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Q3

(2)

(b)

()

[llustrate the basic construction of an npn BJT transistors during ACTIVE mode. Label

all the various minority and majority carriers.
(3 marks)

A voltage divider bias circuit for an npn BJT transistor having B = 150 is to be used
in a Common Emitter (C-E) configuration. The quiescent point (Q-point) is to be
Ico = 1mA, Vceg = 12 V. The supply voltage, Ve is 20 V. Assume Vg = 0.1Vcc and
BRE > 10R2.

(1) Design the voltage divider bias circuit with bypass capacitor Cg. (Hint: Find all
the resistors value).
(6 marks)

(i)  Establish the DC load line and mark the Q point.
(2 marks)

A load resistance, R, of 10 kQ and a source resistance, Rs, of 2.2 kQ is applied to the
Common Emitter (C-E) configuration from the circuit designed in part Q3(b). Assuming
the transistor AC output resistance ro = o,

(1) construct the AC equivalent circuit.

(2 marks)
(i)  calculate the input and output impedance, Zi and Zo.

(3 marks)
(i11))  determine the loaded voltage gain, Ay.

(2 marks)

(iv)  analyze the overall gain from the signal source to the output voltage, Avs.

(2 marks)
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Q4 (d

(b)

(©)

(d)

Distinguish the structure and transfer characteristics of a depletion-mode and
enhancement-mode MOSFET.
(4 marks)

Figure Q4(b)(i) shows a voltage divider bias FET circuit. Determine the required values
for Rs and Rp if the FET transfer characteristics curve with the defined Q-point is as
shown in Figure Q4(b)(ii) and the following values are given: Vpp = +18 V,
R1=2.1 MQ, R> =270 kQ, and Vps =7 V.

(6 marks)

Synthesize the effect of increasing the source resistor, Rs to the Q-point in
Figure Q4(b)(ii).
(2 marks)

Solve and analyze the input impedance, Zi, output impedance, Z,, and the output voltage
of the amplifier in part Q4(b) if the input signal V; = 2mV (peak) and the ac output
impedance rq = oo are applied to the circuit.

(8 marks)
A I, (mA)
T + Vbp
Ry % Rp
H Vo
C2
Ci L AN Ip,=24mA
R = -:; | —Ip=121mA(Vgs=0V)
N Rs :F Csp
Ly oL 1
T -4 3 2, -1 o 1 |2 3
== (Vp) Vasp=-18V V=182V
) ([1) =0 mA)
Figure Q4(b)(i) Figure Q4(b)(ii)
5
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Q5  The circuit shown in Figure Q5 has the following parameters:

(a)
(b)

()

(d

(e)

®

Ipss = 10mA; pinch-off voltage,Vp = -6V; 14 = o0;
stray capacitances: Cga = 8pF, Cgs= 12 pF, Cgs =3 pF and
input and output wiring capacitances: Cwi = 4pF and Cw, = 6pF

determine the operating point of the amplifier.
calculate the input and output impedance.
. ) V.
find the midband voltage gain, Ay = VO .
draw the low- and high-frequency AC equivalent circuits.
analyze the overall high cut-off frequency.
sketch the bode-plot of high frequency response.
+20V
200 s C,
I

" A T
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\| 6.8uF
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IpnF %
5.6 kQ V.
1.5 kQ < ’
Vs 68k = 22kQ =< 10pF
Cs
_—’ ‘—
—9-
Zi -
1 — Zo
Figure Q5
- END OF QUESTION -
6

(6 marks)

(3 marks)

(3 marks)

(2 marks)

(4 marks)

(2 marks)
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SIGNIFICANT EQUATIONS

Ll

1 Semiconductor Diedes W = QV,1eV = 1.6 X 1077, Ip = I, (e"?™'7 — 1), Vo = kTJq. Tx = Tc + 273",
k=138 X 102 V/K, Vg = 0.7V (SD), Vg = 03 V(Ge), Vg = 1.2V (GaAs), Rp = Vp/Ip, 74 = 26 mV/Ip, ey = AVa/Alzlpe sop-
Pp = VpIp, Tc = (AVz/Vp/(Ty — Tp) X 100%/°C '

2 Diode Applications Silicon: Vg = 0.7 V, germanium: Vg = 03V, GaAs: Vg = 1.2V; half-wave: V. = 0318V,
full-wave: V. = 0.636V,, - :

3 Bipolar Junction Transistors Iz = Ic + Ip, Ic = Ic .., + Icog; ._,Ica Ig, Vpg = 0.7V, a3 = Icflg, Ie = alg + Icpp
e = AIc/Alg, Icgo = Icpo/(1 — @), Bac = Ic/lp, Bac = Alc/Alp, = BB + 1), = afl1 — a), Ic = Blp,Ig= (B + D)ip,
Pepax = Veelc ‘

4 DCBiasing—BJTs In general: Vg = 0.7V, I¢c = I, Ic = Blp: fixed-bias: Iy = (Vo — Vp/Re.Vee = Voo — IdRe:

]Csnt = Vec/Rc; emitter-stabilized: Iz = (Voo — Veel(Rp + B+ DRE,R; = (B-+ R, Vg = Ve — IcRe + Rp),

Ic., = VockRc + Rp); voliage-divider: exact: Ryy = Ry IRz, Em. = RoVec/R) + R, Ip = (Emn — Vae(Bms + (B + DRp),

VCE == VCC - IC(RC + RE)? appmximate: BRE = IORz, VB 2 R2VCC/(Rl + Rz), VE = VB - VBE‘ IC = IE = VE/RE; voltage—feedbacl
Ip = (Voo — Vap)/(Rp + B(R¢ + Rp); common-base: Iz = (Vgg — Vpg)/Rpg; switching transistors: fog = & + fg togg = 15 + 13
stability: SUco) = Alo/Alpp; fixed-bias: S(Ico) = B + 1; emitter-bias: S(co) = (B + 1)(1 + Rp/Rp/1 + B + Rp/Re):
voltage-divider: S(Ico) = (B8 + 1)1 + Rm/Rp/( + B + Rmu/Rp): feedback-bias: SUgp) = (B + 1)1 + Rp/RAA1 + B + Rp/Rp),
S(Vge) = Alc/AVgg; fixed-bias: S(Vag) = —B/Rg; emitier-bias: S(Vze) = —B/(Rp + (B + 1)Rp); voltage-divider: S(Vzp) -
—B/(Rqy + (B + 1DRg); feedback bias: S(Vpg) = —B/(Rp + (B + DR, S(B) = Al/Ap; fixed-bias: S(B) = I, /Br;

emitter-bias: S(B8) = I, (1 + Rp/Rp)/(By(1 + B2 + Ra/Rp); voltage-divider: S(B) = Ic,(1 + Rm/Rp)/(B1(1 + B2 + Rm/Re));
feedback-bias: S(B) = Ir,(1 + Re/RA/(Br(1 + Bz + Rp/RQ), Alc = SUco) Alco + S(Vae) AVpe + S(B)AB -

5 BITACAmalysis r, = 26 mV/Ig CEfixed-bias: Z; = Br..Z, = Rc.A, = —Rc/r; voltage-divider bias: Z; = Ry [R2[|Br.. Z, = Ry
A, = —R¢/r.; CE cmitter-bias: Z; = Rpl|BRg. Z, = R, Ay = —Rc/Rg; emitter-follower: Z; = RplBRE Z, = rpAy = 15
common-base: Z; = Rgl|r,Z, = Rg, Ay = Rgjre; collector feedback: Z; = r./(1/B + Rc/Rp), Z, = Rcl|Rr, Ay = —Rc/re; collector
de feedback: Z; = R, [|Pr. Z, = Rc||Rp, Ay = —Rp, | RO/re; effect of load impedance: 4, = Rifg Ry, + Ro), Ay = —~AZi/Ry;
effect of source impedance: V; = RV./(R; + R). A,, = RiA,g /(R; + R). I, = V,/(R, + R); combined effect of load and source
impedance: A, = RiA,,. /Ry + Ro). Ay, = Re/(R; + RNRL/RL + R)Aug, A; = —A,Ri/Ry, A;, = —A, (R, + R)/Ry; cascode
connection: A, = A, A,.; Darlington connection: Bp = Bi52: emitter-follower configuration: Iy = (Voc — Vep)/(Rp + BpRp).

Ic = Iz = Bplp, Z; = Rp||B1B2RE A; = BpRp/(Rp + BpRB, A, = 1,Z, = 1.,/ + T,,; basic amplificr configuration: Z; = Ry Ir:lz
Z!.= By + B Ai = Bo®Ri R/ R | R, + Z), A, = BpRe/Z, 2, = Rc]lr,; feedback pair: Ip, = (Ve — Vg )/(Rp + BiB2Rc
Z, = Ry||Z!. Z! = Bur., + BiBoRe. A; = —B1BaRs/Ry + BiPRA A, = BaRe/(re + BoRO) = 1,7, = 1, [ B>

6 Field-Effect Transistors I = 0 A, Ip = Ipss(1 — Ves/VeIp = Is, Vas = Vp (1 — VIp/Ipse).Ip = Ipss/A Gf Vas = Vp/2,
Ip = Ipss/2 GE Vs = 03 Vp), Pp = Vpslp, ra = ro/(1 = Vos/Vp)’s MOSFET: Ip = K(Vs — V', k = Ipton)/(Vestom ~ V1’

7 FETBiasing Fixedbias: Vgs = —Vgg. Vps = Vpp — IpRp; self-bias: Vgs = —IpRs, Vps = Vpp — Ip(Rs + Rp), Vs = IpRs;
voltage-divider: Vg = RoVpp/(Ry + R, Vs = Vg — IpRs, Vps = Vpp — Ip(Rp + Rs); common-gate configuration: Vgs = Vss — IpR:
Vps = Vpp + Ves — Ip(Rp + Ro); special case: Vs, = 0 V: Iy, = Ipss. Vps = Vop — IpRp. Vp = Vps. Vs = 0'V. enhancement-type
MOSFET: Ip = k(Vgs — Vs’ k = Inea)AVeson) — Yesan)™s fecdback bias: Vps = Ves. Vas = Vpp — IpRp; voltage-divider:
Vg = RyVpp/(Ry + Ry), Vgs = Vg — IpRs; universal curve: m = [Vp|/IpssRs, M = m X Vg/[Vp|.Vg = RoVpp/(Ry + Ro)

8 FET Amplifiers g, = ys = Alp/AVgs, gmo = 2pss/IVel. 8m = 8mo(1 — Vs/Ve): 8m = &m0 ViIp/lpss.Ta = 1/¥os =
AVps/AIp|ymconsums: fixed-bias: Z; = Rg, Z, = Rp, A, = —guRp: self-bias (bypassed Rs): Z; = Rg. Z, = Rp. 4, = —gmRp; self-bias
(unbypassed Rs): Z; = R, Zp = Rp, Ay = —guRp/(1 + guR); volage-dividerbias: Z; = Ry | Ry, Z, = Rp, A, = —gnRp; source follower
Zi = Ry Zo = Rs||1/gm: Ay = gmRs/(1 + gnRs); common-gate: Z; = Rgll1/gm Z, = Rp. Ay = gmRp: enhancement-type MOSFETs:
§m = 2MVasg — Vosr); drain-feedback configuration: Z; = RpA1 + guRp)h Zy = Rp, Ay = —gmRp; voltage-divider bias: Z = Ry &y
Z, = Rp, A, = —gmRp- .



2  BJT and JFET Frequency Response - log.a = 2.3 log;oa, logiel = 0, logjea/b = logia — l"glob 108101/17 = —~logob,
log b = logpa + 10g10b, Gap = 1010g,0P2/P1, Gagm = 107og10Pa/1 mWieo 0. Ga = 20 logo V2/V1, .
Gapy= Gap,+Gup,+ -+ G, Popgy = 05F 4 BW = f; — f;; low frequency (BIT): fyg = 1/25(R, + RIC,
f:.c 12a(R, + R)Co frg = lﬁwxec.;.n, RelR:/B + 7, R: = R R | Ry, FET: fi; = 1/2a(Ryg + R)Co
= 1/20(R, + R)Cc. fi, = 1/20ReyCs. Reg = Rs] /gl =  Q); Miller effect: Cay = (1 — AICp Cor, = (1 — YANCr:

highfreqnmcy (BIT): fig, = 1/2aRn,C;, Ry, = RARIRAR, G = G, + Ge + Q — A)Cpo fig, = 1/20Rm ..
Ry, = RclRilre. Co = Cw, + Co. + Cu, fg = 1208t {Cpe + Cs, fr = Buiafps FET: fg; = 1/27Rn,C;, Rrn, = Rl Re.
G = Ciy + Cps + Cagy Caty = (1 — AICya fir, = 1/2R1u Cor Rrn, = Rpl Rel 72 G, = C, + Cae + Cigi Catp = 0 — 1/A)Cyic
multistages /i = fi/ V2" — 1, f3 = (V2" — 1)f3; square-wave testing: f, = 0.35/tr, % it = P% = ((V — V)/V) X 100%,

= (P/=Y; '

19 Operational Amplifiers CMRR = A;/A; CMRR(log) = mbg;dA,/AJ:emﬁm-gainmhlﬁpﬁec Vo/Vi = —R¢[Ry:
noninverting amplificr: V,/V; = 1 + Ry/R); unity follower: V, = Vj; summing amplificr: ¥, = —[(Rg/RDV; + (Rg/R)Va + (Ry/R)V3l;
integrator: vo() = —(1/R1Cy) frydr

11 Op-Amp Applications Constant-gain multiplier: A = — Ry/R;; noninverting: A = 1 + Ry/R;: voltage summing:
Vo = —[RfRDV; + (RfR)V; + (R;f/R3)V3]; high-pass active filter: f,; = 1/2aR;Cy; low-pass active filter: fop = 1/27R,Cy

12 Power Amplifiers
Powerin: P:; = Vedco
pe ou: Py = Vcdc= IoRc Vég/Rerms

= Vcelc/2 = (&/2DRc = Vée/@Ro) peak

= Vedc/8 = (Z/8)Rc = V¢x/(BR() peak-to-peak
ﬁacncy'%-q {P,/P?) X 100%; maximum efficiency: Class A, series-fed = 25%; ClasA,transfouna-ooupbd 50%; Class B,
push-pull = 78 5%; transformer relations: V,/V;, = No/Ny = Iy /b, Ra = (Na/N1Y’R;; power output: P, = [(Ver, . — Vieegs)
Uc ey — I gz ))/8: class B power amplifier: P; = vcc[(zlw)rpk] P, = Vi(peak)/(2RD): %m = (&[4[ Vi(peald /Vc] X 100%; -
Pp = Papf2= (P; — P,)/2; maximom P, = vcc/zx,_, D P; = 2Véc/#Ry; maxinmm Pyg = 2Ve/ % Ri % tmalhmmmc
distortion (% THD) = VD3 + D3 + D +--- X 100%; m-smk:r, = Ppijp + Tp, 024 = 40°C/W (fiee air);
Pp=(T; — Tp/(Osxc + Ocs + Os)

13 Linear-Digital ICs Laddernetwork V, = [(Dg X 2° + Dy X 2! + Dy X 2% + «++ + D, X 2%)/2" WV, i3
555 oscillator: f = 1.44(R, + 2Rp)C; 555 monostable: Tizer = 1.1R4C; VCO: f, = R/RiCOIVT — Vc)/V"'J phase-
locked loop (BLL): f, = 03/RiC1.fy = 8%,/V, fc = £(1/2w)V2af; [G.6 X 109G,

14 Feedback and Oscillator Circuifs Ay = A/(1 + A):; series feedback; Zy = Z(1 + BA); shunt feedback: Z = Z/(1 + £AY;
voltage feedback: Zs = Z,/(1 + BA); current feedback; Zr = Z(1 + BA); gain stability: dA/A; = 1/(|1 + BAD(dA/A); oscillator;

BA = 1; phasc shift-f = 1/2wRCV6, B = 1/29,A > 29; FET phasc shift: || = g.Ry. Rz = Rpra/(Rp + r); transistor phase shifr
f= (1/2aRO[1/V6 + ARC/R)), by > 23 + 29(R/R) + HR/R(); Wien bridge: Rs/Ry = Ry [R; + CfCy, f, = 1/2a VR CiRCoi
mned: £, = 1/25 VICoq, Coy = GG /(C; + Cp), Batley: Ly = Ly + L, + 2M, f, = 1/2w VI C

15 Power Supplics (Voltage Regnlators) Filters: r = V,(mms)/V X 100%, VR. = (Vag. — Vig)/Ver X 100%, V. = V.. — V(0-D)/2.
Verms) = V(p-p)/2 V3, V/ms) = (Loef4V3I)(Vief V); Toll-wave, light load V,(mms) = 2414/C, Vae = Viu — 4.170ac/C, 7 =
(2415.CVy) X 100% = 2.4/th x 1m Inest = T/T) % Ig; RCHihiers Vi = Ry Vae/® + Rp), X = 2.653/Clhalf-wave), Xc =

1.326/C (foll-wave), V/(rms) = X2); regulators: IR = (Iyy, — Ig) /Ly, X 100%, V, = V(1 + Ry/R), V, =
Veee(1 + Ro/Ry) + LgR>
i6' Other Two-Terminal Devices Varactor diode: Cr = C(0)/(1 + [V,/Vr])", TC.. = (AC/CAT; — To) X 100%:; photdiode:

W=H,A=v/[f,1m =149 X 107°W,14 = 100%m, 1fc = 11m/A? = 1.609x1(5"*‘v7/m2

17 pupnandomerl)evkes Diac: Var, = Vgg, T 0.1 Vgp, UIT: Rep = (Rp, + Ralz—0- Vop, = Wedin=0
7 = Ry /Ry, + Ry,)|i;=0, Vp = 1Vpg + Vp; phototransistor: Ic = hgly; PUT: 7 = Rg‘/{lzg,ﬂeg,),vp ﬂbﬂﬁa




