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LO-6
The Analysis and Design of Currents Mirrors and Active Loads

1. For the CMOS circuits shown in Figs. a,b,c,d, determine the operating modes (CUT-OFF, NONSAT,
SAT) for all transistors. Find all labeled DC voltages and currents. Show all your work. For each of
the circuits, put your results in a table. All devices have the same parameters;

NMOS transistors: p,Cox = 40 pA/V2, Ven = 0.7V
PMOS transistors: p4,Cox = 20 pA/V2, Vp=- 0.7V

For both NMOS and PMOS transistors, channel-length modulation and body effects can be
neglected, i.e, A = 0, y = 0. The DC bias voltage sources VDD, VSS and current sources are assumed

ideal.
+VDD-+10V +VDD=+10V
+VDD=+10V M2
10/10 Ill J)n
M1l
10/10 v2
V1 I 10/10 10/10
50uA
I
50uA
Vi I
ML 100uAa
— — 10/10
(e)
(a) b = —
2. In the CMOS circuit shown below,
NMOS transistors: +VDD=+5V
tnCox =50 WAV, Vin=1V, 4,=0.02 1)V, 3, = 0. N b
PMOS transistors: 18/6 22
WpCox =16 WA/V2, Vip=-1V, 4, =0.02 1)V, 3, = 0. 3
M5
The supply voltage is Vpp = 5 V. The two input 18/6 2 6/6
voltages have DC bias components Vi, Viz, and the IXH |_
small signal components vi;, viz. The device sizes ’ o
W/L in pm are shown in the Figure. (State the R, lIR
approximations you made in solving the problem.) L l L l
a) For Vi3 = V= 1.4 V, resistance R selected so that Ml M2 R
all devices operate in the active mode. Find the Vi Vi —l 6/6 12/6 |7+ v 5
DC bias currents I;, I, I3 Iz and the DC bias o
voltages Vi, Vb Find R. — L —_

b) For Vi3 = Vi= 1.4 V, and R found in (a), find the
range of the output voltages Vomin < Vo < Vomax,
such that all devices operate in the active mode.
In parts (c) and (d) of the problem, you can assume that the circuit operates at the point found in (a),
and that V,, is such that all devices are active.

c) Find the parameters g1, ras;, Gma sz iN the small-signal models of the devices M1 and M2.

d) Find the small-signal output v, as a function of the small-signal inputs v;;, v,. Find the output
resistance R,

e) If Vi =5V and V2= 0V, and R is as found in (a), determine operating modes of all devices. Justify
your answers.
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3. Consider the following current mirrors. This current mirrors are to be used as current sources.

For each current mirror

(i) Expressio=loq in terms of the biasing current Iz where [g>0.

(ii) Determine the limits on loq and Voq.

(iii) What is the small signal equivalent resistance R, seen from the output port.
(iv) Compare the results.

IBl li;
i+

|Bl lio M3 :_||——||: My
e« Vo

M, :||——||j|v|2 Vo M, :||——||:M2

(2) (b)

4. In the Wilson current mirror shown, assume the l " l lo
transistors’ parameters are

Vr=0.75V,K, =48 nA/Vvz,
The aspect ratios are
W1/L1= Wz/L2=W3/L3=5 ] Vo

for M1, My, and M3 respectively.

Determine and plot the family of output current Io M, | M,
characteristics as a function of Vo, where Iy is the |
parameter to be varied to obtain the family of curves.

5. For the current sources given below, assume the transistors M1, M,, M3 and M4 are identical, i.e.,
they have the same process parameters and the same aspect ratios.

+Vpp +Vbp

IREF \ J& IREF

s

S

My ™ M, _]|

'VSS 'VSS
(@) (b)

6-2



a) Express the output current I in terms of Irer and the circuit and transistor parameters.
b) Assuming that gmi = gm2 = gm3 = gm and I'as1 = I'as2 = I'ds3 = I'o, determine the output resistances R,’s.
c) Compare the circuits given in (a) and (b).

6. For the current sources given below, compare the small signal output resistances as defined
below. Assume M;, My, Mz and M4 are identical, i.e., they have the same process parameters and
the same aspect ratios.

@ +Vpp @ +Vpp
Iss Iss
Is Is

Ro : RO

M }—4“: Ma Ms }——“: M4
v w——m
! !

-Vss 'VSS
(a) (b)

For the circuits given in (a) and (b), assuming that

Em1 = 8m2 = 8m3 = 8m4 = 8m

I'ds1 = I'ds2 = I'ds3 = I'ds4 = I'o
a) Express the output current Iss in terms of Ig and the circuit and transistor parameters
b) Determine the output resistances R,’s, and compare them.
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