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Razavi

Diff pair with MOS diode load
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5x reduction of ID (M3, M4) => gmP reduced 5x => 

5x gain increased with the same Vout range (Vgs-Vth fixed)
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VDD

VO

VI2
VI1

VSS

M1 M2

M3

M4

DC bias

M5

5.2 Active load NMOS differential pair

input: differential signal

output: single-ended

M4, M5: active load

(1) x2 differential mode signal

(2) Cancel common mode signal
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Common mode input

(Vi1 = Vi2 = Vic)

=> Vo = 0

VDD

VO

VI2
VI1

VSS

M1 M2

M3

M4

DC bias

M5

Current mirror operation of 
active load(M4, M5)

~= Vic / (2 x ro3)

(Vic)(Vic)

5.2 Active load NMOS differential pair
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Differential mode input

(Vi1 = 0.5 Vid, Vi2 = -0.5 Vid)

=> Vo = gm x Ro x Vid

Current mirror operation 
of active load(M4, M5)

0.5 x gm x Vid

VDD

VO

VI2
VI1

VSS

M1 M2

M3

M4

DC bias

M5

(-0.5 Vid)(+0.5 Vid)

5.2 Active load NMOS differential pair
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Small-signal analysis (Ro)
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5.2 Active load NMOS differential pair

Apply the Gm Ro method



7

Ch 5 EECE569 Analog IC

ro4

vx

i4

M1

M2

R4

ro1

ro2 +-

ro3

R2

R1

rs4

'
1i

'
2i

'
1R

Small-signal analysis (Ro)

5.2 Active load NMOS differential pair
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Small-signal analysis (Ro)
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5.2 Active load NMOS differential pair
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Small-signal analysis (Ro)

5.2 Active load NMOS differential pair
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Small-signal analysis (Gmd)
Gmd: differential mode transconductance

5.2 Active load NMOS differential pair
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Small-signal analysis (Gmd)

5.2 Active load NMOS differential pair

Gmd: differential mode transconductance
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Small-signal analysis (Gmc) Gmc:common mode transconductance

i1 ~= i2 ~= vic / (2 x ro3)
i1 slightly smaller than i2
Ioc : very small negative

5.2 Active load NMOS differential pair
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Small-signal analysis (Gmc)

5.2 Active load NMOS differential pair

Gmc:common mode transconductance
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Small-signal analysis (Gmc)
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5.2 Active load NMOS differential pair
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5.2 Active load NMOS differential pair
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5.2 Active load NMOS differential pair

Details of deriving Gmc
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5.2 Active load NMOS differential pair

Details of deriving Gmc
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5.2 Active load NMOS differential pair

Details of deriving Gmc
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5.2 Active load NMOS differential pair

Details of deriving Gmc
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Small-signal analysis (Gmc)

5.2 Active load NMOS differential pair
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Active input common mode voltage range

1.4.4.1.1.3. THTHDSATDDICTHDSATDSATSS VVVVVVVVV +−−<<+++

VDD

VO

VI2
VI1

VSS

M1 M2

M3

M4

DC 
bias

M5

5.2 Active load NMOS differential pair
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Ch 5 EECE569 Analog IC Summary : Differential pair with active load

VDD

VO

VI2
VI1

VSS

M1 M2

M3

M4

DC bias

M5

input: differential signal

output: single-ended

M4, M5: active load

(1) x2 differential mode input

(2) Cancel common mode input
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Summary : Differential pair with active load
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1.1.3.1.4.4. THDSATDSATDDICTHTHDSATSS VVVVVVVVV −−−<<−++

M6 M3

M1 M2

M4 M5

VSS

VDD

VSS

VI1 VI2

VO

PMOS input diff pair

5.2 Active load NMOS differential pair

Active input common mode voltage range
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PMOS input diff. pair

NMOS input diff. pair

VSS VDD

5.2 Active load NMOS differential pair

Active input common mode voltage range
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5.2 Active load NMOS differential pair

input offset voltage
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5.2 Active load NMOS differential pair

input offset voltage
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5.2 Active load NMOS differential pair
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5.2.6  Low frequency PSRR of CMOS active load diff. pair (*)

ddo
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A
PSRR ∆+

sso

vd
vv

A
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PSRR : power supply rejection ratio

5.2 Active load NMOS differential pair
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5.2 Active load NMOS differential pair

Low frequency PSRR
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5.2 Active load NMOS differential pair

Low frequency PSRR +
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5.2 Active load NMOS differential pair

Low frequency PSRR +
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5.2 Active load NMOS differential pair

Low frequency PSRR +
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5.2 Active load NMOS differential pair

Low frequency PSRR +
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5.2 Active load NMOS differential pair

Low frequency PSRR -
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Razavi

Differential mode

Same as CS amp

Common mode

Pole at P decides HF response.

If this pole << output pole

Degrades HF CMRR too much
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Razavi

Common mode

Zero at node P : 1 / (ro3 * Cp)

Pole at P decides HF response.

If this pole << output pole

Degrades HF CMRR too much

Cp : Reduction of HF CMRR Mismatch causes 

HF common mode noise diff mode
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Razavi

Reduction of HF CMRR 

HF common mode noise diff mode

Rss => 1/(s Cp)

More significant at high frequency
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Razavi



45

Ch 5 EECE569 Analog IC Differential pair with active load

Razavi

Mirror pole (at node E)
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Razavi

Differential pair with active load

Razavi

Mirror pole (at node E)

inoNmNX VrgV =

oNX rR 2=

Thevenin equivalent ckt

EmP
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Razavi

Differential pair with active load

Razavi

Differential pair with active load

Razavi

Dominant pole

Mirror pole (at node E)
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Razavi

Differential pair with active load

Razavi

Differential pair with active load

Razavi

Differential pair with active load

Razavi

Differential pair with active load

Razavi

Negative real zero)

Due to fast path (M1,M2) + 
slow path (M1, M3, M4)

Av(s) = Aslow(s) + Afast(s)
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Differential pair with R load

(1) Large signal transfer curve

(2) Small signal characteristic (Gmd, Gmc, Ro)

(3) Active input common mode range

(4) Input offset voltage

(5) Common mode to differential conversion due to mismatches

Differential pair with diode load

Differential pair with active load

Differential pair: frequency response


