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m od n

(a) Write 2 nodal equations sufficient to find voltages A and B.

(b) The switch closes at ¢ = O (after a very long time open). Write 2 nodal differential equations describing

V. and Vy.
— =0 .
J X w—t  T,- 4%
R, R, c L dx
i@ R = G= - JV
Ic,z, =G ‘I/i*
U

(c) What are the values of V, V), att =0T and 1> o0?

n P
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(a)

(b)

(c)

20f16

ViV Ve V% _ -
R 2 R r
VoV Vg —
‘_ YIS T —
I% + Sf?.c/, Z ‘Lj O
Ve - Vs e dVx 1 Ve -Vy .
R, AX R2
Vg =Vie dV
vy xX o C .
7z 2 {2 - 0O
Vx(r=0+) = O V
vaeom=___ OV
Vx(t—)oo)= \/J':
[
Vy(t—aoo)= Lf




Problem 2 Nerd Contest (25 points)

In a post-Big Game Nerd Competition, teams from Stanford and UCB were asked to draw logic diagrams to
implement the following function:

T =A+BC
The Stanford team came up with the following design based on NOR gates
C
_ G u
B ' E p—s T
Ae

Design SS

The Berkeley team came up with the following design based on NAND gates:
C o—

: D
B & ) 1

Design BB

(a) Fill out the truth tables opposite to evaluate TSS and TB B

(b) Do both circuits function as desired?

(c) Define the unit gate delay of the NOR gates as Ty and unit gate delay of the NAND as Ty, np-

Assume the outputs, T, are loaded by similar gates. What is the delay of the Stanford circuit and what is
the delay of the Berkeley circuit (in terms of Tyogr > TNAND )?
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Problem 2 Worksheet and Answers

(a)
FILL OUT A B C G H T Tgp
WITH ZEROS 0 0 0 -
AND ONES 0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
(b)
T
Function correct? 5§
(yes or no?)
TBB
(¢) Delay
SS Circuit
BB Circuit
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(a)

(b)

(0

(d)

em 3 Nerd Contest — ils i (Independent of Problem 2)

The schematic of a CMOS inverter analyzed in Lecture 25 is shown in the figure below. Note the unit
gate delay is 16.5 ps when the inverter drives an identical inverter.

Using the same CMOS technology, you are to design (that
means draw the schematic of) a 2-input NAND gate [NOT Vpp = 1.8
a layout please!]. Please size the devices for equal worst-
case rise and fall times, and use 1.5/0.18 as the p-channel

device size. —c|

5
—| 018 (km/pm)

Ry =R, =3.1K
0.69RC = 16.5ps
1.5/0.18(em/pm)

Find the input capacitance and the output resistance of such a NAND gate (worst case). Compute the
gate delay assuming the NAND gate drives the inputs to identical NAND gates. Ignore drain-bulk and
interconnect capacitance.

Now draw the schematic of the NOR gate and indicate device sizes needed to get equal (worst-case) rise
and fall times. Again use 1.5/0.18 as the p-channel device size.

Find the input capacitance and the output resistance of such a NOR gate. Compute the unit gate delay
assuming the NOR gate drives the inputs to identical NOR gates. Ignore drain-bulk and interconnect
capacitance.

For the Twerter T tha -p-‘fguwe_ above_
16.5ps = O.6QRC=>C= Clap+Cland = 14.5ps / C0.64 3 k2D

Apa (PMOS = 2 Area (NMOS)

NS,

Com = T.718F x& =2.81EF  C015um X 0. 1S mm)
Cor = T.NIER xZ2 =5\ 14FF (1 5um X ON&um)

—_—

(b) Cen =5, 14480

Cer ~Gipnir C - ot haie WL 5 0080

R= 3.[ il
Z\:: O L9 X ( @an +Cep) :—)-QPSE.C.,

@) Cay = PR (€ DAIS X BIE,, =2 \§uw\*0~‘¢w~)

Cap = 5. | 48R
p=4 Dl
T =069 <RR (Cenr Cep) =2Spsec
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(@)

(b)

(c)

(d)

\UpD
i N W 15
PMOS — = —
L 0.1
A —d =B
NMoS 7 = L5
\.)(:MA'\"_ O.!
A— l Rp = 2Rn
B
‘“:l_ S NMoS 2 =
schematic of NAND gate
CGP= 5\]4 fF CGN= 5\‘4- fF
R = R K Unit Gate Delay = 22 pS
\/pp>
W_ 15
A — PMOS T = 52
Nmos ¥ - 0315
"_ vowt L O 1 &
A%E(\ v;:lf-B ORp = | Rn
\ ' W -
: <. NMos 2 =
schematic of NOR gate
CGP = 5\ [4' fF CGN = [ l‘? fF
R=__L.2 K UnitGateDelay = __21.5 g
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(a)

(b)

()

(@

(e)

-3V

X V, =

M Power delivered by 1mA source = L'“ mv \’

- — W
Power delivered by 2mA source= __' 1)

o
-—g’ A /‘
v, = S\

100pF

T 1./
== Power delivered by 1mA source = { mw
1

»—®—
> 2KQ .,
= V, = l—f\f

oo
Energy storedin Cy = __) p J

Capacitors are initially uncharged.

-%v"::fo OV

Find V, long after the switch is Vx =

closed. Find peak power Py, tj i Q L [
. Pmax = — =22 O W

delivered by the voltage source.

Assume the 4 diodes are perfect 2) Vy = S »\'_/

rectifiers. (a) What is V), when
V, = 5V 7(b) Whatis V, when
V, = -5V?

I

b) VX = EES\r/
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Problem 4 Worksheet LX o X
V= ~—2-1=—3V LW @5@/ -

[on A . o 2V Y ﬁ\/ ,_. r71/
SOWNEe. o (m A)O‘* V) — '—Pm\/\/ — +

- Cdelwered) o imA (N LI—_l;

e mh 2= ooNE2V)= Yy

(el vered ) N

A)rg#eqdcu}-si-m)ff Qo\pmtl—or\ cu,%-s l!}/& Dper\ CLVCL,U‘{N

\/ ImA)
% me\ ( S —HYV \

,___ power =7 \/)[\mM T/
\m A
\fo\‘raao_ across G 3K % UK +

2\/~\/ =—1v
B = 'LC\/"" & (\OPF)GW) “"SPJ

/ ClpE . N\= 6
E;'% capac%r vc,]%cﬁeoh\/\&:oﬂ Vx = by IoE+4 pF = =].2V
shen Cepe clers ack ke short C;p[uj+3@} So

Cet peall powel W
ppi-—fw _9;(91 = 3.bmW

VX’ SNV ‘Por paﬁ‘ Vy=5v 'per par +(b) be cause—

i e

ore the same "H\Irlﬂ

PR

\Vz=

\}x = 3\/ —|v +2v+4\/-—*(@ |
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V.
Voo ‘m
| 2.5V
— C.. = 0.1pF
Rg=s00T T~ P
Vin ® @C “M—i X ! = ¢ (nsec)
3

[

Inverter A is a CMOS inverter with effective output resistance of 1.5K. VD p = 2.5V and VT: = 07,
Vo, = 1.8V.

The input capacitance is 5 fF, Vi was zero for 1< 0, then a pulse generator (with very low output resis-

tance) produces the input waveform shown above.

(a) Sketch the general form of Vour(?) -
(b) Calculate Vour att = 0+, = 1 nsec,and ¢ = 2 nsec.
(¢) Re-sketch Vi p(+) very carefully and neatly.

T = }{(j = (ff,S'.'f-,L;:Tk)(ﬁf 'h-"p) 3

L DusS

I\/c;t_.';" C[) = ,Z- (_’,

Votl2) =
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Solutions

em nsw t
(@)
Vour
A
2.5 P -
5
14
: = ¢ (nsec)
3
®) bl) Voupt=04) = __ 2.2V
b2) VOUT(I =1 nsec) = e 72 Vg
b.3)  Vour(t =2 nsec) = [ A4/
(c)
Vour
A
25+ .
- X\ /:__._/fr
24 -
\. el
1 N\ / |
o 12 - \\,
% { I P 1 (nsec)
1 2 3
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-

venin iv.
Find the Thévenin equivalent circuit for each of the following.

| 1K | I 25 |
Ae T Wy 7K | Source A o——r—
(a) | | treasformation 4V
0———'—‘\/\}\,—%:‘ I AN
s | | B c-,-——m—-MN____J
1K 2mA
L e e = — — — J
v RI<
AmA 2K
&) —
re=-=--=-=-=- | 3 _
| 6V . lmA 2K | [—— — L
A b - )
(b) I sivop lify ‘-" rem it sic

|
|
6K 3K ] G 3\:_
I 1K v | & G f D
RO U PRI U o .l

I8 =Y
B oAU G-

ocotpuhs o-@ D‘orqm;/ ?Iwm_,jf 3V

| |
2K
.?I A |
B o ? [ ;’L[Q

L e e e v e e minm  w— m— N E T ,

(Op-amp is ideal)
e e e o e o —— — -
| 1\%\( | \)+ - V_ =0V .
| 1K 10K I Ie A% Spen C/I“"'wav—,
A o~—AN- \ AMA— >—0 | N U = ou
(d) ! / - I ﬁ - .
ﬁ = KZ | Vg = -2
B Sy P T
T Ve 1 TH V S v  S

(Op-amps are ideal)
Moo 9{})?(13 ‘t’C-f{'_ Uﬂtt’-?‘?e )

B N
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- (a)

(b)

(©)

(d)

em 6 W
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em acitiv

We are designing a CMOS logic
circuit with the latest devices
Cgp = 20F
that use L = 0.15pm. An i
inverter schematic is shown for Con =1
the basic inverter R, = 3.5K
R = 35K

We need to drive an interconnect wire going across the chip with a capacitance of 192 fF.

(a) Estimate the stage delay (time to switch the output from zero to Vp,,/2 with the input going from
Vpp to 0) if this inverter drives the wire directly. The 192fF load is connected to the node labeled
‘SOUT!!'

(b) Suppose we insert two “buffer inverters” that have larger W/L (and therefore, lower Rp, R ) to drive

the load capacitance faster:

2
For Inverter A: % : = 515 " L‘%
[pe—{l>e—{B>e— W o
_I“‘ C, = 192 fF Lip 015
= For Inverter B: %N = 6—81—5 ?\\(9
wo_ 16
Lip 0.15

Now we suffer 3 stage delays! But let’s compute them — maybe it’s not so bad. Assume the load on
I, is the gate capacitance of 1, and similarly that the load on /, is the input capacitance of /.

(b.1) Compute CGn and CGp for I, and Ip.
(b.2) Compute Rp and R, for I, and Ip.

(c-e) Find the unit gate delay for all 3 stages (input step V,, — 0 or 0 - V,, and output moving from 0 to
Vpp/2 or Vpp to Vpp/2).

(f) Compare total gate delay with that of part (a).
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lem 7 W, he

0.64RC= Ggy3,5K X192 X0

@ T —|e—
1~ Cuyire = 192 fF Unit gate delay = ’-f-(:‘-{' DS
b
5 ' Inverter A Inverter B
CTK!(O rfLL-’. . Lf' P Tz F
R_{,)&I(aﬂ—»‘-{' CGp g " :}2 "
R, 15 219
R, g5 219
_ =g ~l 7 =
(c) = b‘: ; &, . BQNC= g3 SkX LR
delay Unit gate delay = =4 lp =
@ T —{e—{— atc =g x8TS XYELF
d Unit gate delay = 29 P X
elay |
© = D‘° ot = LTXT XIGLEF

192 fF
ST
delay l

Unit gate delay = ___ 29 ) <

(f) Total Of(c)*‘(d)"‘(e)%_.?ﬁ versus (a) L{é(‘( ES
> dologs << rcwzda /
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Problem 8 Te lo in
The layout of a CMOS logic circuit is shown below. Also shown on the page opposite is the cross-section E-
E of the chip.

( e G st
"4

Metal
{clear field)

€ s e

B
iOxicie cut Polysilicon Contact R
(dark field) (dark field) (clear field) (dark field)

------------

The CMOS process is:

(1) Start: p-Type Si wafer
(2) Well mask, implant donors
(3) Grow field oxide 0.5um

)
e)
(6)
)
®)
(&)

Pattern oxide (oxide cut for thin oxide)
Grow gate oxide
Deposit 0.5pum polysilicon

Pattern polysilicon

Two select masks with implants (masks not shown)

Deposit 0.5um oxide

(10) Contact mask, etch oxide
(11) Deposit 0.5um metal
(12) Pattern metal

(a) In the space provided, draw cross-section A-A. Use E-E as a guide for scale.
(b) Draw cross-section B-B.

(c) Label the inputs and outputs of this circuit on the figure above. (Note that there are 6 wires entering
from the left and of these, only 2 are labeled, namely VD D and ground. You are to label the others and

use these labels in part d.)

(d) Write the logic function of the circuit (for example, OUT = (A + B) - E). 150of 16



Problem 8 Answers

Silicon substrate

Cross-section E - E.

(@
Qlicow  Uunberose
Cross-section A-A
®) |
9‘05 Moo ’ ( 910; - , 4
E - Yy ! : » ‘ : ) ‘ g
(S
L Qvide )
. - n- el
Qhewn Wikt
Cross-section B-B
(c) (Label figure on opposite page.) | - ~ TH’A-N V-ob VO

PAUL  PAR

(d) Logic Equation OUT = A -R-C

16016



