ECE 3110: Engineering Electronics 11 Fall 2007

Practice Midterm IT Super Exam
Nov. 14, 8:35-9:25am

Name: __Vanilla [ce
(98 points total)

PrOBLEM 1: A feedback amplifier employing series-shunt feedback is shown in Fig.
1, where the feedback network is contained within the dotted line. The compo-
nent values are R; = 1 kQ, R;, =10 k) and Ry, = 10 k), and A = 10,000 V/V
for the basic amplifier. [13 points] /o = Jop N2

(a) What type of 2-port network parameters should be used to model the
feedback network? [1]

(b) Calculate the relevant 2-port network parameters for the feedback network.
4] (%/Vs)

(¢) Calculate the forward gain of the amplifier with the feedback network load-
ing effects included. [4]

(d) Use the results from the previous parts to calculate the input resistance
with feedback, R;f, as denoted in Fig. 1. [4]

Figure 1: Series-Shunt feedback amplifier.
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PROBLEM 1 (cont’d)

(k h- V&‘ramek’f)

I |
() hi= Y = |kl e = 0.5F
b lc Tilvp=o0
- z hyy = :E: = 1L L = L.5E} (omittme )
VZ T=0 |k 2k
Wiy = \_{L = _US b =
TS )I, e+ lk 05 ¢

(%’?l[lin A Vs Jok
Ibk AV, %ITM % lok | @(,7'“;‘)1- Joge! e lb <05k
Vo - 6777~ Ao

= &é’m

‘ (0/() Vi = \b¢pok+ 0Tk = ILTE
R (] + Ap)

IS E(I+657-0.7)
0,01 MAL

“\

it

A

i



|¢o ¢
Go J¢

=

10 11 12 13 14

Log(w)

I~ I\
fom) —~ N
<o
2 - <X
— = . o~ o © oD ma
o] = ) = ®n S ,
fxy — 14 i C & v
B B =) SH= mr Q
TR g — o &
< © I =
h=ER k) 8
REE 2 =R:
w5 — e = HE £
%) o) = ¢ : ¢ : 3 H » . s ¢ . « y :
+|= =, o ® L T A
2 XS o = ; SRR FOPRG. TS JRUTY OO . i, i SRS PN SRS OSSP U
ndl\lT . 0 O M ¥ L3 § a2 5 H ~ 13 w;.v 2»2? .ﬁw-\ﬂ“nﬂ A Salehal md
v Qi & fhe 1 e P e Howndenadn P TRFNE. F
c nm.u Wm St 2 & € 3 [ E 0 M u
< 3 W g anb W i e N S SO SN SO A
sa | 2 Q 8 & ; ¢ ? : I
I EE 0 % : o I
N ¢ 1 1] w ¥ M n!?’m.'l.?; 1] =)
E g g g 2N T ﬂ iR
g __ & rm L 7 7 .f.wr!..»luw\.»,s o sul.wve..m\!,..i.'.‘l.: S v + : “
& o, By Wi ¢ ¢ 5 s % 5 + i 3 % . i 5
o~ > = RS enmtuanduosdnnadecs@ondon ol gy coadovodano den Moo nbacadonad
S 28 g3 IR RN
& < = 8 5 B8, g ISP Ay S ISR HUNS SN TpT O RS T NORN- S0 A0 SO NS -
= ) hcd e h H 9 ¥ — M 3 5 T ,. 2
= oo a 2 2 & o sl L 2 AR
% & g 3 > B #onns E;,N«QAIJE;.Z.:w;i%:»l? 9 SRR Y 00 P N R N
< — < & ] & H H H ] ¢ ‘ + H w s w ”
(i) 13 [ 6 :
i S ® ; . SR 7200 T S A S SO0 7400 SO IO TS T
, @ Im & 7 h © L~ M 6“ w\ .” ..w nw .“ - () wszuaenmqsamoawﬂasfwzaam;nem rrrrr
4 * 8 < o=~ =g % . VAR o AT IR
“ el O . — ) it “ SR LA R At Sl i puwunfem Ify 0 eveffocs dawadumes vkzpunstma‘:uwn.i!
| S 2 2E 282 % D F | A R A
; —_— ) et [N S S DU JORRPR -2 RO SV ST, SR SRR SR v ' ¢ ¢ I
m ncRS g 8By @ [ RS S FE e mA A
H & o @ L& & o o K - .,a...mas.iw‘.}sw.\?l“eva :asw;. “_ a” H H H H : : H .
; N o 2 ° g — o &~ AP .M .M I A S el C A AT )
: i ¥ £l £ & % 3
M 2 = S Po 8w Paldedededadedddediody IO ST T S TS
; a eC = o — 3 i s & 2 ¢ X N [ i R R T i PR it bt
: g = &S a e % o O . w\w : H . 2 5 e ® . H H . h s
o = o 8 4 o annuu R R Gl SRR SELL SR S LTS UTTS P DR SR PRSI PR SO SRS SO SO
,ﬂ £ E e =28 8B 288 2R C A B
: 2 % &8 = B B o O O Aﬁ, PR S FE I T T i
: & = g o9 5 ¢ W. &b ° o % O 0 0L D e e e o -t
1 — M
M o € 88, S EES IFRFR2ISTR®EITA c28888¢R
: o g o BT R~ I S
‘= [N, Qo B rnm B N =~ —~
5y bl o 2 a 5o v m n o~
] c © -~ o + W 4+ R oA o MAI.I\ <
= 2 QS &
LooHem 8oy @
M N O 9 £ % i 8 B o e
.. o f, w2 = 2 o 28
= 2.0 @58 %
m
= Q
Q ot



ECE 3110: Engineering Electronics 11 Fall 2007

PROBLEM 2 (cont’d)
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PRrROBLEM 3: A feedback amplificr cmploying series-series feedback is shown in Fig.
2, where the feedback network is contained within the dotted line. The compo-
nent values are R; = 1 kQ, R;, = 10 kQ and Ry, = 5k, and A = 100 A/V for
the basic transconductance amplifier. [13 points] lo=10k '

(a) What type of 2-port network parameters should be used to model the
feedback network? [1]

(b) Calculate the relevant 2-port network parameters for the feedback network.
4] (/) |

(¢) Calculate the forward gain of the amplifier with the feedback network load-
ing effects included. [4]

(d) Use the results from the previous parts to calculate the gain with feedback,
Af =1,/ V,, as denoted in Fig. - [4]

i 4h

Ru

Figure 2: Series-Series feedback amplifier.
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PROBLEM 3 {cont’d)
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PROBLEM 4: We wish to digitize a signal with a full-scale range from 0-5 V. We
would like the quantization error of the digitized signal to be less than 0.05 V.
[10 points]
(a) How many bits are required for the ADC? [2]
(b) What is the size of one LSB for the resulting ADC? [1]

(c) If the ADC is implemented using a dual-slope ADC (as shown in Fig. 3)
with R=1kO, C = 3.95 QF , and fu = 10 MHz, what is the maximum
possible value of Vpgax? [4]

(d) What is the maximum sample rate for this ADC? [3]

——070———-‘
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Figure 3: Dual-slope ADC.
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PROBLEM 4 (cont’d)
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PROBLEM 5: The designer of the 3-bit binary-weighted DAC in Fig. 4 mistakenly
sized resistor Ry; as 3 k() instead of the correct value of 4 k). [10 points]

(a) What is the maximum output voltage (Voyr) possible with this design?
2]

(b) Which of the 8 output levels will be in error? Specify the output levels
as Sp3Sp2551 where a 1 for a given switch specifies that it is in the right
position, [4]

(¢) What is the maximum error in the output voltage as compared to a 3-bit
DAC with the correct resistor value for Ry,;7 [4]
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Figure 4: Binary-weighted DAC.
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PROBLEM 6: We wish to design a CMOS logic gate to implement the function Y =
{A+ B)-C. [12 points]
{(a) Draw the logic gate. [4]

(b) With the assumption that g, = 6 x 1072 m?/Vs and p, = 2 x 1072 m?/Vs,
size the transistors to provide equal worst-case drive strengths for the pull-
up network and pull-down network. [4]

(¢) With Cy = 2 x 1073 F/m?, what would the dynamic power consumption
be of the circuit driving the A input at 10 MHz? [4] ﬂ Jer?
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PROBLEM 7: The same designer who provided us with the ill-fated modified CMOS
inverter that we analyzed in class has come up with another inverter architec-
ture, shown in Fig. 5. Despite our skepticism, we have decided to review his
latest chef-d’oeuvre. Assume that Vpp = 5 V for this process, and the device
threshold voltages are V;,, = Vj, = 1 V. [12 points]

(a) Draw the voltage transfer characteristics (VTC) for this gate in the space
provided, and indicate which operating region each transistor will be in at
different segmeuts of the curve (hint: there should be 5 distinet segments).
8}

(b) Find the threshold voltage for the gate, under the assumption that both
devices are in saturation at this point. [4] '
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Figure 5: Modified CMOS inverter. .
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PROBLEM 7 (cont’d)

@,) J:‘V)"" Prow h:zo.wd (D,@ whre (e Aecice i} ot
- e p ook g, Vg, = (\/(,5,,_\/{)

Voo- Vot = Vi~ Vi~ ¥,
Vot = Vlk “‘“V-t.
(p‘.o’f' ’h‘x) lile o~ vt P MI-C @)

- Fid et p Lty Jud e V;;gh 7 (Vbh' Vﬁ}

Vout = \&\ - \/-L‘
2

(plw Ny e ot poe @)
— Pl ot ) ph ot dlavis e i Jet ©6)

(w 'Ewru} %V‘"l'b Lefcreen  drone  aoverty

@@V \/JCSL = @(;Sp' \/\L'\L
Via ~Vo = Voo~ Vie= V.

2

1.5V, = 5

Y= S = 3.5V
LS

M sk Jenge bped o~ 0w Skefrk.

12



ECE 3110: Engineering Electronics IT Fall

2007

PRrROBLEM 8: Consider a standard CMOS inverter with power supply Vpp = 5 V,
implemented in a process with V;, =V, = 1V, p, = 5 x 1072 m?/Vs, p, =
2.5 x 1072 m?/Vs, and C,, = 2 x 1073 F/m?. The devices are sized with
(%)n =1 and (—V{—)n = 2. [12 points]

(a) What is the low noise margin (NMy,) for this inverter? [1]

(b) What is the propagation delay for the inverter, assuming it drives a load
of C = 10 {F? [2]

(c) What is the maximum clock speed for a logic chain consisting of/ ten
inverters in this technology? [2] s

(d) What is the total power consumption of a chip with 100,000 gates, each
with a probability of switching of 0.25 on any given clock cycle (assume

Map,
C’M o Ferte

jo e b

the inverter being discussed is representative of all of the gates)&?ﬂw GV

(e) We now wish to scale back the power supply voltage to reduce the power
consumption, how much can we reduce Vpp and still maintain a clock
speed greater than [3]

8 GHe.
(f) How much will this extengthe battery life? [2]
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