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1

(a) Small-signal model:

<+ Om1Vin Fo1 fo3 1) “OmsVou %ros

(b) Find the DC gain:
KCL a.t Vout:

gmlvin + (gdsl + gdsS + gdsS - gms)\/out = 03

g r01r03r05
ml
Vout — gml — r01r03 + r03r05 + r.olr05 - _ gml(r01||r03||r05)
Vin Oust ¥ sz T Jass ~ O 1-g Fo1lo3los 1- 9 (rol||r03”r05)
ms + +r,r
rolro:% ro?>r05 ol' 05

(c) What kind of circuit element do &and M realize?

Answer: From (b) we can see that M5(M6) realize a negasestor. If sized properly
this can be used to increase the gain of the tircui

2)

To have a perfect mirrorpéi= Vps2=Vy=1 V.
Thus Vosz3=Vop-Vps2=2-1=1V

Iy = 1ps = (1= 05)°(1+ 01x1) = 4x (Vg — 05)°(1+ 0.1x1) = Vg, = 075V
So: Ww=1+\Ves3=1.75V.

Answer: Vp=1.75 V.
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3)
T 1
Mo2 Rp, C.
3

(a) Small-signal model:

Vx
#> “Om1Vin #> “Omb1Vin % % % Om2Vx
lin Vin - - -

Rs

(b) Derive the transfer function. Find expressionstfer DC transimpedance and the
two poles.

We can divide the transfer function into three sefgatransfer functions:

RS =9 =12 0529

The first one is the input impedance of the circliits the parallel combination of the
source resistancesRnd the impedance looking into the source of esistor. To find
the latter, we use the following model of the fgtge transistor:

Vp

“(Om1tImp)Ve S o1

Iz

Vi
\ 1 R
We see that, =—2 whereZ, = (Rm” J = o
ZD SCX 1+ SCX RD1
ANd Z,,,, =+ =257, 1)

e Vp

KCL at vp:




LINKOPING UNIVERSITY Answers of TSEK37 Analog CMOS Integrated Circuits
Behzad Mesgarzadeh

Daniel Svard
Electronic Devices, Department of Electrical Engineering Page 4(7)
1 1
1 1 1 v z.
[Z_+_jVD :[gml * O +_jvt =t :D—Oll 2)
D r-Ol ol VD gml + g " +
ol
So from (1) and (2):
1+ ZJ
Z = Nt = Fo + ZD - Mo + RDl 1+ SCX (RD1||r01) (3)
inM1
gml +grrb1 +i 1+(gm1 +gn‘bl)r01 l+(gml +gn‘bl)r01 l+SCX RDl
ol Zo
The input impedance is the parallel combinatioRoand Z, m1
7 = Vin _ RsZin w1 - RsZ, 1+sCy (RDl"rol) )
" iin RS + Zin,Ml RS + ZO I:QSFQDI + ZO(RDl"rol)
1+sCy
Rs+Z,
The second transfer function, from to  is easily found from (2).
O ¥ O Ll
V_X - " i r01 - [1+ (gml + gmbl)rol]RDl 1 (5)
Vin i + i rol + RDl 1+ SCX (RDl"rol)
ZD r01
The third transfer function, from,¥o Vo, can be found from KCL atu:
R,,(r
(i + 1 +SCLJV0ut = _gszx — Vout - — gmz( D2|| 02) (6)
r02 RDZ Vx 1+ SCL (RD2||r02)

(4), (5) and (6) then gives the final transfer fimt as

Vou _ V;n& Vout = 1 1
iin ) iin Vin Vx R01+il+i
a)pl a)pz
where,
R:) - — gm2 (RD2||r02)[1+ (gml + gmbl)rol]RDl ERS
[1+ (gml + gmbl)rol]RS + r.ol + I:eDl
1
wWw.. =
! CL(RDZHrOZ)
1
a,

& Cx (R01||[(1+ (gml + gmbl)rol)RS + rol])
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(c) Calculate the value of the DC transimpedance amgdtes found in (b).
We need to find the values foxg gnb1, fo1, Gnz @and b2. We have:

1 W
I D= Eluncox T (VGS _VTH )2 (l+ AnVDS)

Vi =Vion + V4V +20;

gm = al b= \/Zluncox % I D(1+/]nVDS)

0Vgg
_0lp _ 0V | Vi | _ 4
I = 5v. g"‘( avBSJ gm(avﬂB I Ne + 20,
1_99d, _1 w 2 A
===—0B ==y C, — Ve Vi J A, =—22
gds ro aVDS zlun ox L ( GS TH) n 1+/1nVDS

We calculate the parameters we need to figgh Wsgiand \bsz.
Voo =V — 1, (Ry, + Rg) = 1.3V

Vg, =,Rs =1V

Vpsp =V = 1,Ry, = 23V

Plugging in the values gives:

Om1 = 425 mS Om2 = 8.87 mS
Omb1 = 0.62 mS loo = 6.15 I
fro1=22.6 I

Using the expressions from (b) yields the followiradues for the DC transimpedance
and the poles:

Ro = -7385Q
op1 = 1.08 Grad/s = 172.1 MHz

op2 = 2.02 Grad/s = 320.9 MHz
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4)
R=r [d =5x10%x2x1073 =10< 2Z, xIn(2) = 2x 50 069= 69

Then the wire is an LC wire;

-3
g =4-_d =2x108 =134 ps
v Co  3x10
NEN
5)

The stage gain igwRot, WhereR= R||ro. Circuit has three poles as:

1
Wy = W, = Wy —
pl p2 p3 R[otC
_ 3
Open-loop transfer functiort (S) = (gm—R[Ot)g
1+ RuCs)

To calculate the phase margin, we sdlvle(jau)| =1 to find the unity-gain frequency.
Thus:

gn’R, 3
ot =1, g, =92%10° radis
|1+ Ja)uRtotC|

The phase of open-loop transfer function is:

-3tan*(R,Caw,) = —-tan* (24) = -202

Thus the phase margin is202+18C=-22°. Due to this negative phase margin, the
feed-back loop is unstable and it oscillates.
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6)

A DLL does the job. We need 3890°= 4 voltage controlled delay elements (VCDSs) in
the voltage controlled delay line. The block diagra shown below.

L’; PD
VCD —» VCD (¥ vcD |-
Clk_in \ 4 Clk_out
» VCD

Average :1—2x—45><1= 075V
36C




