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Common and Differential Modes
Consider a circuit with the two-port configuration shown

Define (convention) the voltages:

Ji Y4
oy : 14 :V1+V2 Ve=v,—V,
Z, -2
D p V.= "common mode voltage”
11, 4 v, = “differential mode voltage”
— >

v, 1.LetV,=V,=V=>V =V&V,=0
2.LetV,=-V,=V=>V =0&V,=2V
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Replace V_, V, with CM and DM Sources

I Z
— , Simultaneous Equations:
5 . : V. 4+V,=2V.
DA — V—V,=V,
j [] +12 .
-V/2<i> Adding: 2V =2V +V,
@ V.=V +V,/2
@ v Subtracting: 2V ,=2V —V,
Definiton V =——2 V,=V,-V,

2
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Common and Differential Mode Currents

7 . .
L ! Simultaneous Equations:
23 [,+1,=1,
ZZ > ]1—1222 ]d
I
‘ Adding:
21,=1+21,
1,=112+1,
Subtracting:
[,—1, 21,=1,-21,

Define (convention): I =1,+1, I,= 5
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CM-DM Circuit Description
1/2

1. Voltage sources redefined
as common and differential
mode quantities.

vy
N

2. Differential mode currents
take “blue” path.

3. Common mode current takes
[ =1+1I, “red” path.

[,=1/2+1, I1,=1/2—1,
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Analyze Circuits by Superposition
Balanced Circuit Differential Mode (V = 0)

I + V- [.=1+1,=1,—1,=0
> Z, /Vx Vi, Va_
V2 _ _ 2 2 T2V
g@ ZId Z3 - [.=1+1,= Z + Z T =0
[,=1 <
-« Z, [,=0=>V1_=0
é‘*i—- VZZ+ Vzd_<_5d) V
-V /2 — —_d
iz La Z+Z, 27
R s e Ly
in—dm_zld_

balanced circuit => Z2=2,=Z  \o1E f Z,=Z,+8Z,then] £0 =>V_#0.
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Analyze Circuits by Superposition
Balanced Circuit Common Mode (V = 0)

I = l.=7 ||ch+z :ch
R Z] 1 2 3 E+Z3
2[.=I —[.=0|>» Z I ]
d 1174 > 3 — _ Ao Lo _
]2 - 2Id—11—12—7—?—0:>]d—0
) Zz
[C
IC/2
Z ==

balanced circuit => Z,=2,=Z
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Summary

In a balanced differential circuit (Z, = Z, = Z):

1. Differential mode voltages result in differential mode currents.
2. Common mode voltages result in common mode currents.

The differential mode input impedance of a balanced circuit is:

Z =27

in—dm

The common mode input impedance of a balanced circuit is:

Z
Z. =247,

in—cm )
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BJT Differential Amplifier — Bias View

Q1=02
B y o balanced
femadal? el Rey=Re,=Re circuit
+ ;RCZ ;R % —— Ve
« Ry =Rp=Ry
I, I, -
T i i, 1, 92 . T | Collector bias path inherently
Bi B2l L7 common mode.
Q , | —Vee
) _ Choose /_and R_. for approximate
I 72 V.. drop across R...
IE: cm
2
— Icm J .= ]cm ]cm
2B+l T T
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Voltage Gain & Input Impedance

: .
- . vi—dm » — vi—cm
in—d, . . in—cm .
T e Vera Re e — vee Fo-em §RCJ R, —Vee
i o — v + VCZ-dm. VCI -cm - + VCZ
Bl-dm l -cm
—» o-dm —p B2-dm lB] -cm vo cm lBZ-cm
—— Q1 Q2 . a1 o 1
m/2 G_) il — RBZ L L R LJ R32 —
f. vl . —\Vee v y Bl _ —
Lo rof% D1 = i-em \; »> QDI — Vee
/2 S l - - I"O 5 [ =
- CM
m -dm 7
. ] in-cm
Single-ended outputs: v, ., v, ,, Single-ended outputs: v v
Differential : - - = -
erential output: v =v_-v Differential output: v =v -y
(diff) (se) (diff) (se)
A _ Vo—dm A _ vcl,2—dm A —_o—c¢cm A _ Vcl,2—cm
—dm v—dml, 2~ v—cm —eml, 27
e Vi dm Vi_dm Vieem e Vi_em
2008 Kenneth R. Laker update KRL 270ct09 10



Penn ESE319 Introduction to Microelectronics

NNNNNNNNNNNNNNNNNNNNN

— [, current source Z,=7Z,=(B+1)r,
output impedance Z,=(B+1)r

NOTE:
1 r_for amplifier Q1 & Q2 is ignored.
N v, /2andv_ are ac small signals
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Superposition Small-signal Analysis
Differential Mode (v, = 0)

Balanced circuit => R.,=R,=R., Ry, =Ry,=Ry,7r,=r,=r,, B,=B,=B

:>le1:le2:le’lb]:lb2:lb’ ZCIZZCZZZC

DM Path (ignoring both R,):

V.

i—dm i—dm

@vi—dm/2 2 :ie dmre+le dmre_ 2

=210, . =2(B+1)r i, .,

_rin—dm lb—dm

ﬁ+1 /3+1 - 1
Lotam= Ve am=1es Lrgm =l o gm="1,y=—1, Vin—dm— (ﬁ_'_ )
Ut —am™ L= o=y = Lb2—dm = p—am™ ibzz_ib Recal: Z. _, =27
Lejmam ™ Vemam=Le1 =1, L reim =l ogm— L=,
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Superpos:tlon Small-signal Analysis
Differential Mode (v. = 0) cont.

Balanced circuit

ib]-dm L cl-dm 02 me Ll i

Vo—dm — ch—dm o Vc]—dm

v =—R.B(—i, , )—(—R.Bi
4:. — CI¢<RC , . = b2-dm o—dm | C'B< b—dm) ( Cﬁ b—dm)
bl o-dm Ly Veo—dam Vel—dm
1 Bi ’i«Bl e V.
R g TP b2 i _ i—dm
+“\ /123 i i ’\I:\ef\ rfz\ Ry P 2(.8"' 1)r,
G‘y/vz’—dm l ie? Fiez ®vi—dm/2 ﬁ
- . Yo 1 - Vo- a’m_\X ( +1) dm
Lytam e2-dm | | B
= DM Differential voltage galn
A . vo—dm_ RCﬁ - RC
. . . . . . _ . _ . _d —_— —_ ~o
Let—dm— Ye—am—ler— e Lezmam=be—am=™ " te2= Lo e Vi dm (B+1)re Fe
pi—am=lp—am=15:=1p | Ip2-am—1ls-am— Lp2=—IL» DM Single-ended voltage gains:
ic]—dm:ic—dm:ic]:ic Tic2—a'm:ic—dm:_iC’Z:_ic A __A . Vc2—dm_ :BRC ~ RC
. . —dm2 —dml -
i =Bi, . yoam Ty e 2(B+1)r, 27,
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Superposition Small-signal Analysis
Common Mode (v, , = 0)

Balanced circuit

Z,=7Z,=(B+1)r, y Z,=(B+1)r,

i-cm

cm T le—cmT tel T te lcm/2:le—cm2162:le

lbl—cm:lb—cm:lblzlb lb2—cm:lb—cm:lb2:lb

lc]—cm:lc—cm:lc]:lc ch—cm:lc—cmZZCZZZC

CM path: both  are in parallel

Vi—cm:[re”re—l_ro]icm
V. NV

l. _ i—cm
cm re 7
—tr,

2
e—cm:<3+1>2ib—cm

i =2i
s
v, =20, (B+1) Ee+r0

i—cm

o

v

in—em

" (B 1) (Ztr, )~ (1),

21b o 2

Z.,,

Recall: Z,
eca in—cm 2
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Superpos:tlon Small-signal Analysis
Common Mode (v. , = 0)

Balanced circuit

v =v

o—cm c2—cm

— . vo—cm:_RCBib—cm_<_RCBib—cm):O

l
Blbz = R . vi—cm vi—cm
1, .= =~
W»J—_ B T (B+1)|r 427, (B+1)2r,

- _RCE
VcZ—cm_Vc] cm~ —R Blb cm”~ <3+1)27"0 Vl—cm

—V

cl—cm

. — R i =R . . ) VvV _
b an™ BTy v fean=Blrin  CM Differential voltage gain: |4, ,=—>"=
—» Vieem
; i s o = . . . CM Single-ended voltage gains:
/2_Ze cm l l ) lcm/zzle—cm:leZZZe g g g R ﬁ R
_ . . T V
lbl —cm lb cm_lbl_lb Lho—em— Vo—em— Lp2=1p Av—cm2:Av—cm]: c]—cm:_ < N——C
lc] Cm_ic _l l icZ—cm:ic—cm:iCZZic Viem (B+1)27'0 27"0
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Summary

Differential mode:

V.

in— dm <ﬁ+l)

Differential DM Voltage gain:

A . vo—dmNRC

—d
veamn oy, 7

i—dm e

Single-Ended DM Voltage gain:

Common mode:

r
= (B4 D)| 47, [ (B+ 1),

Differential CM Voltage gain:

i—cm

Single-Ended CM Voltage gain:

A . A _VC] dm RC A :A :vc]—cmN_ RC
v—dml —  “tv—dm2 ~ 9 v—cml v—cm?2 V 27

Vi—dm 7" I—cm 0
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