Large-Signal Response of MOS Differential Amplifiers

»  MOS differential amplifier

V+

IBIAS

o=
s Kirchhoff’s voltage law around input loop

=V Vv

Vip Gs1~ Vas2

For a sufficiently large positive differential input voltage, all of the current Ig;4¢
will be sunk through M and M, will be cutoff.
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Large-Signal Response of MOS Differential Amplifiers

*
= Solve for this critical value V,, by setting Ip) = Igjqg and Ipy =0 A

ES
s For |V ID| <V, we can solve for the transfer function

2 2
Iny = K,(Vgs1=Vyy) and I, = K, (Vo= Vo)
where K, = (1/2)W,C,,(W/L)

[ ] SOlVil’lg fOI’ VGSI - VGSZ = VID
JIp1=p2 = JK,(Ves1=Ves2) = JK.Vip
procedure:

use this equation and IDI + ID2 = IBIAS

solve for Iy, and I, as functions of V;p,
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Large-Signal Transfer Function for
MOS Differential Amplifier

» Transition width is adjustable via W/L and Ig;4¢
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Large-Signal Response of
Bipolar Differential Amplifiers

» Find large-signal transfer curves for collector currents I~y and I, and output
voltages V5 and V), as functions of V;,

O

V+

4+KQ 1

VaE1

IBIAS
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Quantitative Large-Signal Model
» Vip=Vge1- Ve

s Ebers-Moll for the forward-active region:

VBEI/Vth e(Vll - VE)/Vth

loy = Ige = Ig

VBEZ/ Vzh e(vlz_ VE)/Vth

I~y = Ige = Ig

Dividing the two equations, the emitter voltage Vg can be eliminated:

IC2 _ e(Vn V) Vi

1

VID/ Vlh
e

Cl

Since the two emitter currents must sum to equal the bias current /g4 g, the
collector currents are also related by:

olo _
Eb(_FD(Ia +1cp) = Ippas
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Large-Signal Differential Response

» Solving for each current as a function of the differential input voltage
Vip=Vi-Vp:

7= GFIBIAS
Cl _VID/Vth
I+e
7= GFIBIAS
C2 VID/Vth
l+e
= Output voltages:
V.o o=yt Ol prasic
01 _VID/Vth
l+e
Vo= vyt GFIBIASRC
o2~ " - Vin/V
1 +e ID th
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Transfer Functions for Bipolar Differential Amplifier

»  Width of transition region

look at current ratio in base 10 --

I
C2 Vip/ 60 mV
—= =10 " > V,p = (60 mV)log(I /1)

ICI

factor of 10 difference --> Vjp = 60 mV ... practically, £3V,, will swing the
output voltage between the limiting values

Vour A
Vo Vo2 -
1
+ _ “BIAS
V" = IgasRe
1 1 1 1 1 1 >
32-10 1 23 Vip (V)
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Large-Signal Transfer Function (Cont.)

= Vop=Vo1-Vo2

Voir=Vec-IciRe  Vor=Vee-Ic2 Re

[ 1 1 [l
Vo = Iy =T )R = apl . RO - 0
oD c2 “Cl/7°C F BIAs C Vip/V Vi’V
Dl+e D Vb 4 VD tH]

... which can be written as:

Vop = 'GFIBIASRCtanh(VID/ZVth)
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