _g v
ro4 gm4 A — VA ~ out

]|
I

N
o
N
(@)
3
w
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Select 25 problems among 98 programs and solve them
Due date: September 22

An important piece of advice that | can offer here is that doing
homework with your fellow students is a bad idea!

To gain more confidence in your answers, you can discuss
results with your fellow students after you have completed
the homework by yourself
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