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Term Test 2
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ECE331 — Analog Electronics
Lecturer - D. Johns

ANSWER QUESTIONS ON THESE SHEETS USING BACKS IF NECESSARY

Equation sheet is on last page of test.
Unless otherwise stated, use transistor parameters on equation sheet.

Non-programmable calculator allowed; No other aids allowed
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[6] Question 1: Consider a first-order highpass circuit with input v (#) , output v (#), time-con-

stant T = 1ps and a high freq gain of 3.
a) Give an expression for the transfer-function, 7(s) for this circuit.

k S T(is)=z I =K
T(S) =
2 C4LI3)8 k=73 T(s) = S5
' , S+ lef
("'/3116: Z;(’;@: [ r1edif(
b) What is the f345 frequency for 7(s).
Wyjg = [eC =27 38 |f3dB=/;%%|
le6
. - H
F?Jﬁ" Y 15 QkHE

¢) Sketch the step response for a step input of 2V. In terms of T, find the time, 7, it takes for

v, (1) to settle to within 1% of its final value.

%

|tsct = 4‘,(‘; |
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[6] Question 2: Consider the circuit shown below.

Cos = 1pF

Cgq = 0.2pF

gy = 05mAN ¢ = 207 g

ignore > ‘fof
current source output impedance = 10k &

Given that the low frequency poles should occur at 1Hz, 10Hz and 100Hz, and it is desired to
minimize capacitor sizes, find the value of C; (explain your reasoning).

Low FREG Poes DuE 79 [e= €. F
é( CL C"} )

|
bpo = Cgké’gg( roz): c (1.(7k)
L) 5 R I
b = G (Ratb T Gy (50K
L - A = ‘f
P3 = 3(Re) C3(1)
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0o, Lymite Ly = —— e7C
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O.o=f =y é/mf
fo Wy, = (eoHz = 0T URIEETY
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&

Lipq = to HE

py = M2
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[6] Question 3: Consider the circuit shown below.

Cos = 1pF

Cap = 02F o Ay =4 = 2K
g, = 0.5mA/NV ’ 7

ignore r,

current source output impedance = 10k

Estimate the 2 high frequency poles for this circuit (in Hz), ];1 and };2 .

A Roflhe . _ 42y bz 4 .
ﬁ’; fr ’ I = Smuz

Jor = (37 rmutp

I_/\/L——%Q(’ I 74/ /((#/‘LJ

£ A7 96 mMH
Pi ;Lé,( (C?@-FC?/({«?« (/{f//ﬂé) o~ gmHZ
[k o= Gl Gl (14 )= T
1 L s
L IC{' Ié/{) ;Z'ij( K)
| ~ 3.7 MHZ

’@PL (i@o// ./,) " /4/.7/,'“*%

Fo(1+e) R
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[6] Question 4: Consider the feedback circuit below. Find the loop gain, L, asymptotic gain, 4,
and feedthrough gain, d.

e
8m1 = &m2 = &m3 = 2mA/VéVI e foo .
Rp, = 20k ignore 7,
_/,
VB-—-I L= gza’j
§ & T oo
L = |d= A6 I
!\/{ o ,F—.: — 40
— §
f\/f, z / ;
<
- 9310 Re= R, |l (RF + R

ﬁ%:: Gs/{ ﬂj; - ) t Ca.7 0
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ECE331 Analog Electronics Equation Sheet

Constants: k = 138x 1072 JK ™' ;g = 1.602x 107" C; V= kT/q~26mV at 300 °K ;
£ = 8.854x 1072 F/m ; ko = 3.9 ; Cop = (kox®0)/ Tox
NMOS: k, = p,Co(W/L) 5 Vyy>05vpg20 5 v, = Vg~ Vin

> ov

(triode) vps < Vpy (0T Vp<VG=Vp); ip = k, (V) VDs — (Vos/2))

(active) vpg2V,, ; Ip= 05k, (1+Avpg) 18 = kyVpy = 2 /V,, = Py sts = 1/8n 370 = L/(IMp)
PMOS: k, = w,Co(W/L) 5 V,,<0:v5p20 ;v = vs6 =Vl ) ’

(triode) vgp < v, (or (vD>vG+|V,p|))  ip = kp((vov)vSD—(vSD/Z))

(active) Vps = Vey | ip = 0.5k, (L + Mvgp) 38w = kpVoy = 2Up/Viy = Iy 375 = 1/&m 2 7o = L/(IVp)

g/ V- ) i _ . —
BIT: (active) ic = Ige & + e/ V) i8n = /e = I/ Vpite = Vi/lg re = B/8, 370 = [Val/Ic
ic = Bigsig = B+Dip;0 = B/(B+1)sic = aigiRy = (B+1)(r.+Rp) 5 R = (Rg+r/(B+1)
v,

R,~(1+g,Rr Ry~ 1/8,+Rp/(8y7,) ’
Cascode: Vi * ” . . x ;=
ascode ;QS i ~—(1/g, + Ry) Ly Vi Ry Voo™ Vi I b Vo/ Vi~ &n(7o | Rp)
= vii = (Approx due to g,,7,» 1)
Diff Pair: 4y = &wRp Acyy = ~(Rp/ (2Rs))(ARp)/Rp) ;Acm = ~(Rp/ (2Rss))((Ag)/ 8m)
V. = AV, Vs = (Vo DUARDY/Rp) Vg = (Vo / DUBV/LY/ (W/L))
- A ~
Istorder:  step response (1) = Y, — (Yo —Yg.)e " unity gain freq for T(s) = ﬁs—/Mg_ Ji=Ad@san when Ay 1
3dB
Freq: for real axis poles/zeros T(s) = k,, (A +s/2)(1 +5/25)... (1 +/2)
cA+s/0)(1+s/0,)...(1+s/@,)
OTCestimate f = 1/(2ng1) ; dominant pole estimate fr = 1/ (21 Tn4)

Miller: 2, = Z/(1-K); Z, = Z/(1-1/K)

Mos caps: Cy = (2/3YWLC et WLyCor’ Ca = WLy,Cox s Ca = Care/ T+ Vas/ Vo)
fy = 8/ @n(Cye+ Cpp))  assuming Coy« Cps f; = (3HVUV)/(4RL2)

Feadback: A = A/(1+4B); % = (/(L+AB)x;: ddy/A; = (1/(1+AB)A/A s Oy = 0p(1+AB); 01y = ©,/(1+A4PB)

Loop Gain L=—s,/s; Ay = Au(L/(1+ ) +d/(141); Zpo = Z,o((1+L)/(1+ Lo))

PM = ZLG0,)+1805 GM = —|L( 14| 5

Pole Splitting ©,," = 1/ (g, Ry,C/Ry) 5 0pa' = (82CP/ (C1C; + CUC + C)
Pole Pair: s~ + (0,/Q)s + mi =0, 0 <0.5 = real poles ; O > 1/ /2 = freq resp peaking
Power Amps: Class A: 1 = (1/4)(V,/(IR)(V,/Vec) ClassB: n = /B, Vo) Ponmax = Vec!/ (R

Class AB: i,i, = I
2-stage cmos opamp: ©,; = (1/(R,G,,, Ry C.)): @p2 ™ (Gpy/C2):0; (1/(C((1/G,,5) - R)))
SR = 1/C, = @,V : will not SR limit if ©,V, < SR

MOS Transistor; CMOS basic parameters. Channel length = 0.18um

CdbO

v, | HCo X Cox | 1 | Loy W

O | ()| BV | @] (mm) | (em) ()

pm.

NMOS | 04 | 240 005 | 85 4 | 004 | 03
PMOS | -0.4 60 | -0.05 8.5 4 | 004 | 03
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