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EE 105: Microelectronic Devices and Circuits Fall 2007
MIDTERM EXAMINATION #1
Time allotted: 80 minutes
NAME: SOLUTIDONS
(print) Last First Signature
STUDENT ID#:
INSTRUCTIONS:

1. Use the values of physical constants provided below.

2. SHOW YOUR WORK. (Make your methods clear to the grader?!)
3. Clearly mark (underline or box) your answers.

4. Specify the units on answers whenever appropriate.

PHYSICAL CONSTANTS
Description Symbol Value PROPERTIES OF SILICON AT 300K
Electronic charge q 1.6x10° C Description Symbol Value
Boltzmann’s constant k 8.62x107° eV/K Band gap energy Eg 1.12 eV
Thermal voltage at 300K Vy=kT/q . 0.026 V Intrinsic carrier concentration n 10° em

Dielectric permittivity &s; 1.0x10™ F/em
Note that V1 In(10) = 0.060 V at 7=300K

__Electron and Hole Mobilities in Silicon at 300K

by

g g gl gl
. Ng# Nyowldopantconcentration fem™)

SCORE: 1 /25
2 /25

3 /30

Total: /80
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Problem 1 [25 points]: Semiconductor Basics

a) Consider a Si sample of length 10 um and cross-sectional area 1um?, uniformly doped with 10'® cm™ arsenic,
maintained at 7= 300K. 1 Volt is applied across its length, as shown below:

1 Volt
\_/
Ky
1 um
S
metallic metallic

contact contact

i) What are the electron and hole concentrations, # and p, in this sample? [4 pts]
Arsenic is a donor in siljcon => Np= 10%cm-2 Ny =0
Since Ny > Ng s Soample s i’)v‘/ﬁf&

ne= Np'f\./;; = /Digam‘s !

2 20, ¢ i -3
p niy oo oIP cmADigcma = 100 cr ,

ii) Estimate the resistance of this sample. [5 pts] From p Jot on ?ﬂgt | ;) Mn ~ 3200 cmz/ Vis
)

N | .
cesistivity @ = THant G W Since N >>p
/
¢ T (16x0717) (300 cm2/yis ) (108 em3 )

‘__L_ lox:o’?cm )
resistance R=P A =(0.02 2 ‘”")( /x/o'gofvw’"> - @

-—

iii) Qualitatively (no calculations required), how would the resistance of this sample change if it were to be
additionally doped with 2x10"® cm™ boron? Explain briefly. [4 pts]

Boron 15 an acceptor in silicon => NA¢2)<I0'?0’”7“3
’n‘c 551"“?/& WOUVID( bg cgn\/gr«/*(,p(f —*/7; f/’,b,)f W\Wi&é

. ¥ - _ A4 -3 3. a‘oﬂ‘ - CA v B
with hele concenbration pz Ny-Ny = )0 em2 Gome mejory- before ).

SI\V'CC ’f’)\c /70/8 maéi‘//"z& /‘5’ /ow&v ’fzmrm “fixf a/ec:fmh mokl‘//@l

bne resistance of the sample wonlel Inerease.
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b) Consider a Si pn junction diode, maintained at 7= 300K, with a structure and E-field distribution as shown.

i) Calculate the built-in potential, V,. [4 pts]

1015, 10/7

Ng Np (._,~____. 12

Vo = V-r«élfl.( N ) = 0,026 /)’l 102"0 = 01024/}1 [[0 )
= 12 (0.026) 4y (10) = 12% 0,060 = 0,72/

i) What is the applied voltage, V52 Is this diode forward or (feverse) biased (circle one) ? [4 pts]
The fotal potentiad dropped acress the junchon is '/E[dx)
6. The area under +he E(x) oistibutron Fimes (-1).
From the plot of E(x), this ovea is i(ZX/D”"ww)[—s,zxm%v/om)

=-32,2V,

7’

The 4vtal po*/'fn"/’??t/ &/mﬁgd across The J‘mcﬁpn (s also %»\/D ‘
VorVp= 3.2V =3V, = V,-32V =0.72V-32V =245V |

iii) Calculate the areal junction capacitance. [4 pts]

25; ID""Z F/ ¢ ’
Cep = - = = x0T E Jem?]
P Wep = Taxio-tem EXI0TTF Jom
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Problem 2 [25 points]: Bipolar Junction Transistor
a) i) What is the Early effect (i.e. how is it manifested in the /-V characteristic of a BJIT)? [2 pts]

The Em»ly eﬁ-ﬁc& IS An Increase 1n Lo with
‘Fmr afixed Vel

I'n Ci’@ﬁaflknf l ch;
J J

ii) Why is the Early effect undesirable, for BJT amplifier applications? [2 pts]

The gar/y el o/ejma/es small - njnw(» Vo/%a.je gain
ancl dez:m&;af 9%{;3%“{ rf‘fi&?i&%m:a/ eao[\ 0# which are
urolesirable for amp/f#éw @f/;mfmm

b) Indicate in the table below (by checking the appropriate box) how the BJT parameters would change, if the
emitter doping were to be increased (e.g. by 2x). Provide qualitative reasoning for your answers. [9 pts]
BIT Parameter will Brief Justification

Parameter not change | (No equations or formulas!)
increase | decrease | significantly

The concentraticm of mm 0#/}47

Carritrs in The 7%4)"//'78‘4‘}’”“/[

Reverse \/ base (whick afbfects 7he carrie-
saturation ' ‘
current, /g Con cm%aw’wm b rad /ﬁv*if anol hencee

Ic) s not delpfn/éﬂ%"’ﬁh Neg .

The comcpmf{“‘mff&h o-]c\ Minﬂlﬂ‘*’;
Covrites o The edse o The

Common-emitter . ~ ; : _
DC current gain, | / o/eé"/w“‘ region in the emiiftr
B woulol be decreased.
5) Wi o yh’-p Caffl-e;r' 1o \/'ec/ffh /'11,7”1’
Fhe emitttr (hence 33 ) us Aecreaged .
Since Ng << Neg +ypieally, the wid i,
A 0# the énﬁ#ﬁr\l‘whar}wn o/ep/cv‘:'au
Early Voltage, \/ reg iop i5 determines FVimar//y
Va b)/ Ng. b modest [nerease in Ng

will not afbect the ﬂ/@f/g/ﬁp;,., widAh
(hence the 51«:4%5:‘«/1@&11‘%6 bose viich
Signifi cantly.
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¢) i) Accurately sketch on the plots below the Ig-Vg and Ic-Vcg characteristics (for 0V < Vg <5V) of an NPN
BJT operating at 7= 300K with Is = 5x10™° A, #=200, and ¥, = 5V, biased at Vg = 0.72V. [6 pts]

Note that eO.72/0.026 ~ 1012'
Ig [uA] Je [mA]
A o
100 ‘ 10
80 8 ~
60 ] P
=25uh 4 é— BIT is }ndeep satnvahon (I<—<BIB)
) | ///jﬁ 7 foir Veg < D322V
20 )
0 > Vee IV 0 > Vee [V]
°1 oz 3 4s 0 1 2 3 4 5
. V@E/V-r - Vc < 0T o020 | | Vee -
=1, € Ll+—--—-)f(5)</0 ,4)@ (i1+ =
= =I5 2 2 Y_,CE
(wa ,)('o )(H ) 5‘)</o fa( + 5{1

For Veg=0V, Tc= 5mA Te= / i;wq/oo = 25 uh
For Veg ;S'\//. Tc=10mA

if) Draw the small-signal model for this BJT, biased at Vgr = 0.72V and Veg=2.5V. [6 pts]
Indicate numerical values for the small-signal parameters, and label the transistor terminals.
(Note: r, = Va/lc nominat Where Ic nominat is the collector current for Veg << V)

%H*ch"zg’v T = smA(MZW = 7.5 mi

. T 7sxwTA
Gn= V= S 20,295

0026 V
@ 200 . )
§ = 5= =690 %
Al Gm 0:.295 6‘?0&1 Vi ;Z‘iv’ %! kN
~ = VA _ 5v
° T Tt | Smp = 100052 E
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Problem 3 [30 points]: BJT Amplifiers
a) Consider the BJT amplifier stage shown below, operatmg at 7= 300K with a bias current /c = 0.1mA.

Assume I = 1x107°A, =100, V, = 5¥ 00

Vee =3V
I‘F IB <<I 10Kka R, \l/:k
—h"CV\ v /.._,, (3\/) I)‘L Vout
\/‘,:lv out VCE:Vcc,“Icﬁc,"'J:gpg
7 ok | =V -~ T iﬁg"‘!’g@:\)
Check ﬂ»fﬂamﬂ*fpn; é RE\)/IE cc -
2v-i

4 SOl = 200 pA >To /= =
i) What is the value of Rs? [£pts]

. Isevee/vr L= Vor

{4

1o-%
VT:h(;ns/} 0,026 b ( t?f»e)
0026 b (10™) = 120,026 b (10)= 0,72V

A AN
R $ R

)

Tc
I = IC+—{;—2¢ T, =0dmA

Vi=Veg + TeRe = Re= —x— = o,;x/o-s,q"if_’ﬁj

i) For what range of Rc values is the BJT operating in the active mode? [4 pts]

For Yhe BJIT 4 be in achve moa’&/ Vout > V¢
Vee =TcRe 5V, => R veeVo 3V-1V

s

Fe io~ta

= z20kfL

\ Re £ 20 knj

jii) Draw (in the box provided) the most simplified circuit that can be used for AC analysis to determine 4,,
for Rc =10 kQ. C; is large, so that its impedance is negligible at the small-signal frequency of interest.
Labe| lndicate-numerical-valuesfor the various circuit elements, but DO NOT SOLVE FOR 4,. [6 pts]

For AC Avm,lyjisi
’ShOY‘F Vgc, '”{”@ {END
* Shovt C

10kn




b) Consider the circuit below:

i) Is this a common emitter, common base, or emitter follower circuit? Justify your answer. [2 pts]

* In‘)w(' si:l,nxé s Aff)/l'aé’( 4o The enuttte,
* Outpud 553%&6 is taken Prom e collector.

=) CoOmmei b&fe 4‘9,90&5%;

i) Derive expressions for the voltage gain (4,), input resistance (Ry,), and output resistance (Roy). [10°pts]
VA mav acanima that tha crananitare (7. and (- ara laras ¢ that their imnadancec are neolioihle at the
1rvu lllﬂy AODULIIV LIAGL UIv vuyu\uu.uo ] @diu B alv lmsv, PV WG LUV LHIPVUGUVYS QLY Ve lispiviy Sy Wiy

small-signal frequency of interest. You may also neglect the Early effect (i.e. assume ¥ = ).

With the capa,cf-%r; sh :f;’r';ifdi the cireuit becomes:

VA -
ce \ Q. 2
A -— »
Rg= 0 T =4 RsRe RstRe
\ Voudt 3
R
Q”\ - 5M 1) ﬁg
in
= Rowt = Re |

iii) Describe ene-ef the design trade-offs involved, when selecting the value of Re. [}pts]
To achieve high vo}%ajc 50.:'/\, Re should be ]Arzje;“ but Yhen
o large Re results 1n larger Ryt (which is undesicable
For an aMplrﬁ'é?r) anol reducedl headlreoom (Hmi‘Hnj the
Page 7 output voHase swing ),





