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Emitter-Coupled Pair DC transfer

—VEE

Vi1 — Vpe1 + Vbe2 — Vi2 =0

I I
Vbe1 = V1In-t | Vper = Vrin 2

Is1 Iso
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Emitter-Coupled Pair DC transfer

B— ]
I V —V Vi1 — Vj V
Iex _ exp( bel be2) — exp | U1 2) _ oxp (ld)
Ico VT VT VT
Ic1 +Ic2 = alr
. alt . alt

le1 = Vig) *© 2= Vid

14+ exp|— 1+ exp|—

T T

Vo1 = Vcc —IciRc Vo2 = Ve — Ic2Rc

V-
Voq = Vo1 — Voo = alTRc tanh (— 'd )
2V
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Emitter-Coupled Pair DC transfer
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Emitter-Coupled Pair Emitter degeneration

—VEE
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Emitter-Coupled Pair Emitter degeneration
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Source-Coupled Pair DC transfer
— ]

—Vss

Vi1 — Vgs1 + Vgs2 — Vi2 =0

Ia1 Ia2
Vgs]_ — Vt + k/ wW ’ VgS2 — Vt _l_ k/ wW
2 L 2 L
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Source-Coupled Pair DC transfer

- =
Ig1 +Ia2 = I
Via = Vi1 — Vi2 = Vgs1 — Vgs2 = \/%/—VJVIE
2 L
T e A
Ia> = I; B IivlilvidJ k/(il/i/T/L) ~ Vi

Both transistors operate in the active region if

211
|Vid| < Jk’(W/L) = vV2Vov|v,y=0
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Source-Coupled Pair DC transfer
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Differential Pairs

Small-signal analysis

—
> >
vie () ~ \gd ® -
V.
Tow — *Jow
Vid
Vii1 = Vic + <
Vid =— Vi1 — Vj2 2
v-
ic—VI1+VI2 VI2=VIC_;I
2
—_— _ Vod
Vod = Vo1 — Vo2 Vol = Voc + S
Vo1l + Vo2
Voc = . Vod
2 Vo2 = Voc — 5
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Differential Pairs

Small-signal analysis

Differential-mode gain:

Vod
Adm = —
Vid viC=O
Common-mode gain:
Voc
Acm = —
ViC Vid=0
Common-mode-rejection ratio:
A
CMRR = dml
Acm
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Differential-Mode

BJT and MOSFET

— |
Vee Vbp
Ro Ro Ro Ro
+ Vod — + Vod —
Qs Qs - M, M |F
v v v v
$0 O-% %0 O
-k Rr -k Rr
~VEE —Vss
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Differential-Mode

Small-signal equivalent

R
+ +
Vod _ Vod
2 2
1 1
+ +
OmV1 OmV2 *
V=0
Rt l Ix=0

BJT: ripn=rx

R = Rc
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Differential-Mode Small-signal equivalent

R R
+ +
Vod _Vod
2 2
L L
+ +
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Differential-Mode

Half circuit

O +
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Common-Mode BJT and MOSFET

—VEege —Vss
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Common-Mode Small-signal equivalent

B— |
R R
+ +
Voc Voc
’ I I
+ +
VicCJ_r n < vq ?gmvl ngz? Vo < fin
Rt
BJT: rihn=rx MOSFET: Frjy = o
R = Rc R =Rp
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Common-Mode

Small-signal equivalent

Vic CJ_F

+
Fin V1

R
+ +
Voc Voc
1 1
+

\ OmV1 Om V2 \ Vo

i,=0
2Rt 2R:
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Common-Mode Small-signal equivalent

R R
+ +
Voc Voc
. 1 1
+ +
Vie (* in < vy HImVe  ImVa<y) Vo < fin
2Rt 2Rt
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Common-Mode Half circuit

—
o
R Voc
I
R
Voc = — Vic
— + 2R
Im
A — Voc . R . dmR
cm = —— = — = —
Vic Vig=0 1 _I_ 2RT 1 + 2ngT
Im
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CMRR and R;

A

CMRR = Adm = [1 4+ 29mRT
cm
Vi Vi
- — linfin = Rijd = i'd = | 2rjn
in viC=0
V-
Ric = = |rin+ (B+1)2RT
Iin Vidzo

If Rijc > Rjq, the input resistance can be represented by:

Riq/2 Riq/2
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Input Offset Voltage and Current

3
+ o | +
+o +\ o+ v ~ + +
Vip > Voo — D los/2 Vob
— 0 T o — — 0 I—T o —
Differential amplifier Differential amplifier
with mismatches without mismatches

Vos . Input offset voltage

Ios : Input offset current

+\ 0 +
Vin(F) V
D —/> 0P Vop =0 = Vos=Vp

ELEN 326 - Aydin I. Karsilayan - Differential Pairs 21



Input Offset Voltage Emitter-coupled pair

—VEE

Vi1 — V2 = VpBg1 — VBE2

I I
VT In Cl) — VTiIn (C2)
Isi

Icﬂsz)

Icolsq

VT In
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Input Offset Voltage Emitter-coupled pair

——— ]
Ic1ls2
ViD = Vi1 — Vi2 = VTlin (
IcoIsy
Vop = Vo1 — Vo2 = Rc2lc2 — Reilci
Vopb =0 = Vos=Vip
I R I R I
il p— 7C2 — Vos :VID =VT| (C152) pm— VT| ( C2 52)
Ico Rci1 Icolsa Rcilsi
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Input Offset Voltage

Emitter-coupled pair

AR Alg\]
Re—5 "t - 2S
Vos = VTlIn ARCc Alg
R I —
|Rc + > s + > )
If ARc < Rc and Als K Ig
AR Al
Vos ~ Vrinl|l1——"-C¢ (1—5)]
Rc Is
_ ARCc Alg
~ Vti|ln|l— +In{l———
Rc Is
AR Al
~ VT — ¢ — S)
Rc Is

OVos — VT\/(GARC/RC)z + (O'Als/ls)2
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Input Offset Current

Emitter-coupled pair

B— |
Icy —1I
Ios = Cl,@ c2 when Vop = 0
Alc Alc
Ic:1=lc-|-2.lc:2=lc:—2
A3 AB
Alc Alc
- lc+t— Ie—— Ic (AIC Aﬂ)
©s T AB A | Tl B
Ot Py

For Vop to be zero, Ic1Rc1 = Ic2Rc2, therefore,

Al AR
=C — C = Ios ~ ( — )
Ic Rc B
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Input Offset Voltage Source-coupled pair

I— |
—Vss
ViDp = Vi1 — Vi2 = Vgs1 — Vgs?2
2Ip1 2Ipo
= V — Vo —
1w/ V2T KWL,
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Input Offset Voltage Source-coupled pair

R— ]
Vop = Vo1 — Vo2 = Rp2lp2 — Rpilp1
Vop =0 = Vops =V
2Ip1 2Ipo
VOS:th_Vt2+J —J
(W/L)1  \K(W/L)s
where
Ip1  Rpo2
Ipo Rp1

Vgs — V AR A(W/L
Vos%AVt+(GS t)(_ D A( /))

2 Rp (W/L)
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