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m Differential Amplifiers 1
> MOS Differential Pair

EE115 Analog Circuits
Differential Pair

m Reading: SEDTRA/SMITH book pages 576-594
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St Why Differential?

m Differential circuits are much less sensitive to noises and
interferences

m Differential configuration enables us to bias amplifiers and
connect multiple stages without using coupling or bypass

capacitors
S m Differential amplifiers are widely used in ICs
Ry = Vgs3 = Vgs — VUss = Va2 = Ugsz = —lxTos 7ﬁ = —iy T2 > Excellent matching of transistors, which is critical for differential
i m . .
Uiz _ )i circults
Vgsz = ix/Gm1 Im3Vgs3 = —\Gm3aTo2)lx . - . ) . . 3
; ) . iy > Differential circuits require more transistors-not an issue for IC
Ima? = e ST vy = (i + gm37021x)r03 T
m2Ygs2 Im2 Im1 £3 Imi1
Vg3 = Vaz = —ixToz R, = 1;_;( = (gmaTo3)Toz + 1oz + ﬁ = (gm3To3)Toz 3/16 ﬁigﬁéﬁ 4116




MOS Differential-Pair
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B Two matched MOS transistors Common

current bias. Basic Config.

m Differential signals applied to v;; and v,
(equal amplitude but opposite sign).

m Differential outputs are produced at v, and
Vip-

m Note: in differential configuration with 0

differential input, Vs is fixed for both @, and
Q.
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Example: diff pair
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Vop= Viss= 1.5V, /= 0.4mA, Rp= 2.5kQ. Minimum voltage across current
source Vc= 0.4V. For Q and Q,: k,= 4 mA/V2, V,,= 0.5V.

(@) Find V,,and V¢ for each transistor

Solution:
+1.5V

I
Ip1 = Ip2 = 2
2.5kQ

1. 2
= 3k W/L)VG,

2
M _lw
—[, o ; 2N
Vcﬂ,g Voy = 0.316V

0.4mA

Vis = Vi + Voy = 0.5 + 0.316 = 0.82V

-1.5V
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Continued (Common-Mode Input) LW A AS
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® The common voltages applied to both @, and @,

Differential Pair
are referred to as V4,

Rejects Common-Mode Inputs

Vop

® Common mode inputs usually come from noises
or interferences.

m Differential pair should reject V,,,: :
> Since Vgs1 = Vgsz = Vi ++/T/ky is fixed ' i
> Vem simply changes the voltage at Source, Vs

m The drain currents remain fixed:

Vemmin = —Vss + Ves + Vs
vp1 = Vpz =Vpp =5 Rp =—Vss + Ves + Ve + Vou
Vemmax =Vp + Ve
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I
= Vpp — ERD + Ve
Vs Minimum voltage across current source Gl
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(b)Find Vg /51, Ipp, Vi, Vi for 3 different V,, below:

Solution:

Vs = Vg — Vos = 0— 0.82 = —0.82V

Vs = Vg — Vs = 1 —0.82 = +0.18V Vs = Vg — Vs = —0.2 — 0.82 = —1.02V
I I
Ioy = Ipy =5 = 02mA Ioy = Ipy =5 = 02mA

Ves = —Vs — (—Vgs) = —1.02 + 1.5 = +0.48V
Vo1 =Voz = Vop —

1 1 1
Vo = Vo2 = Voo ~ 5 Rp 2R =15-02x25=+1V Ipy = Ipp = 5 = 0.2mA
=15-02x25=+1V Vo = Vi — Vg = OV

1
Vo1 = Vb2 =Vpp =5 Rp = +1V
Vo =Vpa = Vpy =0V

Ipts Ipzs Vo1, Vo, V, are unchanged

Vo = Vpa — Vpy = OV 8116
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Continued

(c) What is the highest/lowest permitted values of V¢,?

+1.5V Solution:

2.5kQ 2.5kQ
Vemmax = Ve +Vp

=05+1=+15V

Vemmin = =Vss + Ves + Vs
Vem

=-15+0.4+0.82 = —0.28V

| ) 0.4ma
—0.28V < Vey< +1.5V

-15V
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Operation with Differential Input Voltage
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4 _/ 1 vid)

o =5 +(Vo,,)( 2
o A 1 1 (Vid)

2 =5 = \Vor )\ 2

[Vidmax= v2Vor [Vidmax= V2vor
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Operation with Differential Input Voltage

1w
ip1 =5 kn o (Ves1 = Ve)?
1w

ipz =5 kn - (Vesz = Ve)?

1 w
Vi1 = [ipz = Ekﬁf'vm

Va1 VG2 ip1 +ipy =1

|
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Current of Differential Pair for Various V,,

m The linear range of operation of the MOS differential pair can be
extended by operating the transistor at higher V,,,

p

Voy=0.2V" 2 o i Voy=0.2V
Voy=0.3V Vov=0.3V
Vov=04V— > -~ V=04V
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Small Signal Operation
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V61 = Vem +5Via

V62 = Vem =5 Via

_2p _20/2) _ I

" Vov  Vov  Vov

Voa _ Vo2 — Vo1
Ag=2="2_C_g Ry
Vid Vid

©

B For differential AC

B This virtual ground

small signal, the
differential pair is
anti-symmetric. The
potential at the mid
point is zero. This is
called Virtual
Ground

is obtained without
bypass capacitor
-> much smaller
area and better
frequency
response
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Differential Half Circuit

B Because the two halves of the circuits are anti-symmetric, and source is
at virtual ground, we can simplify and just analyze the half circuit

Rp

(%)o—' o]

Equivalent half circuit
If consider r,:

Ag = gm(RpI75) 14116
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Differential Amplifier w/ Current-Source Loads
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(b)

Vo

d
Ag = —— = gm1(o1l|703)

Via

15/16

i R bR

%/ ShanghaiTech University

Cascode Differential Amplifier

m Cascode configurations for both amplifying transistors and
current source loads.

Vod

Ag = °C = gml(Ron”Rop)
Vid

Ron = (GmaTo3)To1

Rop = (GmsTos)"o7
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