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Q3 (a) Illustrate the basic construction of an npn BJT transistors during ACTM mode. Label
all the various minority and majority carriers' 

(3 marks)

(b) A voltage divider bias circuit for an npn BJT transistor having F : 150 is to be used
in a Common Emitter (C-E) configuration. The quiescent point (Q-point) is to be
Icq: I mA, VcEe : 12Y. The supply voltage, Vcc is 20 V. Assume Vs : 0.lVccand
pRrZ 10R2.

() Design the voltage divider bias circuit with bypass capacitor Ce. (Hinf Find all
the resistors value).

(6 marks)

(ii) Establish the DC load line and mark the Q point.

(2 marks)

(c) A load resistance, Rr. of 10 kf,) and a source resistance, Rs, of 2.2lrft is applied to the
Common Emitler (C-E) configuration from the circuit designed in part Q3(b). Assuming
the transistor AC output resistance ro : o,

(i) construct the AC equivalent circuit.
(2 marks)

(ii) calculate the input and output impedance , Zi and Z-.
(3 marks)

(iii) determine the loaded voltage gain, Av. 
(2 marks)

(lv) analyz-e the overall gain from the signal source to the output voltage, Ay5.

(2 marks)
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Q4 (a)

(b)

BEL 10203

Distinguish the structure and transfer characteristics of a depletion-mode and
enhancement-mode MOSFET.

(4 marks)

Figure Q4(bXr) shows a voltage divider bias FET circuit. Determine the required values
for Rs and Ro if the FET transfer characteristics curve with the defined Q-point is as

shown in Figure Q4(bxii) and the following values are given: VDn : +18 V,
Rr :2.1 MCl, Rz :270 kf,), and Vps:7 V.

(6 marks)

resistor, Rs to the Q-point in

(2 marks)

Solve and analyze the input impedance, Zi, output impedance,2., and the output voltage
of the amplifier in part Q4O) if the input signal Vi: 2mY (peak) and the ac output
impedance rd: o are applied to the circuit.

(8 marks)

(c)

(d)

Synthesize the effect of increasing the source
Figure Q4(bxii).
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Q5 The circuit shown in Figure Q5 has the fottowing parameters:

Inss: l0mA; pinch-offvoltage,Vp: -6Vl rd: @;

stray capacitances: Csd: 8pF, Cs : 12pF, C*:3 pF and
input and ou@ut wiring capacitances: Cwi : 4pF and Cwo: 6pF

detennine the operating point of the amplifier.

calculate the input and output impedance.

find the midband voltage gain, Av : +.yi

(d) draw the low- and high-frequency AC equivalent circuits.

analyze the overall high cut-offfrequency.

sketch the bode-plot of high frequency response.
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SIGWCN EQIJATIONS

1 SemisondnctrIXodes W= QY,leY = 1.6 x ltrlei, Is= Ir(svolnvt- l),Vr=Wle,T,_=Tc*Ttf,
l: l3E x ltrayXlyr = 0.7Y(SilYr = O3Y(GeI Yr = l2V(GaAsI Ro: Yolla r7:XimYllp,rn= LY;y'l!JTl*,o*,
Ps- YeIp"Tg: (LU7lU)lgl - rd x lUJ'*,lT'

2 lriodeApptrcalim Silim Vr = O-TV,germaimc V.s = ([3V.CaAsyr = l2V;hslf-wave Va":0318V.;
frIl-warrc: Va:0-636V-

3 BlpolarJmdmTlandstors IE- Ic + Is Ic: l1;nciab + 165"*rlg' = Ie;Yn: 0.7 Y, o* : IglI616 - aIB * 166
o- - dJslMs,rc& : Irrrrlfrl - a),fldc - rdls&* : AJslArD,a : frl(t + 1),p : o.frl - a\ Ic : FInrE: (F + l)rr,
Pc*o:Ydc

a Irc@-AJft h geocrek Yne = OJY,Ig = Ip,Ia - FI": firedSias b: (Vu - VBAIR'Y* = Ye - IdRc,

Iq*: vnlRd;cuim+abilirert Is: (ve - yrcXn, + (p + I)nd'& = (p'+ l)jte'VcE: Y@ - IcGc+ Rr)'

r*: Vccl@c t ltd;voltagediyi&r cxact86 : irllaE'n -: RzYg;l(h + Rj,Il : (Eft - YapJtRrr + (B + l)nd'
V*: Ve- ldf.c+ ns) aEorinmeFRr > l0Ra ys -- ft2V61(\ + Rt,yE = Vn- Va;I6.= It = IrrligvotapftedtaO
Ie : (Va - VBdl$D + Fglc + Rj);cumm-base Ir= (Vre- VadltdsrUtng|nosisus fn : * + (r,tr - rs* Y,

sr$itirss(Icd = Alcy'AtrmitrxcdJias:S(Icd : p+ r;enitbrsies{Ia): (p+ rxl +RrlrdKl +p+ hlRe);
vmgp"AUOccS(I@) =(p+ lxr +X.n,/Rdtru + P+nrtnd;eeaU*+tur*S0cu) -(p+ lxl +xt/Akln + F+Xa/Atd'
Styxd - AIclAyrCtu+iacS(yad: -Fl&Scmftier+ias.S(Ired 

:-Fl(@1s + (p + r)nrDronagsdftvirkS(yld:

-pt$rr+ (p + 1)&Iftee.tbars:s(yd) : -ffie + (p + l)ndtqF) - AIc./Ap;frGd*iasE{F) : r6Jh;
c.ttFseirsE0 : Icr(f + RDIW(F{t + P2+ 4and}voueP'6uidtt:$(B) - rq(1 + *$/Aqd/@t(l + Pz+ nf/&}
ftcdborediass{p) = /c,G + RaAd/(pr(l + pz+ RrlRd}),arc:.$(16)AI. 6 + S(ylE)AyrE+ S(/S)Ap

5 EIfACAmInb r.:2lir]ilIsic3trxedsiasft = fuo1= Rc,An=-Rc/r;vt$agpdvi&bin4:xrfRz[Fa4* &
A+ - -Rch;CE."irrcr+i*q 4 = RnI|FRr,4 * Rc,h = -ltang coitu-frIlorrcc 4 = RDlFRs,4 = r',&r = 13

"**.base'4tRrilr",4=Ro!=&/r;odlccr&xsrrJr'ft=rrl(tlp+RaEF\?,o*Jtc[ItFd":.-lRch,doo[c6
rbftcrfbacb {- = Rrtlfu,,l = Rc,[RFr4 : -GrJ rqO4lggtoodinperlroce ,r": Rrl'o'l!3l * jJ'lr :-.'el&;
effectdsoscetnpedme V: RtW(&+ nl,rlo = Arqi/& + .RlI' =YJE + &);cmbfucd€fiE6ofbealeiqqrcs
inpeaare; a" : Rtfu,-l(Rt+ itJ,{,:, : (i?ri(&' + &)Xlt/Re + 4J)Aq{, At - -A*RilRs AL =.-4"(& + &}fl16 cascodc

ncaic;t' =/,yr;Dadingonmim:Fo - PtPtcninFfllowcrcdgualim: h: (Ye- VDdtBt+ FonAt

Ic = It = FnIsZr: Rsfrp1p/f|s/{; pfrBl@D+ pDnd'{" = !,4: rvlpz+ ro;ba$c@crcmg@c4:nlletla
4.: F{r.r+ ptq\4: pDGr[.RtIXrlXz + 4\&.: pppslQ,\: n6lr6GcdbcctPftI& : ue - vacy(&+ 4llp&c
4= Rrlzl,z! 

= Frr.r + Pdtlac'L- -p$2Rel(ts+ piuRdL: ffis,l{r.+ PdQcl = t 1= 'olh'

6 Fltfd-Eect:Ilandstors 16:OA.Is:tDss(l .-VoFtMpf.ID:Is,Ycs:Vp(l - V;/t"*IIo-Iass/'$Gf Ya:VplT
Io*.I^,Pg6YGs = oiYy\Ps: vdD,rd: rJ(l - tz6sfrrplrraOmJp - t(V6 - u,rf,*: I4-;/(Vcqcl - v#

7 trETBeg Fxedtirs Vcs : -V615; Vw: Voo- tpRO sdf-bk Y6': -IftsVm: Voo- Iz(Rs + RDlt Vs - Iot$
vUUp,avma:Ye : RzYwlt&r * Rd;Ya-Ve - Ip4sVas - Vw- Ia{Ro + Rs}cum:gnbcodgsdirnftcs- Vsr - IoR:

Yas=Yao*Yss- IilRo+Rd:sBecialcas:ycso=Orli,14'= IncsfDs=Va--IDfrD,Va:llas,Vs:0Y.cohocmcut'$le
MO$EET:I9:(Yc- ycsgrli!,t:Ir(-r(ycq-t - yaf6tftcdH\iasYal: Ics,Ycs:Yn -Io&;tobFdtitu
v6: Rzlrrlrll(Xr + nzL Ycs- Ye- Idts;uivqsarclrrqm : lvpytlss8s U: mx v6llYfl,Y6- Rtvool|6l + R)

g .EETAEEfE g.-tF: NolLVeSa:2rrltV"l,g.: &s0 - vsNrL*: gro{Ifh: ul-_i
Ay6s/Afalv6--Ed: fxod-bhs: 4 = h,1= .Ro,.l|' = -g36;self-trfus (qpassedkl 4- b1 = ltDi' - -g-lta; sc$nirs

(rnUypMns} 4- tr|G 1: itD,A, = -g,rltp{l + grRrxYontgDd[ddaua4: &lGz,1: Jte,r{': -g-Rp;urcetrhcr
4:no,6-4t[f/Sr,d" = gr85^1 + S,;ts1;@ge 4: RslUC.,l= RD.A': g;fip;srharrcpnrot€rrcMoSFEts

Er:gq- gcrrrr);&ain*c&sdr@u,c{ = Srltl + tJrD>4 = RaAr - -slRDivdEgFdtfthr" -4: RtIRr

1= !9'l., = -g.Rp



9 &ff,rnn fIteqreuqin'T,G,"e .bg4:LlVl"na,ft1fi. : A,lry'.alb:loEr14- logroD,bSr sllb: -logt&,
,ryNe : ro$na * logrc D, Go - lO h,f'|o ?2lPr, QDr : 10 hemPzn nTltLm o, Ga : 4.lq/mr,zfYr
G4- G6r+Gdb+''' + G4 Por, : (L5Pcd, Biy : fi - lb,twrry_F $ fis : l.lffin + .RtCe

fia: lpz{R.+ &)&,fi8 : $?aR1c6& - &lGiF + r}Rl: &l&lrDFs'fttc : U2''{8*+ &)c6l
f+--ttzt'{B"+n)cc,ftr= lt)*R1Qs4q:xslve.(rr = .O}lfillcrcftct%: G -.d.)+ C"o:O -Yl'}q'
HeFAcSaet(EIIItrr: rpcfurQ,.$ry = f,,lfiln2l& G = 4+ qE + Q - A)Cu f+: lf2l5&UQ
lRq - &clerlr- C.: Cy.o+ Fsc + Ctafp = U&arAca,.+ Gi,\t?: fuafg,Fffi- fsu= ll@frnnr: &llto

f1: FlrY, l

10 Arc*nO^nqtrs CMRR : rlalA;CMRRT(hO = Xtloei,IAalAJ;"*+rfo^Hlfi* V.lVt = -&lR t
nmvcdng."tCilrc': YolYt:1 + &/If mfityftIloycc ya : yr;srulml4;aqfificr V": -fififiRilh + @3ft)U2+ 09/8dyd;

"" r c vl) : -(l lRlCy) fvflt

1l O$ry.llqlncdms CFst{tghrrrnlriJiffer:A : -VitllnminwlingA : I * 19|pr:mltagesmlns
V, -({/ffY1 + (RrfR)Vz + qlRa)%} liS*ass asivc ftEc f"e : lf?-*RrCiIqr*ss aafn flEt f"r : lfZqRrCt

tL hffifnnmrts
hwerii: Pi - VqIq

: Ydcl/, = gfuz$c = VAeffd pcah
. : UdclE - gl/E;4c.: yfuftaAalpcarr*cat

edg*.T%t, : QJ Pil X lfillb;*irrl'm c&icocp,f:cA scrics&d - 5ft ct* 1|tro@rkd: 5tl96;k B'

@'pnlt:,?85*atansfrrnr*rd*irc: lqlvr = N2,,1N1 : Itb&: ggrnft &;pccrqnc Po:f(Ve - I/ar)
Oi.. - rce)l/&d6Bpower'''ft[rtsfifr Pr: v*P]rE.*'ftP.=ufr@irlPnl|c"rr: @larlrrl6nety,v*J x r(It5;
fg = e*p= @7 - P)i?; wimm'Po= llLef?.&; tt'Tt-"- P. : TTfulzRr;m*'rrtmn p4: ZtPel&;% millrmnic
ai*rrimFTED) - \/4.+!8tp?+ -.. x 1m6;hEd{irih Tt: Pfrm*Taga:4{FCfw' (ficcairtr

Po- (Tt - TDIQg + Ocs + Osd)

nf : IJlerrr.r4fhll& Irdrhruro& % = t(& x ZP + O, x 2r + Dzx t+ .-- + D,xtl!T!V,a;,
SSloadlry 1= L*$'1+ 2Rx)c:5At'rr|(lsint{GEfii*:1.tlE-YCU[f,_=-(2/trcoKlr' - yd/fi:Sase-

. bcbd loop (IILLF f. : g3ln1C7,!t - lEfolY,1s : X.1tpnyffi

1l Fcedr *.d(}[r6ffi 4: AIQ+ p|}serfr:sfreeech Zt: 4t+ pA) &ntberbacb Zt: 4l$ + #t
rOeriee* 4:4lQ + FalqEEittMET*:7-tl + Prlgdncd'ifrt: dAdAr= f/G + &lXa4/Alacttta@pt: 1;pnsc"wfr=rrl2rRcr6, p- {4),A >2$IETiibcm lal:gr.4b^Rz = 

Rl''.al(Ro+rdDEa$Bfrserrr;e
f = (rptnc|fitA4FqpctnLry'> 23 + 29(Rok) + l{Blndtvirot;*elyk* - RrEz+ C2lC1,f6: tfzffi,
q'. ; ; W*@r%: Crq,l{q+ C")tEedcrlq - f,r + I,z+21f,o- tftc@

Ui hrrrsqnns{Yegsn gFq't Ekr - V,(rgaiff* x IiltAYI- : (Yn - YdlYnx l(tr& 7a, 3 Y-- U{W)[L
vi('86) - vr(Vp>l2Y'5,Yr{ms) = (I*lfiy5r$rdJv; fiieravc, riEl{lr| y{I[s) : L*ilQY&: Y. - 4-tTla1lg,7 :
t2*Iilcl.'J x l(nF - ?-1lhc x lqle,.!eL: Tl\ x rddnctu vr: &.y*lg + &)&:: z6ryG&ali*xrlrc :
l325lC(frIlvevcl$(tn") - WVP + $yrsulrc IR:8n -Tdltnx tWh,yl:Vz{t + RllR}vo-
y-{r+Relxr)+^{,{R!

10tI\pi@Dcrlccs Yra& Gr- QO/O +lYdVTll,TCo-(LQC{h- fl x 1mfrfh@te:
W-llf,)r:vlf,7.fu: 1.496x ldoW,f A - 1g:lo*f ft: f h/f :lgb xfdWTnf

17 pqprd0el}ltsc Dir7rn. =ylnxt Of ytqllltfis:(f,r.+te')l&"+yh -WfM
" 
- rtlQRrr +'{pr}14=i, Yp : qYn + rsi ltd rc ; aCs rut rl - fiqrlQq i RBITUF 

: 4b * O


