University of Toronto
Term Test 1
| Date - Oct .23, 2015 (1:10pm té 2:00pm)
Duration: 50 min

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

Grading indicated by [ ]. Attempt all questions since a blank answer will certainly get 0.
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[6] Question 1:
a) Find the intrinsic gain of a transistor with L = 0.25um and V_, = 0.2V (based on the

0.18um parameters given on the equation sheet)

JwTRAIANSCC Cpimw = AL = 7~« o
_ K - . ooa = L
Vo v/ [ENER, 17

(1) ( 0.25)

Ao T Gayces) -7 W

P ——

b)Ifa g, = 2mA/V is required, what must /5, and W be?

o \/O 2e-J)o.r
?W s Sy 71, = :( e-1)(02)
Vv B 2

Ty= loopmA

IQ - /U‘,\/ Cax Cﬁ/;) Voj

v o= (2 (2"0 e-¢) “’m ) _ s, 42 pirmr

“"’(9:7;08, () (O 1) -
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[6] Question 2: Assume an nmos transistor (based on the 0.18um parameters given on the equa-
tion sheet) with W = 4pm, L = 0.25um is biased with V,, = 0.3V and Vg = 0.8V.

a) Find the r, for this device.

:1:0: u~¢qfo oV «»OMQ"J( 1;)0 J )’ /73/,4A

_ L LB = 199Kk
o = (M| Fa - (o.o';)(rf}'a«é) p—

b) If Vg is decreased by 0.1V, what is the corresponding change in [, ?

ATp= ls\/ﬁ; _ :ﬁ%—k: - 746 A
) .

}

P

¢) If a cascode current mirror makes use of two nmos transistors biased with the same current
as in a), find r, and the change in /}, for a 0.1V change in the mirror output voltage. (assume
both transistors remain in the active region).

-~ ?_‘_EQ. (1)([73/44) = (1L 7~ 3
7"’“ T Vv 0.3

e - r= (e (2t aK) = lman
AT, = &VM :?—0'——(” o
i — s 0.1 uA
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[6] Question 3:
a) Given 2 current sources from V, where each are 10LA, design a wide-swing cascode

current-mirror circuit (including bias voltage generation) that gives an nmos output of 30 A .
Assume all transistor lengths are 0.18um and the nmos current mirror output transistors have

W = 3pm. Show the widths of all transistors on your schematic. (Hint: there should be 5
nmos transistors and 2 current sources on your schematic).

L:D.fé)/.(,m

0

UYL

M=) =73

/‘7[':>l/\/,:-3

i\

b) Assuming V, = 0.3V and V,, = 0.2V, show on your circuit above, the values for the 2
bias voltages.

VBL: Vg, 4 LV, = 0.7\/
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[6] Question 4: Consider the circuit below.

Em1 = 8m2 T 2mA/vV
T, = T,y = 20kQ

a)Find R;, and R,

Lo _ I
/ / . = 500 4+ "‘7' - SlgfL

P ?w\x%ﬁw
= 4.{72k

= &
p’&vt'!» = rol/f/ /{?/ —_ ;LOI&*/{; Fo 687K

m_

b) Find v, /v, I_;mgf _ 0 3 M %
N T v
“'5/7'” — 55+ lk

Vo oo %«467'{/%) :(’),a,3)(0~?5'2/<)—’-/,7[%

——
{

—
i

Vo :-/0\3%@‘~(/i?1)(~1-3.34}: - 977 %
~¢ S
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Analog Electronics Equation Sheet

Constants: k = 138 x 10 JK™' ;g = 1.602x 107 C; V= kT/q=26mV at 300 °K ;
€y =8854x 1072 Fim 5 ky, = 3.9 ;Cpy = (kox€o)/ 1oy
NMO_S: kn =_p'ncox(W/L) > Vln> 0 s VDS 20 ; Vov = VGs~ V,"

. 2
(triode) Vps < Vov (or Vp<Vg— vln) s ip = kn((vm')vDS - (VDS/Z))

(active) vpg 2 vy, 5 ip = 0.5kwo (14 hvpgs) 8y = KV, = 21/ Vo, = 2Ty i1y = 178, 370 = L/(IM11p)
PMOS: k, = p,Co (W/L) ; V,,<0 ivep20 v, = VSG_IVIPI ,
(triode) vgp S v,, (Or (v > v+ |V, 1) 5 ip = k(v )vsp = (Vsp/2))
] 2 R o= ’
(active) vpg2 vy,  ip =05k, (14 Mvgp) 18m = k,Vo, = 205/ V,, = f2k 157 = 178, 170 L/(IM11p)
(vge/ V) . - N _ . —
BIT: (active) i = Ise "= T (1+ (vog/Vy)) i8m = O/7e = 1/ Vy it = Vi/lgi rp = Brg, 70 = [Val/1c
ic=PBigsig= (B+Digia=p/(B+1)sic = 0igiR, = B+ 1)(r,+Rp) R, = (Rg+1)/(B+1)
v
R =(1 +8 Ro)r, R.\'= l/gm"'Rl)/(grnrr)) °
Cascode: Vi N mTSo ) - e (r
’Rs i e==(1/g, +Rg) ]vl. Vi "{ Ry Voc=Vi L R Yo/ Vi= 81y I Rp)

= Vit = (Approx due to g,.7,» 1)
Diff Pair: Ay = 8mRpi Ay = —(Rp/(2Rse))((ARp)/Rp) ;Acu = —(Rp/ (2R ((Ag,)/ 8,y)
Voo = AV, Vo0 = (V,/2)U{ARR)/Rp) i Vo, = (Vo / 2)((AW/L))/(W/L))
—1/T Am
Ist order:  stepresponse ¥(1) = Y — (¥ ~Yp,)e unity gain freq for T(s) = y——-—
5/ @3gp

Freq: for real axis poles/zeros T(s) = k U +s/2)(d+5725)...( +572,)
AT+ s5/0)(1 +5/0,)...(1+s/0,)
OTCestimate fy = 1/(27n%7;) 5

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

fi=|Ay|®3gp when Ay » 1

dominant pole estimate  fz = 1/(271T,,,)

Mos caps: Cy, = (2/3)WLC, + WL, Cori Cog = WL, Cois Cay = Capg/ (J1+ V! Vo)
fr = 8m/ QR(Cyy+ Cpy)) assuming C,,«Cy; f, = (3pV0‘,)/(4an)
Feedback: Ay = A/(1+AB); x; = (1/(1+AB)x; dAy/Ap= (1/(1+AB)dA/A; Opp = @yl +AB); Oy = © /(1 +AB)
Loop Gain LE-—sr/x,;Af = A (L/(1+L)+d/(1+L); me = ZPO((l +Lg)/(1+Lp))
PM = ZL(j®))+ 1805 GM = —|L(j®4)]| 5

,

Pole Splitting ®,,"=1/(g, R, C/R)) Oy = (8, C)/(C1Cy+ CLCy + Cy))
Pole Pair: s~ + (0,7Q)s + m(z) =0 ; 0<0.5= real poles; 0> 1/./2 = freq resp peaking
Power Amps: Class A: 1| = (1/4)(V,/(IR.))(V,/ Vo) ClassB: = (/4)(V,/Vee): PON_max = Vee/ (T°Ry)
Class AB:i,i, = le
2-stage cmos opamp: ©,; = (1/(R|G,,,R,C )i ®p2 = (G127 Cy) 0. = (1/(C.((17G5) = R)))
SR = 1/C, = ®,V,,, : will not SR limit if @V, <SR

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

CdbO
v, | KC,, Y Cox | ¢ L W
' ox 0x ov
W | (uasv?y| WYY | @Eum®)| (rm) | (um) (ﬁ:
un
NMOS | 04 | 240 0.05 8.5 4 | 004 | 03
PMOS | 04 | 60 005 | 85 4 | 004 | 03
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