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1) 
 
(a) Small-signal model: 
 

gm1Vin ro1 -gm5Vout ro5ro3

Vout

 
 
(b) Find the DC gain: 

 
KCL at Vout: 
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(c) What kind of circuit element do M5 and M6 realize? 
 
Answer: From (b) we can see that M5(M6) realize a negative resistor. If sized properly 
this can be used to increase the gain of the circuit. 
 
 
 
 
2) 
 
To have a perfect mirror VDS1 = VDS2 = VY = 1 V.  
Thus VDS3 = VDD - VDS2 = 2 – 1 = 1 V 
 

( ) ( ) ( ) ( ) 75.011.015.0411.015.01 3
2

3
2

32 =⇒×+−×=×+−⇒= GSGSDD VVII V 
 
So: Vb = 1 + VGS3 = 1.75 V. 
 
Answer: Vb = 1.75 V. 
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3) 
 
(a) Small-signal model: 

 

-gm1vin -gmb1vin ro1 CXRD1

RS

iin vin

vX

gm2vX CL

vout

RD2ro2

 
 
 

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

We can divide the transfer function into three separate transfer functions: 
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The first one is the input impedance of the circuit. It is the parallel combination of the 
source resistance Rs and the impedance looking into the source of the transistor. To find 
the latter, we use the following model of the first stage transistor: 
 

-(gm1+gmb1)vt ro1
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We see that 
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KCL at vD: 



LINKÖPING UNIVERSITY Answers of TSEK37 Analog CMOS Integrated Circuits  
Behzad Mesgarzadeh 
Daniel Svärd 
Electronic Devices, Department of Electrical Engineering Page 4(7)  
 

 

1
11

1

1
11

1
1

11

111

o
mbm

oD

D

t
t

o
mbmD

oD

r
gg

rZ

v

v
v

r
ggv

rZ ++

+
=⇒








++=








+  (2) 

So from (1) and (2): 
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 (3) 

 
The input impedance is the parallel combination of Rs and Zin,M1 
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The second transfer function, from vin to vx is easily found from (2). 
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The third transfer function, from vx to vout, can be found from KCL at vout: 
 

( )
( )22

222
2

22 1

11

oDL

oDm

x

out
xmoutL

Do rRsC

rRg

v

v
vgvsC

Rr +
−=⇒−=








++  (6) 

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

21

0

1

1

1

1

pp

x

out

in

x

in

in

in

out

ss
R

v

v

v

v

i

v

i

v

ωω
++

==  

where, 
 

( ) ( )[ ]
( )[ ]

( )

( )( )[ ]( )11111
2

22
1

11111

1111222
0

1

1

1

1

1

oSombmDX
p

oDL
p

S
DoSombm

DombmoDm

rRrggRC

rRC

R
RrRrgg

RrggrRg
R

+++
=

=

⋅
++++

++
−=

ω

ω  



LINKÖPING UNIVERSITY Answers of TSEK37 Analog CMOS Integrated Circuits  
Behzad Mesgarzadeh 
Daniel Svärd 
Electronic Devices, Department of Electrical Engineering Page 5(7)  
 

 

 
 

(c) Calculate the value of the DC transimpedance and the poles found in (b). 
 
We need to find the values for gm1, gmb1, ro1, gm2 and ro2. We have: 
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We calculate the parameters we need to find VDS1, VSB1 and VDS2. 
 

( ) 3.1111 =+−= SDddDS RRIVV V 
 

== SSB RIV 11 1 V 
 

3.2222 =−= DddDS RIVV V 
 
Plugging in the values gives: 
 
gm1 = 4.25 mS 
gmb1 = 0.62 mS 
ro1 = 22.6 kΩ 

gm2 = 8.87 mS 
ro2 = 6.15 kΩ 

 
Using the expressions from (b) yields the following values for the DC transimpedance 
and the poles: 
 
R0 = -7385 Ω 
 
ωp1 = 1.08 Grad/s = 172.1 MHz 
 
ωp2 = 2.02 Grad/s = 320.9 MHz 
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4)  
 

6969.0502)2ln(210102105 0
33 =××=×<=×××=⋅= − ZdrR  

 
Then the wire is an LC wire: 
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5)  
 
The stage gain is -gmRtot, where Rtot= R||ro. Circuit has three poles as: 
 

CRtot
ppp

1
321 === ωωω  

Open-loop transfer function: 
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To calculate the phase margin, we solve 1)( =ujH ω  to find the unity-gain frequency. 

Thus: 
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The phase of open-loop transfer function is: 
 

�202)4.2(tan)(tan3 11 −=−=− −−
utotCR ω  

 

Thus the phase margin is �22180202 −=+− . 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 360o/90o= 4 voltage controlled delay elements (VCDs) in 
the voltage controlled delay line. The block diagram is shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Average = 75.01
360

452
1 =××−  V 

 
 

VCD 

PD 

VCD VCD VCD 

Clk_in Clk_out 


