EECSI105 3 20f15 Fall 1998
FINAL  SOLUZions

Problem 1 of 4: Answer each question briefly and clearly. (3 points each, total 24)

What tvpe of electrical current (drift or diffusion?) and what type of i 7
flows between the source and the drain of an n-ch S transistor?

dzi it (Iﬁérau}é [t leespd by @4 F- f/é%f)
clirtns (because 10755 0a  p-thomnd )

Where is the maximum absolute electric field within an MOS capacitor in depletion, made of Al SiO;

and p-type doped Silicon? (Mark vour answer on the graph and give brief explanation
alf -
$i0, Y hér, boowse 5O bas the lopsy Sfdurui
Depletion — (vr)ling.
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What physical aspect of a planar bipolar transistor determines its Early Voltage value?

The width of the base  (thrweh the p/%mw Put oo

Mpoun as " base. vl wodubonion )
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it important ild ) Ur i j wistance when
lasing a common collector amplifier? lain vour answer.

Ne. Vour as .s%pvm:/ 7o bp Jwro/{f
50/t oogs wor care.
(Bt vas supoored 10 be logp, bur it 15
oiwy 10 be domivawd by Pi gayuay)

at can a circuit designer do to adjust the output voltage of the following npn bipolar diode-
connected voltage source?

Vee A typical value for this voltage source is about: 07V
To reduce this value, the designer must:

r ( y
| docrense Leer, o7 jmrecse s (moke rrowsior b 7_7’3”)
Lour To increase this value the designer must:
- ; .
i U0 The cpporite ©3 alpore
2

Tper

What single-stage amplifiers suffer from the so-called “Miller effect” that limits their frequency
response?

CE, C5  (berause they a»fﬁfy)

What is the definition of the common-mode rejection ratio of a differential amplifier?

baim in olifferenttol vodp

MEEs
(ME Gotu 1 Lonmmon vroip.
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Problem 2 of 4 (26 points)

Below is given a voltage amplifier with (W/L); = 50/2, (W/L)3 = 100/2 and (W/L),g = (W/L)3 =
(W/L)4 = 50/4. Assume that all backgates are shotted to their respective sources. Assume that
VEgrag is set such that all devices are operating in their constant current region. :

Mwﬁl o

er= (1)

For each of the following questions, make sure that you show the expressions before you plug in
the specific values. A correct expression is worth 70% of the credit, even if the numerical calcula-
tion is incorrect!

a) Draw the small signal model for the CS-CD stages, including parasitic capacitances. (3 points)

zT it K
dn Dt ]} Cysa (85
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b) Draw the two-port model of this CS-CD stage and calculate the following parameters:

Ay (i.e. unloaded DC voltage gain of the entire amplifier), Rin and Rout. Also calculate the DC volt-
age gain v, /v, when R = 5k and R; = 500€2 (5 points)

Quay = [0F¢ S | Ny y
9”“ - ‘;i"p?f S 0&, ) (-)// :F.Yuf’) . /01 ¢s - .?'u){}’l),) D gos?

/)V - ”fjm, (q’*’f//?w;,) T 47 4%

7. = T e y
fep, - //L;-{;‘f - /U, HEE 7o J{-) F s p1e /[ - f/f“" ) B

: , . -
ffff W P-J.u.u’ oW, T b)Y

”‘ -/ - 7.V /)y
/s /' IV[.I‘[/'JW’) /
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¢) Find the o34, for this amplifier using the method of open-circuit time constants. (Hint #1: make
sure that you include these parasitic capacitances: Cggy, Cgars Cabs Capa, Caa3; Cgizs Cgp3 and
Cgpa- Hint #2: all these capacitances combine to five distinct capacitances, for which you will then
have to calculate the open circuit time constants.) Answer this question in the following four
steps: 7

¢1) From part (a), combine all these capacitances to the following five, and calculate their values.
(3 points) R _ _ r
CESI= d?% W| Ll (_G')c + (O\wa: T rSC AL %234 2T XS %’ ! é;f/: -

Cea1 = W Cova —“.23'7([: !

C, (capacitance between ground and node “17) = (b1 + Cods + (g2 + Gda :é!fl::.'fSW'T{)":@
Casi = Wikddhn Gt WHZLdtn ) (ivn ~ P56 wu (o412 ) w0 = 6 | fF
(abr =Capy = 37 xbx w3 o (fodia) w20 = 1O fF

Cadi = (+v % ©5 = S fF (gd> = 23 fF - e

FWsils lox T Wi Gup = Fxw, x2 x2.) +100 x0.8 =357 f

Co= Cwat Cgoq tCagz = 12 4272 +21(97 Eez F;;Z

ijr‘f— - }3 Lo R g 2.3 foxeS = 732 fﬁ

CasB = (oo x6 w03t (st iz) xoi35 = Uy FF
c2) Calculate the resistance “seen” by each of the above capacitances. (2 points)

Rt g = Re=[SK] R gaq = Kot Yor #7ocat Guy 1oy 7 Tocz "R
| T Sk 4+ fbTE 4 Ooym Tk ECTE

P\(‘ = Yoy I Fogz2 = l(f@-—ﬂﬂﬂ,

- 4 A
KT ?53 = (}/9, NrOcz_)(l"‘ i““LTQL)“f ‘({,1,3 f/EL »

3

= b6k (| _f T ) K 1§ =[S E T
¢3) Calculate the dominant pole for the circuit. (1 point
p point) RKro= et/ ﬁn “(Eﬂ-l

T o= ITsf XCE A 260F X307k t 2y e £ « 6.7 &
WTFx Y5 6 k& + 663 f x 036§ =

CgsB =

¢3L °6 Mg

=TT T 23 Morad /e
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d) Assuming that, in addition to the dominant pole you fotind in part c, this amplifier has a second
pole at 1000Mrad/sec, draw the amplitude and phase diagrams. (5 points)

If you could not find the loaded DC voltage gain in (b), assume it is -20V/V and check here: O

If you could not find the dominant pole w34y in (c), assume it is 30Mrad/s and check this box: O

Dor-12 waqglhd @ 20 (o ()= Z24B  phase Au = 1807

) _Sgli(db) Wiy » 23 MRat/s
A“;Z?JB__ ————— T N — T —_—— = - — - - ==
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e) Quite frankly, this is not a very good amplifier, so go ahead and replace M, with an npn bipolar
transistor, redraw the circuit and calculate the new loaded DC voltage gain. (5 points)

A
B, 9,

\)o = P’H Rl_
'{7‘ C =~ ¢ ﬁw(fm\\ rtn_\‘ R \
£ ™ s L a /ﬂhﬁ,
200, A
?5 = 54[& Y < 0017 S
. 0259
[ =goan.
- Va = —E‘ SENRILSE 12 k
T 0077
Cot = _5]_'5.= 2_5_\/___ = 25 k.
L zo0uA
A =0\ V:"“‘“ (or = — = L = 200k
q‘um A ('w(zm**\

-1 : \y ] —_
AN o)y 1Y - T 137 ’ . ‘
\) q ¢ k%ID 2 QZ‘Z‘;‘[OG‘ 50- ZOOMA

= oluS = Q‘—HH‘{‘

A, - I3
g 0077 (?f@q- 25k 500
' T T
20bk (2 5k SO0+ 14y
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Problem 3 of 4 (25 points)

Consider the following static CMOS logic circuit. The two capacitances on the schematic repre-
sent the capacitance of the wiring connecting these gates.

For each of the following questions, make sure that you show the expressions before you plug in
the specific values. A correct expression is worth 70% of the credit, even if the numerical calcula-
tion is incorrect!

g: ):_D"_D:@-Q

a) Write the logical expression for Q in terms of A, B and C, and fill out the truth table. (3 points)

Q= ABC
A B C Q
0 0 0 a
0 1 0 o
T RV
1 1 0 (
0 0 1 a
o1 | 1T [ .
T | 0 | 1T | g
T 11 1 1 .
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b) Re-draw this circuit showing all the transistors that implement the logical functions depicted
ahove in CMOS static logic, using a 5V supply voltage. (4 points)

\jDD

:#4 [ B-of}, J____,I

¢ —
4
(_, f

-

; - L,

v

\\7 1
¢) All transistors have a channel length L=2um. The widths of the n-channel transistors for the
inverters and logic gates are as follows:

NAND gate: W, = 4pum, Inverter 1: W, = 6um, Inverter 2: W, = 18um, NOR gate: W = 4um.
Determine the widths of the p-channel transistors in the circuit such that the inverters have equal

propagation delays tpy, — tp; g and that the logic gates have equal worst-case propagation delays.
(6 points)



EECS105 11 of 15 Fall 1998

d) Find the numerical value of the worst-case propagation delay t, for the NAND gate. The drain-
bulk capacitances can be neglected because of the large wire capacitance. (But do take into
account the effect of the gate capacitance through C,1)(6 points)

(et ()
ot w o
P ‘ (Z)Hh Cox (Vnn—vr.‘)-z

O pmnt i Boaits)

C&: CL;,,,,I = qu(bunth-t Luf(_p): z.gf (C-Z* \7~'1): ?2? .} |
C = ZSOJ.

w/

—

2

332, ¥ (2-5)

7 (s (47

e} Find the numerical value of the propagation delay t,, from the input to Inverter 1 to the output of
Inverter 2. The drain-bulk capacitance can be neglected because of the large wire capacitance
(Again, do take into account the gate capacitances of the driven gates). (6 points)

oo U
t T e Y
2 ':-) M. ax( op Tw
+Ls L
C.C acf9 = C_ C’ay(UL" p e
- ﬂ‘ &}‘V1“z3ﬁ/ 1(1?1*362)g ZLR?F
= 4

1}
E
=

£
J
"
4
(up
©
=
wv

,(, - = CL (\Jw/z)
% (% }/—‘,, (‘dx (\"op'\gl.)z

+ 75Q } Cé_r 2,3(1C-2+ ‘l-2)= 72 .F
&, R

> ¢, = 10+92 T W42 f

CL: C.G"Cu'— C

P 2" 585 ns P 477

¢4y = 516+ 585 = (I ns
.P
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Problem 4 of 4 (25 points)
Consider the following circuit. Note that this is NOT a common gate amplifier, since the transistor
is only going to be operating in the triode region. =

¢, = 100pF (= |0°§F)
1

F— *- 1* Viout
m SO/.L L-EK‘:’
Vo= ImV cos (wt) ! %ngb’ j

it—
=
—

——
-

a) Note that this transistor is operating in the triode region and is playing the role of a variable
resistor. Calculate the sheet resistance of the channel of this transistor, as a function of Vgg. Do
this calculation for Vgg values of 2, 3, and 5V. (5 points)

MSIN[: THE  WANT
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b) Given that the size of this transistor is 50/2, calculate the equivalent small signal channel resis-
tance for its channel. (Hint: the small channel resistance in this case is NOT determined by the A~ |
of the transistor!). (5 points)

P:Robk (A WT CF Pe0PLE Usen Q;QQ%

W Thie Is A NO-NG )

—E -~ Q :‘:) (GL\

W sC .
Rlav): 2erie™ wd =2 800N
e lad: 10103 bd D woo
Vos (V) | Tohanner (Ohms) pla): Sp? o4 =2 200
2 S00.0
] qo0 L
> 200 [

¢) Write the small signal model and include and calculate the parasitic capacitances. Note that the
size of the drain is 10um long by 50pum wide. Also note that the C_ 4 for a transistor in a triode
mode is given by the formula Cyq = WLC,, /2 + WC,,. (5 points)
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d) Calculate the(first pole and first zéro for this circuit for Vg values of 2 and 5 volts and draw
stics versus frequency for each value of Vgs. (Use the same -

§, but make surc you mark cach carefully.) (5 points)
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e) What amplifier stage would you consider adding between this filter and the load in order to
make the frequency response of the entire circuit largely independent of the value of the load?
(Note that you have to use a transistor type and an amplifier stage that will not limit the high fre-
guency response of this filter). Draw the new circuit and explain your choice. (5 points)
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