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ECE 137 A  Mid-Term Exam 

Tuesday February 9, 2021 
 
 
Closed book: Class crib sheet and 1 page personal notes permitted.  
 
There are 2 problems on this exam, and you have 75 minutes. 
 
Use  any and all reasonable approximations   (5% accuracy is fine. ) , AFTER STATING 
and approximately Justifying them.  
 

 

Name:  _______________________ 

 
 
Part Points 

Received 
Points 
Possible  

1a  9 
1b  5 
1c  6 
1d  15 
1e  15 
1f  6 
1g  14 
2a  12 
2b  13 
2c  5 
TOTAL  100 

 

SOLUTION
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Problem 1, 70 points 
 
You will be working on the circuit below: 

 
 
The transistors all have: 2/ 2 10mA/V ( /1 m)gs g g gK c W L WP P P  �  

2mA/V ( /1 m)v gs inj g gK c v W W P  �  
/ 0.1Vinj gV v L P'   , thV  0.3V,  O/1 10V 

 
 The supplies are +1V and -1V 
Rgen=100 kOhms, Rg1=1 MOhms,  

1IV
0.1mAf f0.1mA

0.5v
k Li

0.35V
L
0.65V

f f0.2mA

Vgs Vgsz 0.35v

Vgs5 Vgs4 0.35
V Iv
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Part a, 9 points 
DC bias.  
The  sources of M1 and M2 are to be biased at -0.35 Volts 
The drains of M1 and M2 are to be biased at +0.5 volts.  
The gates of M3 and M4 are to be biased at -0.65 Volts.  
M1 and M2 are to be biased at 0.1 mA drain current 
M4 is to be biased at 0.2 mA drain current .  
 
 
Find the following: 
 
RD1=__________     RD2=________________    RD4=____________    
 
Wg1=__________    Wg2=__________    Wg3=__________    Wg4=__________     

5 Kr 5hm 8.25km

3.69µm 3.69µm 7.51µm 7.73µm

RD Vii Vis Is IV O.sn 0.1mA 5k

r3Rz v.y yay z guy
RD4 Vix Very ID4 IV t 065410.2mA 8.25in

Vgs_Vgsz Vgsz Vgs4 0.35W

I Vgs Veh 0.35v o 3 50mV L DV 100mV AllFETS are

MobilitySaturated

Wg 1µm ID LkµVgsVthfativiss

2 Wg_Wgz 1µmx 0.1mA l0mAv20.35in o3v5 It Hor0.85r 3.69µL
1,5 Wg 1µmX0.2mA lOmAV20.35V O3h411Hovt.o65VD 7 SI

Um1.5fWg4yumX0.2mA LlOmAVdo35V O3h411Hov1 0.35 7.732µm
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Part b, 5 points 

DC bias   

 

On the circuit diagram above (or on a hand-redrawing of the figure),  label the DC 
voltages at ALL nodes and the DC currents through ALL resistors. Also label all 
resistor values, and the width of all MOSFETs. 

 

 

 

Iv IV
5 Kr 5kr

100Kr 0.5v
0.1mA

0.5v 0.1mA

DV DV 3.7µm

X I v

lMr 3.7µm
0.35v 8.25km

rt 0.2mA

7.5µm 7.7µmO65v

Iv Iv

2 Voltages

1 1 Resistors

t 1 Currents

1 widths
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Part c, 6 points 

Find the small signal parameters of all FETs 

 
Transistor M1 M2 M3 M4 
gm     
RDS     

  

4ms 4ms 8ms 8ms
108.5km 108.5Kr 53.25 Kr 51.75km

ZID 2 A 4msGm gmz Ft Co35v o3v

I am gmi E.IE 2E7om oms

I Rbs RDsz LYX t Vos Ip 10V t 850mV o.im7 108.5 kr

RDS GOV t 650mV o2mA 53.252km

I Rosy LOVt350mV10.2mA 51.75k
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Part d, 15 points. 

Find the small signal voltage gain  (Vd2/Vs2) of M2  and M2's small-signal input 
resistance.  

Vd2/Vs2=____________________________ 

 

Rin,m2= ____________________________ 

19.16 VIV

260.92

Vdz
Tt 11 0 1
Vgs Vsa Gmysa Rosa Roz

Q
o

Vsa

104 us gm u aae

Usa Ud2Rmt gmaUs2Rds2RDz Vd2Rds2

Usa ItJmards2 Roz Ud2RisztRds2

Halos RD clt4m.ggfII5IIff5I 19.16VVRD2tRdsa

5 Rinma Risa Yada 5k e 19.16 260.92
RdsIRor RinMa gmzRdsz
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Part e, 15  points 

Find the small signal voltage gain (Vs1/Vg1) of M1 and the  *** amplifier *** input 
resistance. 

 

Vs1/Vg1= _________________________ 

Rin,amplifier =__________________________ 

 

0.51VIV
1 Mr

3 Rinamp Rg Il Rinm 1hr11 a IMI

Ris o t

gIf Vast
g

Ros RD

ft

in ii

GmRs'llRissVG gmRs'llRosVs

Vsyrg
9miCR5HRD

GmChs'llRos.lt RsllRDstYgm

Rin.ualRds3HRdsi mz 2612
Rin.ualRds3HRdsitlgmi Rinmztl gm 261st 44ms

0.51 VIV
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Part f, 6 points 

Find (Vout/Vin), (Vin/Vgen) and (Vout/Vgen) 

(Vout/Vin) = ______________________________ 

(Vin/Vgen) = ______________________________ 

(Vout/Vgen) = _____________________________ 

 

9.77 VIV
0.91VIV
8.9 VIV

2 Voutwin king Vdalusa 19.16 051 9.77

2 Vinlvgen Rod 0.91VIVRinAmp gen Rg 1 Rogen Hrt 100km

2 VoutVgen Vouthin X VinVgen 9.77 0.91 8.942
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Part g, 14 points 

Now you must find the maximum signal swings.  
Give the sign (+ or -) in your answers below. 

Cutoff of M1; Maximum ¨Vout resulting   = _______________________ 

Knee voltage  of M1; Maximum ¨Vout resulting   = ____________________ 

Cutoff of M2; Maximum ¨Vout resulting   = _______________________ 

Knee  of M2; Maximum ¨Vout resulting   = ____________________ 

 

0.5 V

15.3 V

1 0.5 V
O 8V

M cutoff ID 0 I z 0.2mA

3 but VDD IimRoz IV 0.2mA 5 Kr

DVout 0.52

y
M2cutoff I z 0mA Vouet VDD I V

DVout to.SI

KneeVoltage M Vgs Veh 0.35 v 0.3 50mV

Vps 0.5v C0.35V 0.85 V

f ai i cameos

15.3L Obviouslyyou'll saturate
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kneeVoltage Ma Vgs Veh 50mV

Veh 0.3 v

l

iiiii o.su
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Problem 2, 30 points 
nodal analysis 

 

You will be working on the circuit to the 
left.  
 
Ignore DC bias analysis. You don¶t need it.  
 
The transistor has transconductance gm1. 
The drain-source resistance Rds is infinity 
(so you don¶t need to draw it!) 

 

Part a, 12  points 

Draw the small-signal equivalent circuit 

ymodel ygm
GmVgs D

S hgst trout

Vin Gonet

Hybrid
T R
1 MT D

FGF f trout

Vgs GhgsR2
of
its
Vin

12 eithermodel 4
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Part b,13 points 

Find, by nodal analysis, a small-signal expression for Vout/Vin. 

Vout/Vin= __________________ 

 

 

GmCRtRDKHGmRd

Vgs Vg Vin p Rzbut Vin

Vout gmVgs R t 1227 Vgs gm
but

122 It 9mHzgncritRT t RTR but gmcp.tn
Vout

VinVoutv n 8mCRitRzj1tgmRz
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Part c, 5 points 

gm= 1 mS  , R1=90kOhm, R2=10kOhm  
Give a numerical value for Vout/Vin.  

 

Vout/Vin= __________________ 

 

 

 

 

 

909 VIV

butyrin Fm Rit
It 9mHz

1ms looks
Itoh 9.09


