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Problem 1 (12 points)
(@)

sviCR :

The switch closes at t=0.

(a.1) Whatis V_ att = 0+?

a.l

V(=0 =[OV

(a.2) Whatis i  at 7 = 0+? » y B
_ ‘:,actf'o*) = e ’ : e ’a.2 L SR sk
ik |7 e-on=-5mp|

(a.3) What is i att=0%?

e | a3 ' ' ek
Ly (t=0t) = lo- A C’C"Oﬂ lo—-lo' it=0) = O mA|
._.o L

Cav,
(3.4) What is d_ att = 0%?

cdvie o L + =) dv"‘- = "§+0-—S'mﬁ %4 Wy ;
-J:E— Lé dt b=ot c soxw""F all 1. =

(a.5) Draw very neatly the graph of V_ versus time on the axes prov1ded opposne (You MUST put scales onthe
axes to recelve full credit.) : , B

(a.6) Write an equation for V(7).

a6

o= 5+5 explele?)|
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(a.1) Fill out thé Truth Table. (Define logic “1”as ~ Vpp and logic »‘k‘O” as ~0vV.)

(a.2) What is the Iogic function (F in terms of A,'B, c)? .

(b) A number of these gates are hooked up as follows:

' ’Vﬂ = 05V

rzfa%ji'

L i e

|

' L
oy
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NMOS Dev1ce Parameters
T|Vﬂ =05V
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Problem 2 (Con [

(b DIf v, (1) is 1mt1ally zero and suddenly Jumps to VD D> can you wr1te an expressmn‘for the

sta' delay TDHL, :
LR

ie., the time it takes Fj to go from VDD to VDD/Z (m terms of dev1ce parameters R bn, 'CDP"{; o

Cips CGP )? Note Ignore w1r1ng capamtance and do not evaluate numencally

""DHL --0 6‘7 R C. where

R = 3 Pn S and
c 3,(,9,, +(.w +2 C.e.p
(formulas only) 'FZ, C G”

(b.2)In the same circuit above V() isa square wave gomg from O to VD D to O etc We are mterested 1n worst ‘
case delay. WhJCh transient is slower rD HL ort DLH Answer the questlon by checkmg one of the three e
boxes : ' ’ : i S : |

| b2 B
|:] fDLH>TDHL_
TDLH<TDHL Sl

E] TDLH "DHL‘[

(b.3) Why‘7 (Explam answer to b.2. )

S 3R> Rp




I,

: Flnd VB in terms of V1 ; I1 ; R1 s Ry

= Va_ +‘ Va o
Ry R, —
L SR | [ _Crevdrm |
a V. = V., % Va - V =(l ] l
A \ 5,‘ B T RiwR,
Check “Yes or “No” for each item in the followmg T
table: : EiEEs
| Y | No
. Vydependson V; 72 | | %
L * R T
e " Rl %
z 2 € " RA 2 [ 5(
" RB 2 R x
(2 marke }
© x | |
L+ ' Find V.
6V o
E 1K (3 10ma Since. ahode & a |
?ei?f‘iitis | FerFecl‘ rechfaer no. voH-aJ,e. |
rectifier . - | , T
L alvoF can  exist acyoss o, V.= €Y V)
' V
4+ )
_(2 marks) e ,
@ -1 Lg| wma L+  Fndv,.
3V = GD 2V ; R
+ 9 1mA - : ‘
: KVL ow -tbc \ T
‘ APPj V = -8V i (V)
| ou-\-ermos‘\: LDOF L
kFinkd V0 -in ‘termslv of Vin ; vR 1> Ry
.V(,-,,;':" Va +3>Vq = Gva : FV e =
Ve : SV : : 9_ ‘Z n

N PTL T



Problem 4 — Op-Amp Circuits ( 12 points)

Note: Assumé that all op-arrips are ideal except that they have rails of £5V-

Kyl Vgt
AAA Py !
! Find v ;.
Vou= 2= M
Fill out the table: _
'kn 0g . ‘
Anekey v Ve Ve
{J'nv-t.r'l’u’
o 0]O0] o (@]
0 0 2 0.5
0] 2 0 [. O
02| 2 [} g
2 0 0 2-0
Vo 20| 2 [z.8&
2 12 0 13.0
. 2 12| 2 [3.6
PURPES 14 Va + 4 Vaarly :
(¢) Find and sketch the Thévénin Equivalent of this op-amp circqit (from terminals A-B).
10K v/ 10K F=——"7.
A e Wy W Lvoc. = VE lv
, ,V’s lv IOk v
DL T .~ v
LY
-_ 1K a R—r - ,%__.—-o - ‘I}
Tse ‘ﬁOK
i _ir/e'r T lolk

(d) Find and sketch the Norton Equivalent of this op-amp circuit (from terminals A-B).

1K

10K
A
v 2.V I
= 4y
B

L B oe—
vi= 2v’/ |
Vo =tV

70f 16




Problem 5 (14 points)
A CMOS process is listed below:

(1) Start with p-type wafer. :
(2) Deposit 0.5um oxide. Note: This and all oxides have relative d1e1ectnc constant of 3.9. (e is on cover
page.) ' L
(3) Pattern with well mask. (LIGHT GRAY, DARK FIELD)
- (4) Implant n well and drive to 1um depth.
~(5) Remove all oxide and deposit 0.5um oxide.
(6) Pattern with active area mask. (BLACK RECTANGLE, DARK FIELD)
(7) Grow 10nm gate oxide.
(8) Deposit 0.5um polysilicon.
(9)  Pattern polysilicon (gates). (DARKER GRAY, CLEAR F]:ELD)
(10) Apply resist and pattern with select mask. (NOT SHOWN)
“(11) anlant p-type source drains and anneal to get 0.1um junction depth.
(12) Apply resist and pattern with second select mask. (NOT SHOWN)

(13) Implant n-type source drains and anneal to get 0. Sum junction depths for both p-type and n-type source
. drains. ,

(14) Deposit 0.5um oxide.

(15) Pattern for contacts. (LIGHTER SQUARES IN ACTIVE AREA, DARK FIELD)
(16) Deposit 1um Al metal.

(17) Pattern metal. (DOTS, CLEAR FIELD)

We do not show the layout for the entire circuit, but just one PMOS device on page opposite.

(@) Draw a sketch on the axes provided (on the facing page) of the cross-section through the device along the
line A-A (after step 17). Note: The sketch must be to scale and neat to receive full credit.

3q %45 x10~'Y

(b) What is the gdte capagitance in fF of this device? (Put answer in box. provided on facing page.)

"
Coz o o =% _3yxi®F

34

(c)  What is the metal to subMgate capacitance per unit area (fF/ (um)2 ? (Put answer in box prov1ded on facing |

page.) . 985 200~1Y
Con® _e..!..é.‘.’. = 0.03% X0 K%

el — oY T e



Problem 5 Answer Sheet

Palysilicon

pm
4
4 . -
(@) sl . 2
2
OX(0E. (14)
! Oxr be(s)
i n

I I | | I
0.5 1 15 2, 2.5 3 315 4 4.5 5
(Note different vertical and horizontal scales)

10MM GATE Oxipe

M) | Cg, = 3,'-{ fF

NoTe = Of‘a///(yyr Juncerion
DEFHt 1S Yoo peep! THEY
© | Cua = 0,034 /F/um? Witl SHORT UNDEL GATe




Prgblem 6 ( !Z pgi gfs{ |

~Fmd the Thevenm equwalent 01rcu1ts of the followmg (You mus: draw solutlon in box prov1ded )

Cm o R0
A L »11_\4 : e ?T“ 3‘4\{-&\—5‘\ Ao——-————M’\ : —

- Be—

Q—m— \\‘ﬂ)‘ 3“ ST
mA$Mm:M»W‘ |
k T | Zeh-> AV
(Hint: Use Superposition) ~ L S\I"’ 5V

& Jee WV

AAA

Be

Be

Ao

vbu N
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N

E |
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VY
i
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>

>.RA
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©
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Problem 7 — Powg rand Energy, (12 points)

(a) The sw1tch closes at ¢ = 0. Then we walt a B , :
long time. Flnd the energy: S 8= 0 2K

(a.1) dehvered by thevpower supply. : 10V : :]: 1pF  (initially uncharged) i

-(a.2) dissipated in the resistor. -

(3.3) delivered to the yc‘apacito_r. S | eV 2.: oAmT
e

SR : al_©-4  unitsw3
(Answers must appear in answer boxes and _ T SR
“must have units.) ' .1._ C'VL‘? 0.05m3

a2_©.05 units"\fﬂa‘

2 ' ARG
L evzo005m3] a3 ©.05  nismI

,1K

V1 (1) 1s a square wave sw1tch1ng every lusec. Itis going from +2V to 0V, back to +2V, etc. (Period is 2 usec )

- (b.1)What is the aver §e power delivered by v, in mW? i
'P = J_. v 5 A Cz) = 4mW b.1 ’ P = i mW
(,R“f R‘,) : 2- \ . ]

(b. 2) What is the average power d1ss1pated in each of the resis-
tors R1 to R ?

mW

Rz_, R3 ) R+ aaak)( Same Wﬁ&a{, dﬂq}s | " Pp, = 0.5 mW

| mW
mW

b2 Pg =95

, Py = 5

PQ1 ~-R4 = —1— y— = %C‘) = OS'YY)W " \ 1?3 T

op wmp ek gt uoUTa?& isa s%um,c,wau-e | Pra =
ote av o

Prs = AoVt Lupiatudh

(b.3) What is the average power dissipated m the capacxtor” = 204N

aciton.  deek ‘M* ob.se\Pake, ‘ 3 P= OmW

oy Covroge) power.

(b.4) Where does the energy dissipated in R3 b4
come from? - i

op amp Pomien gu{)?«%




Problem 8§ — rin-k 4 points

The drain I-V characterisﬁcs of one of the Berkeley world record-setting PMOS "FinFet" devices are given
opposite. The device has a channel length of only 40 nm. This device has a width of 1um and a gate oxide thick-
" ness of 2 nm. If we assume a (—)0.25V threshold, we note that in saturation it seems to obey our model equation:

ID = IDS(I '”‘iVDS |)
where

w .

We intend to use this device in a circuit with logic values corresponding to ~0V and ~ 1V, using, of course, a

1V power supply.

(a) Device parameters: a.1) What is k,, for this device (20% accuracy)?

a.2) What is A (20% accuracy)?

ky = 16 units M/ vV

r=_0.] units \/-'

(b) Basic inverter: In the absence of an NMOS device we Voo
can still make an inverter with a resistor and power sup-
ply. Suppose we hook up the device as follows: v
(b.1) For this inverter you are to estimate the output - l Vout
voltage at several values of input voltage; in par-
ticular, fill out the table opposite. An accuracy of R = 3K
.05 V is adequate.
In order to estimate the performance of this _ VoD
CMOS inverter, we consider a chain of identi- ,
cal inverters. Stage 1 and 2 are shown at the Vi ._cl Vv, etc.
right. Suppose the input to stage 1 is low
(~0V).
} 3K 3K
St;;e 1 Sta—; 2
- (b.2) The Berkeley designers believe that for this inverter a sensible [
logic “0” range might be 0 <V <0.25V. What might be a sensible | 0.7 < V < |

voltage range to define as “1”?

(b.3) Now we want to consider the transient. If we ignore inter- [, 3
connect and drain capacitances, what is the capacitance
loading the output node of stage 1? Give both a formula in
terms of the circuit capacitances and evaluate for the
numerical value.

C = E%'W.L

(formula)

C

= 0.69 (fF)

(numerical value)

(b.4) The input to stage 1 is suddenly switched from OV to 1V. We expect the output of stage 1 to go from
high to low. You have already computed the capacitance in question (b.3); now compute the resis-
tance governing this transient. And compute the time for the output to reach 0.25V (formula and

value). PLEASE NOTE ANSWER BOXES OPPOSITE.

150f16



Problem 8 (Cont.)

1D (mA)

S0 0.2 0.4 0.6 08

-VDS (Volts)

(b.1)
Vin | Ves | Vou
_4 Ol Joas
. 025 | p 75| 0.6
0.5 0\5— 0~§S.
’ 075 | 08| ©O
1.0 o | 0
ba | r=__ 3K ___ohms
Vol

Ar = = RCEn -_—"‘all (formula)
At = 23)( 10-'1 (sec)




