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2 The electrons in a piece of n-type semiconductor take 10 ps to cross from one end to
another end when a potential of 1 V is applied across it. Find the length of the

semiconductor bar.

Solution

=10 ps

Nt~

But V=uxE and Ez%

I? =10psx u,V =10psx1350 x 1
L=116x10"cm=1.16 um



3 A current of 0.05 ¢A flows through an n-type silicon bar of length 0.2 um and cross

section area of 0.01 um x 0.01 um when a voltage of 1 V is applied across it. Find the doping
level at room temperature.

Solution

I=0.050A
L=0.2um
A=0.01mx0.01um =1x10"cm?

- o (1.08 ;10“’)2

n
i, =1350cm* [ (V.s)  u, =480 cm?/(V.s)
V

_r__w =5x10*V/cm
L 0.2um
Substituting these values in Eq. (1) we get

(1.08x10™)2 x 480

n

0.05x10°4=1.6x10" |:n x1350 + }1012 x5x10*

n=4.63x10" cm.



4. Repeat Problem 2.3 for Ge. Assume un=3900cm2/(V-s) and
pup =1900cm2/(V-s).

In order to obtain the doping level proceed as follows. We use the formula

1

pZQUum+pﬂw

For n-type semiconductor n>>p, and hence

1
NQ

p:

Given:-

| =0.05uA

| =0.2um
A=(0.01xm)?
V=1V

1, =3900cm? / (V-s)
1, =1900cm? / (V-s)

Resistance of the Ge bar;

R="
I

_ v
0.05uA
=20MQ

Therefore resistivity,

p=R?

:2OMQXM
0.2um

=1Qcm

Again, p=

nes,

1
Py

or,n=



Substituting the values, we get

Np=n= —191 2
1Qcmx1.6x107" x3900cm~ / (V-s)
_ 1
6.24x107"%cm’
=[1.6x10%cm™|

Since at room temperature all the impurities are ionized and hence carrier
concentration n is equal to the doping density.
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h(x)= N - .6»({)("_5_)

total electrons  stored
= [ane) de = (“g-N-expl-x) olx
Ry

il
=Y
-

<%
&
&
=
)
|
S

FDF ‘fh& inéear /Dfof e +the )’651/11‘ de/a@no{g
on The 6n7fh

For the  exponential /Wﬁf the result 1s
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9 A Sisemiconductor cube with side equal to 1 um is doped with 4 x 10'” cm™

phosphorous impurities. Calculate the drift current when a voltage of 5 V is applied across it.

Solution

n=4x10"cm™
nt (1.08x10%)?

= = —291.6
n 4x10
i, =1350cm?/(V.s) and u, =480 cm?/(V.s)
E=K=ﬂ=5x104V/cm
L 1um

A=1umx1um=10"cm’
Since ny, >> u,, we can write
1, =qnu AE =0.0432 A

tot



10 One side of pn junction is doped with pentavalent impurities which gives a net
doping of 5 x 10" cm™. Find the doping concentration to be added to the other side to get a
built-in potential of 0.6 V at room temperature.

Solution

N ,N,
Vo=V, In—-L
n

N, =5x10"° cm™, ¥, =26 mV, n,=1.08x10* cm™®, V,=0.6V
N, x5x10%

(1.08x10°)

j:> N, =2.45x10" cm™



11 The built-in potential of an equally doped pn junction is 0.65 V at room temperature.
When the doping level in n-side is doubled, keeping the doping of the p-side unchanged,
calculate the new built-in potential and the doping level in P and N region.

Solution

N N
Vo=V, In—-£

i

N,=N,, V,=26 mV, n, =1.08x10"° cm™, ¥V, =0.65V

0.65=0.026 In| N >Na | N _289x105 cm
(1.08x10™)? .
. X
2% 2.89x10% x 2.89 x10'°
V, =0.026 In{ 0810 }:0.668 v



12 A silicon pn junction diode having Np = 10" cm™ and N,= 10" cm™ gives a total
depletion capacitance of 0.41 pF/m?. Determine the voltage applied across the diode.
Solution

15 17
NNy _ 00261010 *10

OB 0.7144 V
X . X

Cc - |4 NN, 1 _ 11.7x8.854x107™™ x 10" x 10"
/0 2 N,+N, V,

— =1.072x10"° F/cm?
2x (10" x10') % 0.7144
C

Vo=V, In

2
c, E
V|22 | —1|=0714a 2021014167y
C, 0.41x10
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14 Two identical pn junction diodes are connected in series. Calculate the current
flowing through each diode when a forward bias of 1 V is applied across the series
combination. Assume the reverse saturation current is 1.44 x 10~"” A for each diode.

Solution

Ve 05
I, = Is[e r —1} =1.44x107" (60'026 —1} =3.23x10° A



Dot
>t
+ ]

et

| (A | V%T
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16 Consider a pn junction in forward bias. Initially a current of 1 mA flows through it,
and the current increases by 10 times when the forward voltage is increased by 1.5 times.

Determine the initial bias applied and reverse saturation current.

Solution

Ve
I,~1.e"
Ve
1mA ="
15V,
10mA=1Ie "
v,

V, =—LIn(100) = 0.239V
r =75 N00)

From Eq. (1), we get /, =107 A

@)
@)



Bj KVl =15+, = VT(V)(IB) v Vr Cn(IB )

I'-S} ISZ
= =k 07( I:‘f
I;', 1?2

o IB 'ﬁs,[s.z @X(D B/y- ,.'.glfsz é))p(sz

= \/T LVI( ) = HLn(JI; Is, gxr \ma

ol
= Vrln |1;s__7: + V&
I§| 2

W, = VTU)(?) Vs Lh( I, I{z EXF

~Vvely (I + VB
IS'Z Z



Vo,
‘Bl :IS (€ Vr_')
Vx —1 5
= S\Zpi ;=210 A

g[j KviL , Vx = Ix‘e, . VD,

= LR + W In (ID'/IS)

= LR + Ve (n (B/1s)
Thms can be solved Airectly with
Spea‘a( programs.  or 7/&1/)/@‘14 cale ca/c_zz‘ors_
But Hus can be Solved “Iterative ly ;Sy
hand .

Vx = 0«‘5[’

We suppose that D, is on

D current f/ows, ’U’”’Oug/ﬂ D . ey

Assume q Vbow e | v:é T

> lL=04v . l i

D Ix= Ve-Vb, — (05-04)V b
Ri 2i<if)?_ o

Vp, = Vr {”(EZL) = (p.026v) (;,,(o.ob'ma') 2062 V
Is 2-16'53
! Contradiction becayse Vo, xceeds Ux ! /

This means our assumption (s incorrecT
='> D( (S OFF > VP; = L’x = 0.5V IX =



This  must be solved c"femﬁvefj_ Frow
z/x[;@r;‘mce,f suppose Ve =2V

Vx =2V 2 L= W(z = (V =5wmA
R, 2k
> Uy =2V, = 2V ln (/L)
= Z(D.ozév)[p,( Hmh ) x 4§V

———

2410 A
W ={4fv 2 Ix = [48(2 y = 0.3 mh
2k
D Vi =z(o.oz6v)[»,<o.57wA ~ ATV
2:i6"A
V)( = ATV =2 Iy = (/‘47%2\/ g 0.5'}’ IM’A
2 k2

> \x= L4 V



LVX =038V Sb(fbf)r?&@« ‘Di (s on. (.Thfs IS
a reasonable ass wmptien Sce st Aredes
Turn on at around Vo = 0.7 V.)

For STarTM{), use bh=10.( v.
\b=0.TV =2 L= '\&P—V»[ = 0.05 mA
I
> %: = VT n (IX/IS,) ~ 0.622 V

VDI.=0.622 Vv = Lx =(0.8-0622)v = 0.087 wA

2 k{2
> Vb, = M o~
b, (p,azw)ln(sz,,m) 0.63]v
2 K2
> W, =(0.026v) [nf 0-982mh \
i / (2,‘10"3-14 gl
b= 0635V 2 I = (0.8-0.-8%)V = 193 mA
2 k$
E Vblz(r).ozév)lw(% A 0.635V
2-107"A

Lo With an accuracy 0][ three decimal /yofm‘s,
UD, r 0.635 V (O{— course  Mofe tterations

Ix = 0.082 mh give a wmore acourate
fesult.)



D/x= Lv Sup/)ose, ﬂﬁ?ﬂfﬂ ,That™ Dy is on Use
Vb, ﬁm prvieds  caleulations as ﬁ&rﬁnj

Pofn :

Ub‘_—_ 0.635v = I =(1—9.63f)l/ = 0.1 mA

2 K2
) lé, =(0‘02év)ln(0-15’mﬁ X 0656V
216" A
VD’ = OGFLV 2 Ix d"’(l“ob%)v = o(? n/;A
' 2 K2
> W, =(o.ozév)07(0=l7mﬁ = 0.655V
2:10"74h
VD, =0.655V = Iy = (1-0655)v = o7 m A
2 kL2

2 Vb, = 0655 V

S Vb, R 0.655 Vv
Ix A 0.7 MA

—

Vx = L2V| Using Similar dssam/aﬁ‘ﬁm as those
(n  previeus calculatiens

Vo, = 0655 v > L=02[mh 2 b, =0elv
W= qe]¥ =2 Iy =0 zimf 2 W, x 0666V
W, = 0.66bV = Ix =0.2TmhA D W r pleeV

o Ix 2 0.2 méh W, = 0.bbb V



Tor more than 3x Increase in Ix, 16{ onll
tncreases bg ~30mV which 7s less thaea (0
O]C the turn-on V&ifaf@ if’f the oiede. In other
words, once the diode conducts current, its
volfaj@ ‘mrfzs margina lly (e)?bzc.if&(] Aue to TTs
@)?f)taenﬁa/ chavacteristic’) This also implies
that the diede , once on can allow an
AmounT (975 cutvent 7Lo f/aw fhmujh (u 1i{
VD,"Ip,. becomes SO [mffe +haT The “divde
S'\MP% ' breats clown ".) )



20 E, Gien Vx=1v 2 L =o0.2mh
ng g‘i W=2v = Ix=06wmh
pS

and E{ dVIO( I.S.

By VL, Vo = Ix-TxR, = Vo ln (&
> 1 - (AR, = (0.026V) bn (2224)  ——(D

Ls
2 = (vhmh)k, = (0026v)ln ( 22H) @

@-0: 1-(3ah)R =(0026) {n (%3,

>R = 120020 ¥~ 55k
0.2m ﬁ

Substitute R, intc ©:

Is = IX'ZXF [__ ,/x-IxEI]

Vr

0.02¢

= (0.2mh) o [_ 1-(.2m)(325 k)] 529410 A

‘. R, = 3.25 kN2
I ~ 2.9% - 10" A,



‘ -
2. Given, Ic= 3:-io 64,

md W, .

l |

Ap——

By ker, L= W 4 3 - friyT) + B,
R, RO\
Since Ix Vr R, and Is are known, —his cay
be solved directly with s/beofa/ proframs. o
| m()Mn? calew (@ tors Htwwu" Hue can be
dso solved bﬂ erations ¢ Assume a Vb,
calculate I~ and rve-iferafe on U

ﬂsmme W, =071V as szcrffnﬁ Pofm‘_

Iy = Imé |

{DI = 0.7 V "—"> ID! = Ix-— VP;/PI = LMA—' 0.7V = Q%MA

, [ k2
>, = Irin (I"'/Is)
=(0.02¢v) [”< 03mh\ ~ 0TIV
3164
VD, =08V In, = { mp - 0§y = 0.28 mA
| k52

2, = (002 V) m(M} =0TV
310"




o, =0TV > Ip, = ImhA - 0TV = 02} mA
| k2
= VDJ =0. T V

l. Wbz el V.

[IX:ZMA*} Assume b, =0.TIT V ]Crwa /)W;MS
resuwlt,

Vo, =0TV = Ip = 2mA - 0. UV = (.28 mA
} k52
2 Vb, = (0.026v) [» (LZJ?MA)x 0. 756V

3-i07h
b, =015V 2 Ip, =2mA - 0756V = (.24 mA
| k2

S W, =(0.026v) [;4(/.24»:/%) x 07155V
304
Wb, = 0155V 2 Ip =2mA — 055V - (24 mA
| kg2

| => VDI = 0;?5—51/

oo W, = 0755V



Ix :41"4&{ ASS!A.H’!@ Vpi = 0.5V ﬁfap-q /7)/229’1?9115

resil I

Vp| = 0,155V IDI = 4;44,4 - 0.7155v =325 mA

[ kn2
= I, =@.026)y z,,(azb“mx; 2 0.8 v
3.0'A
Vo, = 0786V D T, = dpA — 0-180V = 3.22 mA
[ k2
> vb: :(o,oze V)l”( Bizzm/.)' >~ 0-[3oV
3074

Vo, 2 0.780 V.

Nofe: As I increases, Ip, increases  while
(VDI/R 7‘27 rzz/a%nfe! the Same . Because

fthe  2xp onentiel c/mmzzreﬁkﬁb the

o*de once en, will absorb  as Md?
ouff@fvf‘ As necessarj : To | Sa’fTS-fy LOL.



= [ Given D, =0.5mh whey
IXCE K,j“m_ ;lfb' Zx :{.51144[ ]Qy;c( TIs.

This means W, = (Ix- )R
= (08mh) ko = 08V

> Is = Lrexp [0/ ]
s (0‘91”A) Q/YF [-— 0.4 V/O,ozé, V:(

& 9, "I : lO'” A



Given Ix=1md = Vx =l2V

5 v f W Ix =2mh = Vx =13V
-T'X/r Vx R\ ED,

\ f{nd R, and Is.
%, = = YR, RREL)

By KWL, Ve =V bo( B )=t by (Ix IV"‘/R;)

Is $

S (t2v) = (0.026 V) [n [(bw%)—— (/.zv)//el] —O

Is

(1.3v) = (0.026 V) (n {(ZmAlr(l-Sl/)ﬁe,]

@

Ts

@ -0 0bv =(0026v) [y (Lmh = XV/R,)
L —2V/R

= Rf = _f_.'Z"WXP D'A).vzel .4 >

imAw&F[”‘%-oze]*—lmA

k=5 mr[‘%-] (2mA - fc?V)uf[ ]

0.026V

~ (2 K52

> 429-107"h



Dy Lach dilede.

\, Given Ip,zg-g“”’q,
CTT
L . T

X

2> W =W = Ln(ﬁa) =0.02¢ (m( 0. 5mA
| 510 A
= 0.1y V

. E, :AVR! = 20 = 2(6781F) = 2_97/<$'2
Ie, Iz, -5 mh




25 @riy(i/n 2y = D,  with

IR
L@ R T 2%kn 47 I

| X0 Fud Ve, for Tx =2uh.
Current fhfoaj/') the diodes = Ip

= Iy - W& where Uk, = Voltage acrmssK,
R, |

2 el LW(}_E) = 2|V bnfLc_ Vo
I¢ I ISE!

This can be solved directly with S/oecfa/

Pfoyfam,s or 7/2’1{3/1,1)77 calculators or 57 /Wa(
itemtivel j ‘

~

fssume a4 W, calealate Io and  re-iferate

on new Uk, =(2<V6,)  fFrom Lxperience, most
di‘oa‘es conduct at Vo~ 0.1 Vv, Assume l/;’e,
= L4V

V=4V = To=T- Y = ZmA- L4V =3
R 2R
2 k=2l /L
sare(g)

= 2(0.026v) (m(UMA \® (49 V
510 A



Vb = 142V > Iy = 2mA — (49 = 126 wd

2 k52
= IR, = 2(0-026V)(n/( 26 mh\ = [ 48V
(6‘/0“"’4)
Vo, =148V 2 Iy = 2mh — (48v = [ 26 wA
2 k2
D Ve, = .48V

Voh‘zﬁe across R, = [ 48V





