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2. a) V1 = VOVl + VTH

_ 1 W0 _1 W2 _
IREF - ;.“ncovaovl - E.uncox TVOV29 Vovl - Vovz

“ Vo =V + Vo + Veg = 2(Voyr + Vrg)

b) Vovi = Vovz = Vouz = Vo
To keep M3 in the saturation region, Vpgs =V, — Vpy
To keep M4 in the saturation region, Vo, =V, — Vg

Therefore, Vo = 2V, + Vg

¢) Vi = Vour + Vpy

_ 1 w 2 _ 1 w 2 _
IREF - E.“ncox Tvovl - E/“anox Tvovz» V0v1 - Vovz

To keep M1 in saturation region, Vpg; = Vyuq
V2 = Vps1 + Vovz2 + Vry

Therefore, VZ = 2V0171 + VTH

d) Vo =2V + Vrg, 80 Voue = Vo — Vg = 2V

Vout 2 ZVovl

e) Figure 2 is better because it consumes less voltage headroom than Figure 1.

But Figure 2 need extra biasing circuit. It takes more power and area than Figure 1.

3. VBEl = VBEZ + IOUT X 1k.Q
Vg1 = Vrln <I_):VBE2 = Vrln(l—)
S S

1mA
Vgg1 — Vggz = 26mV X In (—) = loyr X 1k
ouT

IOUT = 0.069mA
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