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N (T=3€0K) = [.Eb 105(300) T ox - bQ@Lf) }
2138107 % ) (30 K)

3
i 2.;'{DF CM'B

e - s
n; (=600 K') =[.bb '(C}!S (éoo) *: ox - évée V)
2(13867 % ) (beok)

:4_:',5.10(6CM'3

Com ar;hj these results with these iy
Exwfﬂ[){cc

hjﬁg@ Jook) _ 2315 i (Ge(Rbook) . 27
hi ($; @ 3e0k) i (5:( 6eok)

Af Mher em @mhtf& the Lxponentia| Yfermg
dpproaches  one | which Tmplied that n; mT/Z

independent Of baﬂ&(juf energy j

(by For iy

C’{ QD{ M(l'r@ﬂa,[ n-p =n; _’A*ssumf)q
al 7= 1 ! 7

300 K

P = 5'[0[60’”’3

= (Ra (T-200k) / p - 2ru cm = (.25 10" Cni”
5-10"cm
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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

L
—=10 ps
= p

But V=uxE and Ez%

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

[=0.054A

L=0.2um

A=0.01zmx0.01um =1x10"cm?

Itol = Idrift = q(i’l/ln + P,Up)AE ----(1)

2 (1.08x10°)
p =t == 7
n n
1, =1350cm’  (V.s) u, =480 cm?®/(V.s)

E=K= v =5x10*V/cm
L 0.2um

Substituting these values in Eq. (1) we get

(1.08x10™)2 x 480

0.05x10°4=1.6x10" |:n x1350 +

n=4.63x10"% cm>.

}1012 x5x10*
n
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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

pZQUVm+pﬂQ

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

1
ploy

p:

Given:-

| =0.05uA
|=0.2um
A=(0.01xm)?
V=1V

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

Resistance of the Ge bar;

R="
I

_ v
0.05uA
=20MQ

Therefore resistivity,

p=R?
—20MQx (0:01um)*
0.2um

=1Qcm

Again, p= nel
n

1

or,n=
PEL,
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Substituting the values, we get

1
1Qcmx1.6x107"° x3900cm? / (V-s)
_ 1

6.24x107%cm?

=[1.6x10%cm™|

ND:n:

Since at room temperature all the impurities are ionized and hence carrier
concentration n is equal to the doping density.


https://ebookyab.ir/solution-manual-microelectronics-razavi/

https://ebookyab.ir/solution-manual-microelectronics-razavi/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

biven P =3t on'/s

DF =12 /9
L= 2um
ed{ﬂ{%]khulzs A= (l um)?

c)
5100“3 210 W

e (P)
] Zum X

The ected Ccufr'iers d]{fu% f{ﬂm e
end fo the other.

Lt = A Jut = A %{%Dﬂ = TEDF]
0

PR )

((W) (16-16""c) F‘rcm ( .10t ) IZCM< '0'*’6&3)1

S 2 Uwm S\ 2 um

=109 uh.
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b. Given HAreq = a

)ﬁ?nd folal ¢ écfrms stored .

n(t)'—-*_.gx + N

total electrons stored

, L
J a-nlk) dx = ( Q (_j\_l_)c+ N)dz:
L
o

\f

= ANL

e ———

2

i
=
Z
/"'""\
\J
;_"NN
X
\_/
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1 Given Hrea=a
—J[i‘nol tota|l ¢lectrons stored.

I
.

h(x)= N - .exp(’_l’_) Ne
Lo e
‘o Total electrons stored
= [ane) dx = (“p-N-oxplx) dlx
| aN-op(z)

x
"‘“N(-Ld-@(f)’;’é_) = aNly
Lo

O

E)r the linear fof ¢, the Jesult depends
) The 6}47#) f

For the ¢x pmenha /W]@/ the result 15
constant (Smce (A 75 (/msﬁmf)
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2-i0

L »

bk pes
Qlectvons SQ//
b- (Oik'
© 2

total mumber of electrons

2
= fo a-Nx) Ax

Um

— holes

113

N=510"wi®  P=2-0 e

hz)= N p C74)
F(x) =P EXF( o

b -3

[a-n dx

= aN (—M-ZX/)(’%)E
= aNLy (= o0 ()]

tofal  humbes o}(' holes = f 0?‘/3 Ax

¥

a - ()(Z) aAx

-,—Mp(

- €XP

= aPLy [ 1- %f(’@)l
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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™
_ﬁ_ (1.08x10%)?
n 4 %107
1, =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

=291.6
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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°)?

0.6=0.026 In[ j = N, =2.45x10" cm
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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—-£
n

i

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

65-0026 In| N >Na N _289x10° cm
0.65=0.026 | (1]& 0y ’
. X
15 15
v, =0.026 |n{2xz'8t(1)gxlxoi;§?ﬂo }=0.668V
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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
vy =1, o 0026 2010 _g7140v
n; (1.08x10™)
-14 15 17
C,- g9 N,N, 'i: 11.7><8.85;54><1017 x10™ x10 _1.072x10"° Efem?
/ 2 N,+N, V, 2x (10° x107) x 0.7144
Cio
C = L
1+§
4

2
c, o
Vo=v| | S0 | —1|=07144[ E272X10 14167y
0.41x10
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3. / AG
—l22
~ -3
o i \ >
-9 -09 Vo
_Q.}?_U_ =22 “"‘“‘@
4 G2
Vo
(o I3 ®
+ L2
,\;[ Vo

w+@& (+% :(g___gz > Vo= 00365 V
T 9\%,0 (.3

Substitute |y inte @:

C}b =22 [[+0.5 x §43 )LF/M
N Vo

= NaNp _ ) Vs ._2__
Na+Np

(‘?43 f—) (Uoseav) 2 %3310 cw’

Um?®

i
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T A Value frr

r 3
Ng= 2-10° cwi>

Na+Np

Na -
- S _
o (?.B-zo“cwﬁ)(?'tol i)
(24018__ 3’.13"Dm)(ﬂ1—3

¢3114§7uf3
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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, =1 [e r —1] = 1.44><1017(e°'°26 —1] =3.23x10° A
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. -Vi;;'f y V%T
Lt = ID/ + I =1I (_e _;) & _[;Z(@ _/)
| on
=(Is, + I )(€ 1)
There far@, The Famlf@/ Combination 87/>€m’f€5

as an  exponentiaf d’ev}‘ce,/ with an
4 valent  Satw yaltom  CirvenT pf L+ 1sz.

(B) By Kvi, W, =Vp,

>\ L(%) R (%>

R Ay ¥ (EL) = |z (n(IvapQ
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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, ~Ie""
Ve
ImA=1Ie" D
15V,
10mA=1Ie " (2
V. - %In(lOO) —0.239V

From Eq. (1), we get /, =107 A
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Voo _ Vg - ‘ ‘
I+ _i{;l__._ 3 Find Is, W, Vb2 iy
IB/\ D D TefW]S D]C {/B I, IS?

¥

'

+VB
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(B = Vo,
7
+ > E\:Q&_Q_ ‘Bf :I‘S (6 T‘_;)
VX éz -1y
a P, I = 210 f/'}

By KVl = TR
’ = LR + It [n (Ip'/Is)
= IxR, + Vr (n (P/15)
Thms can be solved directly with
Shecia | programs.  or 7m/)/w'n cale ca/e_zz‘bfcs&
But s can be Solved lertirely ,5-7
hand .

| Vx =O\‘)"\/}

We sSuppese that D, Is on

D current f(ows, ﬁllfoagh D, —
‘A&SMMQ q V6, on o . Vt(g T
> o B e
= Ix= V}(;Vp, ___(0‘5*_?_[’_)\/: D_Ut)’mﬁ :

Ki > KS2

Vo, = Vi zn(&) = (0.026v) zw(o.ow) 2062 V
Is 216" A

X« Contradiction becayse Vo, -exceeds Vx ! /

lhis  means our assumption (s [ncorrecT

DD s ofF © W, =lx =05V I=0
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A I Given Vo= Vel fod W
’ C‘) v Ie=2.0%
Y R' VE’, , '
V & By KCL,

NV | »

Yo - x (e - ’)

R
Also, Ve, =V, = Vi/z  (KVL).

LIS : Wif27
R Py

—

[his  must be Solved Ef@fzcﬁve{cj_ From
L)(fezrfmce, , Suppese Ve =2V,

Vi=2v 2 L= W[z = (V =5uA
R, 2 k0
= |y = 2°Vp, = 2V7 (n (I"/L;)
_ Z(O'Dlév)[m(ﬁﬁ_) x (4§ V

2:10"*A
Vx = hfv 2 Ix = mv = 0.3[ rfl
2 ke
D Vx =2(0.026v) n (9_21_6_ ~ ATV
240
Ve =141V 2 Ix = (4T2v = .37 mh
2 kJ2

> vx= 4TV
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LVX =903V 80(20[)086’ Di is on. (Ths is
a reasonable  asswmptien smce post Aiedes
Turn on at around Vo = o[ V.)

For STarm{J, use Uh=0[ Vv

—

VDfO._[ V =2 Lk =V —Ib, = 005 mA
R,

> Wy = U In(Bs) = 0622 V

> Ix =(0.8-0622)v = 6.087 wh

%i =0.622 V
2 kQ
= Vo, = 0.03TmA y ~ 03
b, (0,026!«’)[:0(2010”,7/4) 0.63]v
Vo = 0.63TV S Iy = (a&—-o;ea?)v = 0032 mA
2 K52
=> W, =(0.026v) [n( 0-982m4 \
i (za:o”rﬂ Gl it
= 0636V 2 Ix= (0.8- 0.5V — 193
2 ki
> 'Vb':(o_ozev)[n(o_'w A 0.635V
2-1071"A

S With  an o?ccfuraocj 0]5 three decimal /79;‘;17"5,
I, » 0.635 v (of couise, mote Terations
Ix % 0.082 mhA give a more acvurate
fesult. )
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D/x= Lv Suppo.gc, a?ﬁou‘n that D, s on [Yse
Vb, ﬁom previods Calculations as Sszm‘nj

Pvc‘n _

Vb, =065V = I =(1—9.63F)l/ = 0.1 mA

2 ko
> I, =(0,02év)[n(9-lé’mﬁ X 0656V
21049‘{%
Vo = 0.656v D Ix=(1-0656)V = 0.(7 mA
| 2 k2
> W, :(o.ozéy)w('w 2 0.655V
2:10"7h
p, =055 D Iy = (1-0655)V = o (T m#h
2 k2

2 W, = ab55 V

r=) I

<o Vp, R 0.655V
Ix a O.1] MA'

Wx =12y (/{Si‘nj Similar ﬂssum/‘vh‘ﬁm as those
(n previeus calculatiens

Vo, = 0655 v D Lx=02[mA 2 Wb, *0belv
=066V 3 L =B 2i mf 2 W, x 0666V
Lfb] =0.6b6bV = Lx =02Tmh D VE;, A DLV

Jo Ix ® 02] mA \/1‘,, =0.bbb V
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tor more +han 3x nerease in Ix U, onl
Increases by ~ 30mV —which 7s less than (07
0{: the turn-on Va/hWZ zv]C -7"1?,3 p([&de. fn 01‘/_5@;*
words, once the divde conducts current, (ts
u'ot‘raj@ varies mm?fmllj (eyecf&(’ Adue to ITS
@A?fmenﬁh/ chavacteristic’) This also implies
+hat the diede , oce on can allow an
Amount f)f cutvent To f/wu threugh (witi(
Vo, < I, becomes so large thaT the “divde
'SimPinj 'breats dlown”)
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20 &, Ghen =1y 2 L =02mh

V: ([; R\% V')( =2V 2 Ix =06 mh
~ biSlZ] Find R and Is.

B&j kVL-’ \/p’. = Vx‘ Ix R L Ln <If—)
> (- (0.2mA)R, = (0.026V) Zm £ )
>)

2 = (vomh)R, = (v.026v) Ln( __5_11

@-0: L-(ann)k =00%) In (33

>R = 120028 V . 335 kn
0.3m #H

Substitute R, inte ©:

Te = Lo @XF[ 7. T,E,‘{

Vr

= (02mh) 0xp [_ 1-(0.2m)( Le’k)j 5 294 10 A

0.02 6

R, = 3.25 kn
I, ~ 2.94 'IO’LOA,


https://ebookyab.ir/solution-manual-microelectronics-razavi/

https://ebookyab.ir/solution-manual-microelectronics-razavi/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

21, Given Is= 3-10°4

| | md W,
IEn

Bbj ((CL, Ix = _E@_ ” -R, "‘YI(V)(_IP_’)*ID,
R R \Ig
Stnce Ix Vr R, and Is are known, —his cay
be Solved directly with 5})@01‘&/ /Dfajmm; or
Wit ﬂ(\)i‘f‘f” caleu(ators . Hmw/vw’ Hus can be
also "70731/(’,0{ by Terations ¢ Assume a Vb, /
calculate I~ and rve-iferafe on U

Assume Vo, =0TV as S?‘th"nﬁ /Dor‘m‘_

-Iy=ImA[

CD: =071V > ID, = Ix- VP:/Pn =imh- 0.1V =03
, [ ks2
>, = lrin (IY/IS)
=(0.02¢6v) [w( 03mh ) & 0. T8V
306"
Vb, =0V > Ip, =1mA-0 Ty = 0.28 mA
| kS2
DV, - (0.026V) zm(gi?_f:_) = 0TV
310"A



https://ebookyab.ir/solution-manual-microelectronics-razavi/

https://ebookyab.ir/solution-manual-microelectronics-razavi/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

Vo, =0TV D Do = fh - 0TV = 02§mA

b, = 0. UT V,

[IX ZZMA—} A.Ssu,me b, =0. T T V ]G/DM /))@mhﬁ
result,

Vp’ =o. 17TV = ID' = 2mA - 0. UV = [.23 mA
| ks2
2 Vp, = (0.026V) (n (/LZJMA)?\% 0.156V
3-i07%h
2 In, =2mh - 0756V = (.24 mA
[ k&2
= Vp, = (0.026 I/)[h(/‘zé(MA x 0755V
3.0 "A
7 Ip =2mhA — 0 T55V _ (24 mA
f kg2

V‘p, =0.756 V

0.5V

fi

,

| :T-> VDI = @, 155

Lo W =055V
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{

]»Ix'—‘ffm/i{ ﬁssc-mqe. W = 0.755 V /L;rm,v, /pmwzng

resull.
b = 0155V 2 Ip =4mh- 0155V = 325 mA
| Dy sy
[ kn2
=2 W, =(.026)y [h( 3‘25:144) 2 6.780 v
B.,‘[j“’ﬁ
Vo, = 078 v 2 b, = bp — 0-1oV = 3. 22 mA
| k&2
2 VD, :(o‘o'ze V)(,,, 3.22mA \ ~ 0780V
3-107'€h

o Vb, 2 0780 V.

Nofe: As Iy increases, Ip, increases  while
(LIDI/R,) Stays pelatively the Same . Because
;’f the ﬁ@mmﬁk/ " c:»/mmaf?ﬁ)hb/ the
jode  once en, will absorb as much
current 4as necessary 12 Saﬁ‘sfj £CL
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GI\L@M ID, =0.5mlh  whey

L® R,jrlkﬂ_ ]L(D' Ty =(3mA f,‘,,fq' T

aL.

b, = (Ix - I, )R

This  means |
= (08mA) k2 = 0.8V

=3 Is = Ip,”-@)(f) ["VD%/T]
= (0.5mA) ep [- 03 V/@_ozé v

% 2.17-0"" A
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23 Given Ix=1mh = Vx =l2V

Cl) ¥ \ Ie=2mh = Vx =13V
IX i! \'Xjk\ y_bi
=

L - ind R, and Is.

% =T - /R, (KeL)

B‘j kVL’ Vx =Vt [n (177) Vq (U(Ix IV"'/R)

Is $

= ({. 2 V) =(0.026V) [n {(Imr‘))* (/-ZQ/P(] e 10

Is

(2mh) - W)jk,]

5

( = (0.026 V) (n

@

@-©: 0bv =(p-026v)y ZMA“1~3"’/R,)
LA —1-2V/R,
D Ry = 12209 Bore| =1 - /5 2
1M-4°Ef;(f>[o‘%-ozé1 —L A

IS = ID mf)l_ V%TI (ZmA I‘YV) 077[ olizl;l/]

[-2ki2
~ 429107
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24 I GTFV@V; Ip =g 5*%4
_LD‘ dach liedle
" T 70,
" J ([Fma’ R
-

ZBg keL  Ip= Ix- Iz, = 0.5mA

2 W, =W, = l-m(ED_) =0.026 (n( 0.5mA
. Is

b0 %A
=~ 0.7y V
Go By =W = 2W - 2(eT8Y) = 2,97 k2
IE’ Le’ O';MA


https://ebookyab.ir/solution-manual-microelectronics-razavi/

https://ebookyab.ir/solution-manual-microelectronics-razavi/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

ol , Givew D, =D: with
IR
LA R3xua |
\ T -ll’f'D-z Fnd [/,3/ fw Ix =2mh

Carrent  Thr oajh the divdes = D

= Iy - V& where Ik, = Voltage acrssK,
R, |

2 k=217 L”(EP_) = 2 | Lh(,_I_’Ehﬁ?_’"
IS .Tg ISR;

This can be solved c{frecf/z with special
fo

P*”Offam.s or 7/’2’{{)/11}77 calculbfors or éz;/ haud
rterativel j | |

|

Assume g 73 { calculate LD’ and  1e-iterate
on new Ve, =(2<Vo,). rom Lxperience, most
diodes conduct at W~ 07TV Assume V2,

= L4V
l/,aﬁ(.‘fV D = L =W = 2ud - L4V = [ 2
_{5—; 2k
= e =2V(n/]
e

= 2 (0.02¢ V) (m(UM_A) = (49 V
5410'A
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Vo = l4av > In= 2mA - (49 = 126 wA

2 k5o
> IR, = 2 (0-026V)(n/( 26 mh\ ~ [ 48V
(6’-/0'64)
Vo, =148V 2 Iy = 2mh — (48v = [ 26 wA
2 k&2

D Ve, = .48V

L-’olmje across R, = (.48 VY
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