Student Name: ID Number:

ECE 2El4 Lab Test (Section 1)

Use the following formulae in your solutions

NM OS Transistor Mathematical M odel

Cut off region ips=0 for vgs< Vn
Linear region ips = Kn(ves—Vin— 0.5vpg)vps  for  VesVin= vps= 0

Saturation region jpg = %(VGS_VTN )2(1+ Avps) for Vps=VesVin=0

PMOS Transistor M athematical M odel

Cut off region isH=0 for vez <-Vp
Linear region igy = K p(Vss +Vrp— 0.5V5p )gp  fOr VsstVp2vep 20

Saturation region g = %(VSG )2+ AVeg)  for Ve vestVip=0

Small signal M oddl Parameter of NMOS Transistors

gm:\/anlDS (1+AVps)

Propagation delays for reference CMOS inverter with Vpp=5V, Vin=1V and V1p=-1V

TPHL — 0322£
Kn
TPLH — 0322£

Kp
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M athematical M ode of the pn junction

I =1s(exp(vp /VT) -1

Full Transport Modeél of npn transistors

ic=1 {exp(%) —exp(@)} s {exp(VBC) 1}

T T IBR T
uE—l{exp(f/BTE) exp(VBTC)} 5 {exp(yfj) 1}

|B:[|?—jexp(viE) 1} ﬂR[exp(VBTC) 1}

Simplifications of the Transport M odel of npn Transistors

L ig=-S and jg=-S
T = aF

Forward active region: . = | sexp(¥EE)

Saturation Region: Vcesat=0.2 V
Cut-off region: ig=ic=ig=0

Full Transport Model of pnp transistors

ic=1s {exp(VEB) exp(VCB)} ﬁiexp(fﬁ)—l}

Vr T T

T T T

ie=1s {exp(f/EB) exp(VCB)} 5 {exp(VEB)—l}

_ls VEBy _ Vce
S A R

Simplifications of the Transport M odel of pnp Transistors

Forward active region: ic = | seXp(YE8), iz =< and jg =S
V7 = aF

Saturation Region: Vecsat=0.2 V

Cut-off region: ig=ic=ig=0
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1) For the shown circuit the diode reverse saturation current is
1s=10"° A, 1f Vs=1.0V, V,is

a 0.6852V
b) -0.6852 V Vs o
c) 0755V
d) -0.755V
e -10V

V

1o0v

-10V
1.0KQ

1.0KQ

2) Theinput to the shown circuit is atriangular
waveform with amplitude of 2.0 V. The output |
V, as observed on the scopeis Vio— | -

1.0 uF 10V

_OVO

a) atriangular waveform with amplitude 10V
and frequency 1.0 KHz. Jrrrrr  -10V
b) asguare waveform with amplitude 10 V and

frequency 1.0 KHz. 20V

¢) asquare waveform with amplitude 8 V and

frequency 1.0 KHz. ,
d) atriangular waveform with amplitude 8V
and frequency 1.0 KHz. C T=1.0mS
€) asquare waveform with amplitude 8 V and

frequency 2.0 KHz.

-
I
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3) The enhancement NMOS transistor in

the shown circuit has K,=1.0 mA/V?, Viy= 1.0 V
and A =0 V™. If thevoltage vi changes from 1.0 V
to 2.0 V, which one of the following statements
will be correct?

a) The output voltage changesfrom-1.0V to-2.0V.
b) The output voltage changesfrom-2.0V to-4.0 V.
¢) Thetransistor changes state from saturation region
to linear region.

d) Thetransistor isin the cut-off region.

€) The output voltage does not change.

4) Thefigureto theright shows the

ac equivaent circuit of an NMOS amplifier

with K;=1.0 mA/V?, Vi=1.0 V and A=0 V™.

The operating point is (Ips, Vbg)=(2.0 mA ,7.5V).
If the ac source is ve=0.1 sin(2rx10%)V,

the maximum and minimum values of the

total drain-to-source voltage vps are approximately

a 824V,6.76V
b) 0.74V,-0.74V
c) 824V,7.76V
d) 7.76V,6.76 V
€) None of the above

2.0V o—{

I

Ly, 20KQ
10V
po-O VO
77777 -10V
O
50 KQ ,—1
|

I 39KQ Vo

Vs 1.0MQ Ll

o
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5) Both transistorsin the shown circuit have £ = 200. 50V

For an input voltage V; = 5.0 V, the current I, and I, are equal

to, respectively, | l 6.0KQ
2 .

a) 7.2mA, 0.8 mA

b) 7.2mA, 1.44 A 500 Q

c) 8.6mMA, 0.8 mA Vi=5V o\ A\ N—
d) 8.6 mA, 1.72A —

e) None of the above 1

6) The propagation delay in each one of the Y j sV J
inverter stagesin the shown circuit is |
|

|
t,=2.0 nSec. The frequency of thisring '
oscillator is Vo
p—oO
a) 375MHz |
|

b) 166 MHz

|
c) 250 MHz |

d) 83 MHz

€) None of the above
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7) The pnp transistor in the shown circuit has 5= 100.
) : . 110V
The operating point (Vec, Ic) is

a) -3.5649V, 0.3816 mA
b) 3.2152V, 0.527 mA
c) 3.5649V, 0.3816 mA
d) 4.2354V,-0.4321 mA
€) None of the above

180 KQ 6.8 KQ

300 KQ
10 KQl lo

8) If theinput to the shown circuit is 2.0KQ

Vs= 2.0 sin(500t), the output v, is —\/\/\/\_

8) 2sin(500t -0.7577) ookg  —— F—
b) 2.0sin(500t +0.757) —/\V\V\—. 1.

c) —2.0sin(500t +0.757)

d) /2sin(500t +0.757) Vs
e) 2.0sin(500t —0.75n) - -
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9) Thetwo npn transistors in the shown circuit Vi

are matched with = 100. The currents |, and 10,0V

Ig are, respectively, '

a) 0.490 mA, 4.8 UA l %

b) 0.465mA, 4.55 LA 20KQ 10KQ

¢) 0.50 MA, 4.9 LA  SVAVAVA U

d) 0.465mA, 10.0 pA —

€ 0.490 mA, 10 pA Ig 10v
77777 -10V

10) Inproblem (9),if V,=5.0V, V,is
a -47V

b) -4.890V

c) -3.65V

d) -50V

e -4.59V




