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Unit 3: EXERCISES

Ex1. For the following circuit, compute the current of the transistors (L = 1um).

Voo A Voo

SR R

M, A,
gn%

Data: Vpp = 5V, R =100 kQ, pnCox = 120 pA/V2, (W/L)1=(W/L)2=5, Vin = 0.8V.

Neglecting channel modulation and assuming saturation for both M1 and M:

_ Vop = Vesm1
=g

1

w
Iy, = Eﬂncox_ (Vs — Vth)2

9 VGS,Ml = 116V, IMl = 39 ‘U.A
M1 and M2 have the same size ratio, so:
Iy = Iz = 39 pA

In the file ex1_current_mirror.asc you can see a simulation of this example, showing
similar results than the theoretical ones.
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Ex2. Repeat Ex1 for the following circuit:

Voo A
SR
|
,
1777

Data: Vpp = 5V, R =100 kQ, pnCox = 120 pA/V2, (W/L)1=(W/L)2=5, Vin = 0.8V.

Neglecting channel modulation and assuming saturation for both M1 and M:

Vop = Vesm
R

Iyr + Iz =
1 w )
Iy = Iyz = E.Uncoxf Vs — Vin)
9 VGS,Ml = 116V, IMl = IMZ = 195 #A
Is it possible to replace M1 and M with one single device?

Yes, we can use one single device with twice the size ratio 2 (W/L) = 10.
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Ex3. Compute the output resistance of the following current source:

IOUt

VGG _| M . VOut

A 4

R

Data: R =50 kQ, pnCox = 110 pA/V?, (W/L)1=2, iout,pc = 10 A, A=0.04 V!
Using the small-signal model of M1:

IX
—

! * +
Vgs 4> g mvgs Mo Vx
R

vx
Tout = L— =R+71,+gnmR

X

w UA
Im = ZunCoxIID = 66.337
1

T = 2.5 MQ

= m
Tour = 10.84 MQ
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Ex4. Making use of the following circuit, compute (W/L)m1 to have the same output
resistance as in Ex3.

Iout

\/
VGG _| M2 out

—I, M

777

A 4

Data: pnCox = 110 PA/VZ, (W/L)2=2, ioutoc = 10 pA, A=0.04 V-1

Using the small-signal model:

—
l * +
Vgsz ¢ ngVgsiZ Moo Vx
|
+
Om1Vas1 o1 Vds1

r v_x To1702 (gml + gmz) + To1 + To2
out L 1+ Imi1To1

/2yn = 66. 33—

=2.5MQ

To1 = To2 =/UD
Tout = 11 MQ

> g = /2un Ip =19.22%
(7), = s
L), /

For instance, we can choose: W =1 um, L =6 um.
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Ex5. Compute the output resistance of the following current source.

lout

llOuA 110uA
Ms I > I

M3F]I——|[ M,

777

Data: pnCox = 110 pA/V?, (W/L)1=(W/L)2=(W/L)3=4, (W/L):=1, A=0.04 V!

D —
+
+
! \
Vgsz ngVgSZ Mo X
r01
Using the small-signal model:
1%
Tout = l_x =To1 T To2 + Imi1To1702
X
lous = 10 uA
w UA
Im1 = |2UnCox TID = 93-87

7, =2.5MQ

1= T2 = m
Tour = 591 MQ
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What is the minimum Vout we may have?

lout

110 uA 110 uA N
VOUt
| Vona+V -
M, JH—p [, M,
Voni+Vy Vona+V;

M3g_)—|—15:41

. . _ 21p
Where Von is the overdrive voltage =2 Vyy = Cox(W/D
Vb2 2 Vg, = Vr

Vout,min = Vonz
With I, = 10 uA
> Vout,min =0.426V
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Exercises adapted from:
- Allen, P. E., & Holberg, D. R. (2011). CMOS analog circuit design. New York:
Oxford University Press, USA.
- R Jacob Baker 2010 CMOS Circuit Design, Layout, and Simulation 3 rd ed Wiley
IEEE Press



