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Question 1 ( 15)
1- Describe PMOS, NMOS Explain how they work? | am not looking for ON/OFF
answers. A discussion of the Vgs.ld curve and region of operation should ensue.

(5points)

If Vds = 1,
ARoccumulation Vgs << Vt
Lepletion Vgs ~ Wt
Inversian Vgs = Ut

If vds =0,

Unsacturated Vgs — vt > Vds
Saturation Vgs - VvVt < WYds
Cutt-off Current flow is essentially zero.

2- How do you evaluate performance of a digital circuit, please name at least
three? (3 points)

a. Area/Cost

b. Reliability

c. Scalability

d. Speed (delay, operating frequency)
e. Power dissipation

f.  Energy to perform a function

2. Yield & Defects : What is the yield and how do we calculated ? (2 points)

No. of good chips per wafe w 100K

Total munber of chips per wafer

3. What are the three types of power? (5 points)
* p(t) = v(D)i(t) = Vsupplyi(t)
+ Peak power:
* Ppeak = Vsupplyipeak
* Average power:

1 (147 Vauph (14T .
Foyve = T L p()di = %L Lsupply (f)dr
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Question 2 (25)
1. What type of logic function does these circuit do? (12 points)

A B
I .
e Lo
: v LT L.y
1 4
e
\ l X}'
A B A B
xJ LT Ly v=xitaanps  NOR T T T L., o xitTANDB=17F
A
1 4

OR - = —
,\'1' Y=XifAORB NAND xr Y=XifAORB=AB

2. Given the truth table below, (8 points)
1- Draw the CMOS circuit in transistor level

2- Draw the layout stick diagram
L Esﬂ _
— (A.B)
B

Parallel PMOS Transistors
S\ P-Diffusion
: (in N-well)

A B Out
] 0 1 Poly wire connects __\
PMOS & NMOS gates
0 1 1 Metal 1-Diffusion
Contact .
1 0 1
1 1 0 Series NMOS Transistors

3- Given a complex gate as shown below, what the function of the circuit?
(5 points)

F=((A+B).C}’
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Question 4 (25)
1. Draw the CMOS transistor level for this complex Gate and draw the stick

diagram for it F=E+(AB)+CD(15 points)

F = (AB)+E+(CD)

— utput

! VSS
PDN Vss PDN

2. Consider the following figure below, what type of logic gate is this? Do you
think the designer balance the rise and fall time? (10 points)

NAND?2. The pull-up network has two PMOSFETSs in parallel and the pull-
down network has two NMOSFETSs in series. Interestingly, we can see that the
designer didn't balance tphi and tpih.

3|Page


http://www.birzeit.edu/

Electrical and Computer Systems Engineering Department

i

Dr. Khader Mohammad

. . '--.::.--.— ‘-::-F: = .
Integrated Circuit ENCS333 %‘,;‘M}"‘;}ﬁ Midterm  19/4/2016

Question 4 (25)

Draw static and dynamic implementation for F=(C+B).A (10 points)

Clk o—|

gl

T [

4- What is the output voltage of each of these devices: (15 points)

e If Vgd < Vt, channel pinches off near drain when Vds > Vdsat = Vgs — Vit

0 Vas
Id,:; — _ﬁ (I”qu - 1Vt — Vdi/g) Vds Lﬁs
g{VqS T Vf)g Vﬁs

< W Cutoff
< Visat Linear

> Visat Saturation

e Example, pass transistor passing VDD Vg = VDD If Vs > VDD - Vt, Vgs < Vt Hence, transistor

would turn itself of

VDD
Vo |
T 1L
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What would be the voltages on the different nodes?

v Voo Voo Voo
il AR I Il
il L 00 T TR TN
EE|E_}|—|_‘|"‘“Irs = Voo Vi Voo-Vin

VooVin Voo Vi

Vo Ly v
i [_Vfl‘*-’tpl 1 oo
VI VDDT—'_LVDD-:ZV
VSS

tn

tn

Assume: initial voltage of 0.5V on all the internal nodes
Via = 1.0V, Vi, = 0.2V and |V | = 0.2V

1 i 0.9 0.9

1 1 L L
A 1le 1l e 1o JLE

0.8 0.8 0.7 07
1 0.9 1 0.4
1 1 L 1
;A B o D I | E
0.a 0.7 0.7 0.7
0 ] 0 0.1
_d}_
) A 8 c ») E
0.2 0.2 0.3 0.3
0 0.1 0 0.1
O O el el
o A B G | | 8] | E
0.2 0.3 0.3 0.3
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2.5V 2.5V
_T_ V = V -g- V = \/
25V TT . 2 25V T[T i —
2.5V
2.5V 2.5V S 'I-l-l' MR
7 A el e ¥ [ S
eV T T - 25V TT o

i ?
I I

By i:?:r.:o')um‘ 25V Ves=0 (newer s on)
V,= 2.0V -g- V.= 0V
(+]
25V T L 25V. T T

= =
1 L

2.5V 2.5V
_I_ _Tf_' V = .OV
i g Y R
2.0

e
-
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25V T T 2.0
vc:‘-(.)\/
I | B

"
+

Question 4 (10)

Consider a three trainsitor circuit as shown in figure below. Vdd=2.5V and input
signal switch between 0 and VVdd with sharp rise and fall times. All transistor are
minimum length 1=0.25UM, trainsestor width W2=2um, W1=1um. Note: ignore
body effect. Find M3 transistor width such that the switching point of the inverter
(Vm) is placed in the middle of Vx signal swing (10 points)

VM
2.5V e (et
_]_ L m
o TT Fd Vous
3 M,
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Vin = 2.5V — W Wm—f« oq:‘-l\/
Vin= 0 —> V¥ OV

Vm = Van=Vxe _ 1,05V

At Voot=Vem , Vbs= —|45V for PMOS M2 and
Vps= L.OSV for Nm0S M3 ’ which maans bofh ML
ard W ave velochy Sahorded (Nosary~1, Vasurn = 0.6),

wo s far workr Ly = T j So We Can Solue
Lor fle w.aﬂ\ of M3 os\«ﬂ tie ulwu-..j Satvrided curriat
equetions .
Toss _ Wn e va\(\/m ~Vin- \Juwn)
Tepz. @\Nfu, Vbsarp (Voo - Vn)+V"+¥R:ArJL) =)
We  kn' \anr\(\,fn Vir- kg ) "'-’ . e
* ko’ Npsarp ((Voe- Vm ) ~Vip— U_w:m;)- 196 5 | U= g = 137 pm
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