Example

Vpp=Vss=1.5V, I1=0.4mA, Ry=2.5kQ. Minimum voltage across current source Vg=0.4V
For Q, and Q,: k,=4mA/V2, V, =0.5V. Find Vg, Iy, Ipy, V4, Vi, for 3 different V¢, below:

Due to symmetry, I, =1,,, =1/2 for all 3 V,, values
Vis =V, +{JI/k, =05+0.32=0.82V

Vo=V, =V,, -05I-R,=15-02x25=1V

=0

+15V

Differential output V,, -V,

=15V -15V

Maximum V,,, should keep Q, and Q, in Saturation
Vs >Vas =Vir Vo =Vs>Vo=Vs =V Vaurma = Vouma = Vo +V, =15V
Minimum V,,, should keep V; above minimum current source voltage, V

&( Vet ==Ves + Vegmin + Vs ==1.5+0.82 +0.4 = -0.28V
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Operation with Differential Input Voltage

k

. . k
Ip =3"(V031 _Vz)z; Ipy =§(Vcsz _Vr)z

; ; k k
\/a_\/;=\/%(vcm _VGSZ)=\/;VM

square both sides, and recall 1

Ipy+tipy =

— k,
2 Ipilpy = I_Evzzd

v substitute i,, =1-ip,, solve quadratic equation:
— . 1 v, v, /2)
= = Ipy =—*Jk I [1-id—2
P2 TN 1/k,
é=%knv02V = kn =1/V02V

R S /1_(v,.d/2)2
D12 - 2
2V, 2 Vou




Operation with Differential Input Voltage

zD]2=£Iih 1_(VM/ZZ)2 Nearvl.d=0;
2V, 2 Vov 1- (v,-dV /2 2) ~1 (neglect high-order terms)
e ov
___________ I for = é ¥ Viv %d
ioz = l —Lh
2 VOV

L 1 Vo‘
=14 —-10 —06 —02 0 02 0.6 1.0 1.4
[Vialmax = V2 Vor [Vl max = V2 Voy
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Current of Differential Pair for
Various Overdrive Voltage
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The linear range of operation of the MOS differential pair can be extended by

operating the transistor at a higher value of V,,,




