ECE 255 ELECTRONIC ANALYSISAND DESIGN Fall 2009
Homework 1 Solutions

Problem 1 (Text 2.12)

(&) Avoltage of 5V is applied across a,iii long region of silicon.
V.oltage _ 5V _ SOOOL
Distance  10um cm

(b) Suppose the maximum field allowed in silicod@ V/cm. How large a voltage can be

applied to a 1@m long region of silicon? V = |E|x Distance = (10'5 j(lm m = 100 \

What is the electric field? |E| =

Problem 2 (Text 2.27)
Silicon is doped with 10" boron atoms/crh
(@ Is thisn- or p- type silicon? Since boron is in group Il of tperiodic table, it is an

acceptor= N, = 6x10°/cn?
Assume N = 0, since it is not specified. Therefore, thdenal is p-type.

(b) What are the electron and hole concentrationsaah ri@mperature?
At room temperaturen =10 /cn?® (text page 47) andl , = 6x10° /cn? > n

(c) What are the electron and hole concentratib290@°K?

- ity
At200°K, n? = BT®e " =1.081G*( 200°e 8217(2) - 58 19 ch

5.28x 10/ cn}

= 8.80x 10%°/ cni
6x108/ cn?

2
Therefore,p = 6x10%/cnf andn= '\ =
p

Problem 3 (Text 2.30)
Silicon is doped with 610"’ boron atoms/cfhand 10"’ phosphorus atoms/ém

(@) Is thisn- or p- type silicon? Boron is in group Il and therefeme acceptor, while
phosphorus is in group V and therefore a dorldy, = 5x107 /cn? and N = 2x 167 /en?
Since N\ > Np, the material is p-type.

(b) What are the electron and hole concentratibnsam temperature?
At room temperaturen = 10°/cm® and N- N = 8 18 /crh >

Consequentlyp = 3x10"/cn? and n=—=———— =333 cn?



Problem 4 (Text 3.21)
What are the values of &ndn for the diode in the graph below? Assume\0.025 V.
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Problem 5 Driode woltape (V)

Based on the information in plot above, develop.@.@iode model which will be exact at 100
1A and very accurate in the neighborhood of 80 Show your method of solution (including
calculations) and the resulting values fegrand R.

Vo
The slope at 100A is dlo| _|_ L Ise[”VT] -1 (o +|S)=—1(100uA)
Volo  \NVy . 1.39x0.025V
Therefore, R, = 34.19mV_ 348Q and
100pnA

V, =R, 15 +V, =0.60V = 3480 % 0.1mA+ \| = \, = 0.565\

Problem 6 (Text 3.52)

A pn diode has a resistivity @-cm on thep-type side and 0.0@-cm on then-type side. What is
the value of Rfor the diode if the cross-sectional area of tivele is 0.01 crhand the length of
thep- andn- sides of the diode are each 2607?

The series resistance; B the sum of the bulk resistance onnkside, R, andp-side, R, of the

. ) L 0.025cm
unction. R =p,—2=(0.01Q -cm——— = 0.02® and
: " p”An ( rT)0.01<:n~?
L 0.025cm
R =p.—2=(2Q-cm——"""=5.0@ Therefore,R. = R.+R = 5.0
» P, ( )6.010r Soor
Problem 7 (Text 3.56) R

(@) Plotthe load line and find ti@@point for the diode circuit shown
ifV=5VandR =10 R. Use tha-vcharacteristic in Figure P3.41.




FromKVL, 5V= (10 KZ) Ib + Vp 2mA T
Load line axis intercepts are:  p\V¥ 0, b =0.5 mA
and Wbo=5V,b=0

(©) Q-point 4

.3/ -2 -1
& |

Q: {Vp=0.5V, b =0.45 mA}

)
&
A

(b) RepeatforV =-6V and R =3k
Q:{Vp=-4V, b =-0.667 mA}

(b) Q-point

(c) RepeatforV =-3VandR = 3%k
Q:{Vp=-3V,b=0mA}

Problem 8 (Text 3.66)

Find theQ-point for the diode in the circuit shown using: -
3

(@) the ideal diode
The diode is clearly forward biased and therefemmodeled as a short circuit.

2 kL
Using Thévenin equivalent circuits we can redragvdincuit as:
R-left R-right -th
K W
* 1.2k 1.0k * l
—_— —_ —_—
1.2 V-right _—I— .T 1.5 V-right T 0.3 V-th

ThereforeQ: {Vp =0, b =0.136 mA}

(b) the constant voltage model witl\& 0.6 V.

If we simply plug in the constant voltage modellwit,, = 0.6 V, we find thatd = -0.136 mA which
inconsistent with our assumption that the diodems. Thus the diode model must be “off”.
ConsequentlyQ: {Vp=0.3V, b =0}

(c) Which answer do you feel is most correct? Naitire very good!
The second estimate is a bit better since 0.3noisufficient ) 43V 45V
to forward bias the diode into significant condoict ;

0V

Problem 9 (Text 3.69) m: | SE

(@) Find Il and V in the four circuits shown usihg tideal diode model. . ' o
(a) Diode forward biase®: {Vp =0V, b = ?} w [b}
|D-%-625mA LI v=3vV and 1=0.625mA [ o 47v
(b) Diode forward biaseld! =5V and 1=0.625mA EL ' §;1m
(c) Diode reverse biasedl V=-5V and =0 -, '

|
(d) Diode reverse biaseldl V=7V and =0 "y

(5] [}



(b) Repeat using the constant voltage model wgh=\0.7 V.

LI
(b) Diode forward biaseld|
(c) Diode reverse biaseld|
(d) Diode reverse biased|

Problem 10

Continue the previous using a diode model witghv\0.6 V and R = 200Q.

(a) Diode forward biase: {Vp=7?,b="7}

(10-0.6 V

16 kQ
V=23V
V=-43V
V=-5V
V=7V

I, =~——7 "~ =0.580mA

(16+0.2 KO

andV, =0.6V+200Qx |, = 0.716V
soQ: {Vp=0.716 V, = 0.580 mA}

Therefore:

(b) Diode forward biased|

(c) Diode reverse biased|

V=2284V and

V =-4.284V and

V=-5V

(d) Diode forward biasedl V=7V

(a) Diode forward biased, sol, = @10-0.0)V _

and
and
and
and

and
and

581 mA

I =0.581 mA
| =0.581 mA
=0
=0

| =0.580 mA

I =0.580 mA
0
0
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