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VLSI Design Flow,

. Questions-Answers

Long Answer Type wnm gom::: Answer Type Questions

N Dr3aw and explain the VLSI design flow (Y-chart).

[ AKTU 2018-19, Marks 05 |
OR
Draw the Y-chart and explain the VLSI design process. Mention its
advantages. | AKTU 2020-21, Marks 07 |
Answer “

A. Y-chart:

1. The chart was first introduced by D. Gajski. Y-chart illustrates a simplified
design flow for most logic chips, using design activities on three different
domains which resemble the letter Y.

Structural Y-chart Behavioral
domain domain
Algorithm
Processor,
Register ALU Finite state machine
Module
Description

Transistor Boolean

equation

Geometrical layout domain

Fig. 1.1.1.
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T : f three domains of re .
onsists 0 X Presentat
% ﬁm meﬂﬂaﬁa and geometrical layout domain, Name
a ) . .
M.Mm design flow starts from algorithm that describes the behayig, £
3. . 0
target chiP- hitecture of the processor is th e
rres Ob&.mbm. arc eC . or 1s en Qmm
L1y
( System mvmommnwawad
v
( Functional Design
Behavioral = y -
Representation @nneoumu verification
v

( Logic Design
v

m Logic Verification

Logic (Gate-level)

Representation
- v
m Circuit Design
Circuit v
Representation m Circuit Verification
v
m Physical Design
Layout m Layout <¢ ificati
Representation 20 ME A TN

Fabrication and Testing
- Fig. 1.1.2.

The next design evolution defines FSM implemented with registers and

ALU. These modules are then geometrically placed onto chip surface

using CAD tools.

The third evolution starts with behavioral module description. Individual

modules are then implemented with leaf cells. Logic gates (leaf cells)

can be placed by using a cell placement and routing program.

w.m hwpmn stage §<o~.<mm implementation of leaf and mask generation.
1g. 1.1.2 below provides a more simplified view of the VLSI design flow.

Note that the verification of desi :
. €51 la v
step during this process. gn plays a very important role in every

The fail i i i i
Tho mnE.m of design during verification causes expensive re-design at
age and results in increased time to market

1 AF QuO-moB.S
Introduction

h HQHYQOGSD nmm 1
0. Althoug ‘0Wn design flow ]
1 there is no uni-directiona] ¢ o g design process, but in reality

0 OU-&OSU desi
bottom-up approaches haye to be noEvaMMan“ou m.hmwﬁm%%o@b o
esign.

Advantages :
Reduced size for circuits,

Increased cost-effectiveness for devices

HB@HMEQQ performance in termg of the operating speed of circuits.
Requires less power than discrete components :
Higher device reliability. :

®

R B S

Requires less space and promotes miniaturization

: . .m&m&.&e%&m ...AOE..RQ...QN w&&‘ g
< and Worst Case Timing Analysis.

GeneralDesign

Que 1.2. _ Explain critical path with example.

Answer _

A. Critical path :

1. The critical path is defined as the path between an input and an output
with the maximum delay. Once the circuit timing has been computed,
the critical path can easily be found by using a traceback method.

2. Critical paths are timing-sensitive functional paths, because of the timing
of these paths is critical, no additional gates are allowed to be added to
the path, to prevent increasing the delay of the critical path.

B. Example:

The STA (Static Timing Analysis) tool will add the delay contributed
from all the logic connecting the @ output of one flip-flop to the D input
of the next and then compare it against the defined clock period of the
CLK pins. This should be strictly less than the clock period defined for

that clock. .
If the delay is less than the clock period, then the path meets timing. If

it is greater, then the path fails timing.
possible paths that either

w..Ewmmwmﬁnmwvm;mmdwﬁ@m&wﬁaﬁowngm .
exceeds its constraint by the largest amount, or if all paths pass, then

the one that comes closest of failing.
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.mmg.d

||\M|.w\|_ Write a short note on worst case timing analysig
Que 1.3. )

2.

s timing analysis (WCTA) portion of WCCA analyq s

wm?ammm .
Mw-m Moow&mn& devices and signal paths under worst-case oos&zouww
It usually accompanies many other assessments such as mmnosv:u.

signal integrity, and DC compatibility.

WCTA, Timing Designer analyzes the results of the Printed-Cjy....
MMME (PCB) propagation delay, extracted from Hyp erLynx mb%wﬂ;
static timing numbers of the FPGA or ASIC. e
Through WCTA, setup and hold time violations can be analyzeq.

PART-3

Overview of Design Hierarchy.

' Questions-Answers

Logg Auswer Type and Medium Answer Type Questions

T

£

OR

.m.u.h. _ Write a short note on design hierarchy, regularity,
! odularity and locality.

Explain the concept of design hierarchy with the help of example.

i ?mﬂﬂ. :

A
1.

. [ 2017-18, Marks 10|
\ =t L hote - Chpie ]
= Mmoo 'S € § ded b
1 as St Emry dibd ], gy e 55
Design hierarchy : * m&.m & w&w«.r.. X /- y R .
. £ T 1 : : ) ,\,
The use of hierarchy involves dividing module into sub-modules until |
the complexity of the smaller parts becomes manageable.

Similarly, the design of VLSI chip can be represented in three domains.

thmm important for the simplicity of design that the hierarchies in different
2 mains v.o mapped. Fig. 1.4.1 shows the structural decomposition of a
MOS 2 bit adder into its components.

Adder can be decom in :
B g posed into 1 bit ad
circuits and individual logi Wi adders, separate carry and sum

The ab T EPRIEE . .
ove partitioning provides a valuable guidance for realization of

these bl
ocks on the chip. The approximate shape and area of each

sub-modul ; 2
ule should be estimateq In order to provide a useful floor place.

1-6F (EC-Sem-7)
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=

o chp AR

| Fig. 141,
Regularity : Same  Pullexn ow,bkb» GRAT;  €oyy &Y oervo Ce

Regularity means that the hierarchical decomposition of a large system
should result in simple as well as similar blocks as much as possible. S o

Regularity can exist at all level of abstraction. For example, design of ® v& i ¢

array structures consisting of identical cells at transistor level and at T €

gate level. Spv €
Hm.. the mmmmmdma.gm a small library of basic building blocks, a number of o Fa bvicahe
different functions can be constructed by using this principle: H exyov
Regularity usually reduces the number of different modules that need oHT

to be designed and verified, at all levels of abstractio ~ N

Modularit A .nr;.,‘ 6 A 3RALY phed a um.ac& oy, B ssani
iy NE % TRt ey 2ot Lorgie ph S YTt oy o,%ba.:.. SHOME
Modularity in design means that the various functional blocks which

make up the large system must rm,<m.€o:-mmmbmn m&bnﬁoum and 4
il R 0

mbﬂmﬁﬁwnmm. w.«.»‘/,,f.._."uw;., .w,?,.,,. M‘.,ﬂ,:nwv;.ﬁﬁ qf.m.m.w,..‘.:swm.r 0

Each block or module can be designed independent from each other

such flexibility is provided by modularity. All the blocks can be combined Ve
. : ; il

easily at the end of the design process to form the large system. e @i TWhbh

ts of modularit ble t! lel during the design. o ! i

The concepts of modularity enabls the parallel process QB TASEREE &\ 3at ohif

Locality : .~ % puwe &, W@ st

The concept of locality ensures that connections between module to

module are mostly between neighbouring modules, avoiding distance (o ST

connections as much as possible. o f/ )

During interfacing each module in the system, make sure that the ¢ ﬁvo.,»a,m.. ,B.um._

internals of each module becomes unimportant to the exterior module. Use Qg

Far-interconnections can be avoided as they provide long delays in the @ Do?r_,) q/
system. All the time-delays operations should be performed locally, S fﬂ
without the need to access far placed modules. = .w_qn_ 13, E

PART-4 .
».ww.hn:e.
51

Layers of Abstraction, Integration Density m.:& Moore \
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S\MH Ummmmﬁ
R - Introduction
Questions-Answers . gii. LSI:
e A , large scale i
+d Medium Answer Type Question s botwosn oo (LD, th nuriior o got
wer Type and Medium AnSwer Jype Questions nm:mmm e wn 000 and 100,099, 1, mmw.omw nwmw devices per chip
e, : LT ST an: ; as ; i) eral,
Noum number ow. M%HMWMMMMMM mo Rumber of steps for FMWMWMnWmM. %WM
. : . transistors than with the Evo_mﬂsﬂw%bvwo&coma on the chip with MOS
m~|ﬂm\|~ What are the levels of abstraction ? Explain, +v. VLSI: sistors.
ue 1.0. .
, When the active deviceg i
; s Per chip are over hundreds of th
,Mb“qﬂ tion'dve : , then it is referred as very large seae Fﬂomwmsouaﬁ@u.m.mmv thwwmmw
The levels (layers) of abstraction are : modern chips employ VLST technique . .
i, Behavioral or algorithmic level : HEM is the highest leye] of v. ULSI: o
. . be implemented in terms. of the degi,. ;
abstraction. A Eomms_m cAR esi Recently a new level of integrat; ; B
algorithm. The designer no need to have any knowledge of hardway, as ultra large scale muamm.nmmwg %%vavmmﬂﬁmﬂw%nﬁhﬁwnwwwwﬁ
one million active devices are integrated on a single cE.w. Pentium

implementation. . .
Data flow level : In this level, the module is designed by specifying the

1. .
data flow. Designer must how data flows between various registeyg of

microprocessors use ULSI technology.

Que H.N. /| Discuss the hierarchy of various semiconductors with

the design.

iii. Gate level : The module is implemented .H.b terms of logic gates anqg Moore’s law. Draw the Y-chart and explain the VLSI dSigh prncees.
interconnections between these gates. Designer should know the gate. 3 —
level diagram of the design. . _ AKTU 2019-20, Marks 07 _

iv. Switch level : This is the lowest level of abstraction. The design ig ; Emﬂww i
implemented using switches/transistors. Designer requires the it b ) . .

| knowledge of switch-level implementation details. A. Hierarchy o <N5A.Em semiconductors with Moore’s law :
w Hierarchy of various technology
Semiconductor process
v
y . v
Silicon GaAs
A EN_H ?ﬁ@@.ﬂﬂ&m@ﬁ density : A high integration density means a large Bipolar Unipolar Bipolar Unipolar
! number of components in a small area. ECL I |
| B. . Different scales of integration : . NMOS  PMOS

Depending upon the number of active devices per chip, there are e Q,MOm
diffcent levelsofintegration: 1. TheIC wasinvented in February 1959 by Jack Kilby of Texas ubma.ﬁumn.;.

, i SSI: The planar version of the IC was developed by Robert Noyce at Fairchild

"_ When the active devices per chip are less than 100, then it is referred in July 1959. Since then the evolution of this technology has been
as small scale integration (SSI). Most of the SSI chips use integrated extremely fast paced. .. .
resistors, diodes and bipolar transistors. 2. One way to gauge the process of the field is to look at the complexity of

ii. MSI: IC’s as a function of time.
i i i t as a function of time, we get
M\-&ms. n.Wm count of active .moSomm per chip is between 100 and 1000, 3. émd.im v._on :.Um &. nr.m comp ommwce .W:bvmmmb an exponential growthin
gmb it is referred as medium scale integration (MSI). In most of the a straight line, indicating that there NM
SIchips, BJTs and enhancement, mode MOSFETs are integrated. the complexity of chips over three decades.
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Design
vLSI at count has roughly MM%EM& m_wwm“% .Hmwwbobarm. e
e This regular doUDANEIS XNown as Mogyg
4 The aoamow Gordon Moore- v
poted early by |

law. factor that has enabled this increase of complexity i i

> AMMMu Mwﬂrauw or scale devices. .
aus can pack @ large" number of components with Breatey
6. Clearly, one an IC if they are smaller; also being advantageous o

8.

10.

11.

12.

13.

. ity on
M:wmmgwwwwmws 1C’s which consume less power.
e

Fig. 1.7.1 shows the level of integration versus time for memory chipg
g. 1.7. i

10B 1
1B
100M
NumbeT - 1oM
transistors M
per chip

I
I
1
|
1
|
I
I
I
1
!

[
>

1975 1980 19851990 1995 2000 2010 2011
Year

Fig. 1.7.1.

It can be observed that in terms of transistor count, logic chips contaip
significantly fewer transistors in any given years mainly due to large
consumption of chip area for complex interconnects.

Memory circuits are highly regular and thus more cells can be integrated
with much less area for interconnects.

The demand for digital CMOS IC’s will continue to be strong due to
salient features such as low power, reliable performance, circuit
techniques for high speed such as using dynamic circuits.

It is now projected that the minimum feature size in CMOS ICs can
decrease up to 35 nm within a decade.

Bipolar and gallium arsenide (GaAs) circuits have been used for very

high speed circuits, and this practice may continue. MMIC’s, GaAs
MESFET technology has been highly successful.

As long as the downward scaling of CMOS technology remains strong,
other technologies are likely to remain the technology of tomorrow.

Y-chart and VLSI design process : Refer Q. 1.1, Page 1-2F,

Unit-1.

-VLSI Ummmmz\ S tyles.
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channel

Gate array design

Standard-cells based design
Full custom design
Field Programmable Gate Array (FPGA) :

Fully mm_wawnmema FPGA chips containing thousands of logic gates or even
more, with programmable interconnects, are available to users for their
custom hardware programming to realize desired functionality.

This design m@_.m provides a means for fast prototyping and also for
cost-effective chip design, especially for low-volume applications.

A n.uemnm; FPGA chip consists of /O buffers, an array of configurable
logic blocks (CLBs), and programmable interconnect structures.

The programming of interconnects is implemented by programming of
RAM cells whose output terminals are connected to the gates of MOS

pass transistors. A general architecture of FPGA from XILINX is shown
in Fig. 1.8.1.

0000 OO oo

L] L]
[]
L]
[]

_—— Configurable
logic block

I I,

[0 Horizontal
-<-— routing
O ;owm:ubm_

O

O] ]| |||
0 00 00

[

00 00 00 O
LIy Oy d

Fig. 1.8.1.
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Que 1.9. _ Write a short note on gate array design. ol

; )

\ | LWl ty NG T pukel €3 (eAdigmige
Answe _areﬁfr,, AT X i
ke A sl U ol qas

1

.TH,:M. Eo.moﬁ d
. Fig. 1.8.2. It consists of four signy) ; ,
k signal terminal, user-pro Snal. iy

put
als (As B, C ﬂmanrwam. a look-up table (LUT).

gr nggm

Look-up
table

vaw »

Fig. 1.8.2.

The LUTis a digital memory that stores ﬁ.rm truth table of the booleay
function. Thus, it can generate any function of upto four variableg o,

any two functions of three variables.
The CLB is configured such that many different logic functions can pe
realized by programming its array.

Bows - ko ASTE DGR Sy

Gate array implementation requires a two-step manufacturing process,
The first phase, which is based on generic (standard) masks, resultsin
an array of uncommitted transistors on each GA chip.

These uncommitted chips can be stored for later customization, whichis
completed by defining the metal interconnects between the transistors
of the array.

Since the patterning of metallic interconnects is done at the end of the

chip fabrication, the turn-around time can be still short, a few daystoa
few weeks.

Acorner ofa gate array chip which contains bonding pads on its left and
ww“m“ﬁwmmm. mﬂmmm for /O protection, nMOS transistors and pMOS
bR s %H chip output driver circuits in the neighboring areas of

g pads, arrays of nMOS transistors and pMOS transistors,

underpass wire :
contact émumoSm.m cgments, and power and ground buses along with

5.

9.

% Explain standard-cells based desi
Answer _G&&e& Gl 4 Lse amEm TC daign ot g B\

1.

@

il

iv.

vi.

F (EC-Sem-7)

Introduction

@%&m&mﬁggmassﬁ: .
mnﬂmn.amz routing between rows w%oﬂmmﬁw\mmmﬂww M m:m@ ankubm_m, for
The availability ofthese routin, e ransistors.

even using one metal layer amwsgﬁm simplifies the interconnections,

: L ILE
The interconnection patterns that perform basic logic gates canbe stored

in a library, which can then be ugeq i i
transistors according to the netlist. % e S o

In Mmea.Mr Mﬁm AWW chip utilization wmn_noﬁ as measured by the used chip
area divided by the total chip area, is higher than that of the FPGA and

so is the chip speed, since more customi y ] )
metal mask designs. omized design can be achieved with

A.?.w current gate array chips can implement as many as of thousands &.
logic gates.

3 Ger- (sl ASTC DAig)

vmyu.o‘h Spat A \gﬁmv& On pre ~ vl Jogie €

The mﬁmbmmnm-nmtm based design is one of the most prevalent full custom
design styles which require development of a full custom mask set.

The standard cell is also called the polycell.
In this design style, all of the commonly used logic cells are developed,
characterized, and stored in a standard cell library.

A typical library may contain a few hundred cells including inverters,
NAND gates, NOR gates, complex AOI, OAI gates, D-latches, and
flip-flops. & -
The characterization of each cell is done for several different categories.
It consists of :

Delay time versus load capacitance

Circuit simulation model

Timing simulation model

Fault simulation model

Cell data for place-and-route |
Mask data.

To enable automated placement of the cells and routing of inter-cell
connections, each cell layout is designed with a fixed height, so that a
number of cells can be abutted side-by-side to form rows.

The power and ground rails typically run parallel to the upper and lower
boundaries of the cell, thus, neighboring cells share a common power
and ground bus.

The input and output pins are located on the upper and lower boundaries
of the cell.



vLSI Design

M—\-Mm..\u.m.\_ Dis

1

cusSs full custom design in brief.

the entire mask design is done anew v,

the development cost of such a g Esﬁ

In a full custom® design,

i However,
of any library. However
Mm_wmooBEm @8?99@@ high. .
Thus, the concept of design reuse is becoming popular in ordey
%mmm.b cycle time and development cost.
; design can be the design of
most rigorous full oz.maoB esig e
mem static or dynamic. Since the same layout mwmwmb is T mw:nmnmmﬁm Mmz.
would not be any alternative to high density memory chip m,mmmma ¢
For logic chip design, a momzw compromise can be m.oEm< ed by cmFmP
combination of different design styles on the same chip, such ag mn.&am a
cells, data-path cells and PLAs. ard
In real full-custom layout in SEn.W ﬁgm geometry, orien tation
every transistor is done G&Smsm:% by the Qmmwm.zmﬁ Qmmmum
is usually very low - typically 10 to 20 transistors per mmuw

to H.mm:om

placement of
productivity
per designer.

[ PART-6 |

Packaging.

Questions-Answers

 Long Answer Type and Medium Answer Type Questions

@Ja;w...uu. Define the following method :

PTH packages
SMT packages
OR

What are the types of common IC packages ? Explain.

ME packages : The package pins can be introduced in holes drilled in

e PCB which is called pin-through-hole (PTH) method.

wﬁ%wowwmam : The package pins can be directly soldered on the PCB
1s called surface-mounted technology (SMT) method.

® W

Ll —

Introduction

gome common IC Package o

pual in-line packages (DIP), are ;
in line packages (DIp ¢

pualin : )are charactep: .

inductances, N&:or can lead to mﬁ&mﬂu ey their high interconnect

frequency apP ications. ant noise problems in high-

The maximum pin count of DIp is typically limiran
1

pIPhas the advantage of low cogt but theiy M . Eﬁm.g to 64.

especially for small, portable proguey, o ors canbe prohibitive,

pin m.p..mnm array (PGA) Packages ;

rhis PTH package type offers a highey p; )

conductivity compared to DIPs mmvmwow‘_wE count and higher thermal

sink is attached on the E&Smm. &%y when a passive or active heat

The PGA packages require a large PCB .

higher than DIP, especially for ceramic wNMM e pockaesicustls

Chip carrier packages (CCP) ;

This SMT package type is available in two variat; :

carrier and the leaded chip carrior, 0 variations, the leadless chip

The leadless chip carrier is designed to be mounted dir

and it can support a high pin count,. e ectly on the PCB,

The leaded chip omﬁ%ma package solves this problem since the added

leads can accommodate small dimension variati

difference in the thermal coefficients. stions caused:by, 43

Quad flat packs (QFP) :

This SMT package type is similar to leaded chip carrier packages, except

that the leads extend outward rather than being bent under the package

body.

Ceramic and plastic QFPs with very high pin counts are becoming popular

package types in recent years.

Multi-chip modules (MCM) :

This IC package option can be used for special applications requiring

very high performance, where multiple chips are assembled on a common

substrate contained in a single package.

Thus, a large number of critical interconnections between the chips can

be made within the package.

PART-7

CMOS Logic.
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\\\m\\._\dnms. and explaint the working of CMOS mbﬁw#ma
Que LIS . , ‘ Wiy
Lo AKTU 2018.19; _
: h@&-nm. : vk g
n {ransfer char acter : m_n.ra,g
 CMOS inverter : : ;
MOS inverter. In the CMOS inverter, the

55

1. Fig. 1.13.1shows the C
. 3 \
an EE

and NMOS devices @p
Vi

and @y are driven simultaneously by

VoD

Qp
Vin
Qn

Fig. 1.18.1 CMOS inverter circuit.

<o=n

. Circuit am.mn.w&ou,u H .
1 Wheninputishigh (= Vpp) @y is made to conduct, while @, is force, il

cut-off. This causes the output becomes low (V, = 0) as showp;,
Fig. 1.13.2. .
H<Uu
OFF
<. = H < =

OZ\~nv

M Fig. 1.13.2.

2. Wheninputislow (~0V) @yis OFF and @p becomes ON, therefore th
output becomes logic high (V, = V) as shown in Fig. 1.13.3.

Vop
i
; ON
W ,~ Vin=0 V,=41
E&il OFF
i i3

Fig. 1.13.3.

n||

ch.moB.S

H.\H.a d‘
Introduction

.13.1 shows th :
rable 1.13 € Operation of ¢
OMS invert 5
Table 113.1; erter circuit.

3.

[uny

Voltage transfer characteristics :

As shown in Fig 1.13.4, the more positive output voltage corresponds to

1. i e
alogic 1is Vo =Vpp,, and the more i
o a logic 0is Vo, =0, negative output voltage corresponds
When output is in the logic 0 stat : -
2. seibes ) state, the PMOS transisto t-off and
when the output is in the logic 1 state, the NMOS ﬁwummmmwm ”Hm oﬂn-wm..
V, g
°4 NMOS cut-off}
<Om = <UU
Vrp = Threshold voltage
{ for PMOS transistor
VoL = oo .
Vi Vop Vin
(Vpp = Vop)
Fig. 1.13.4.

Que 1.14. _ Sketch a 2-input CMOS NAND gate and also discuss its

working.

Answer _

1. Fig. 1.14.1(a) shows a 2-input CMOS NAND gate. It consists of two
series nMOS transistors between ¥ and GND and two parallel pMOS
transistors between Y and V.

2. Ifeither input A or Bis ‘0, at least one of the nMOS transistors will be

OFF, breaking the path from Y to GND. But at least one of the pMOS

transistors will be ON, creating a path from Y to Vpp- Hence, the output

Y will be ‘1.

If both inputs are ‘I’, both of the aMOS transistors will be ON and both

of the pMOS transistors will be OFF. Hence, the output will be ‘0’.

bol is shown in Fig. 1.14.1(b).

w

4. The truth table is given below and the sym
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Yi= A B
A A A
B Y
B 2 =
@ ‘Figl 114.1. ®)
NAND gate truth table
— [ pull-down network | pull-up network H
OFF ON >
0 1 OFF ON H/
1 0 ) ON H/
= o i )
1 1 ON OFF lLt
Quei.157| Write a short note on combinational logic.
\riswer.

4 twﬂmww,\mlmn and NAND gates are examples of complementary CMOg

. logic gates, also called static CMOS gates.

2. Ingeneral,afully complement
network to connect the output to

are arranged s

pattern.
3. The NAND gate used a series pull-down network and a parallel pull-up
network.
T
pMOS pull-up network p
Inputs
Output

pMOS pull-down bmﬁéolmp

v

{Fig. 1.15.1. General logic gate using pull-up and pull-down network.

ary CMOS gate has an nMOS pull-dowy
‘0’ (GND) and pMOS pull-up network
to connect the output to 1’ (V,p) as shown in Fig. 1.15.1. The networks
uch that one is ON and the other OFF for any input

1-1 3
Introduction

t :
transistor pairs.

By using combinations of thes

e A
gates cant be constructed, ¢onstructions, CMOS combinational

a

LA
g1 e 0 & . ;
g2—] M»
b ° ? 1 0 1
b g ¢ 7
OFF : OFF OFF ON
a)
a a " . ©
g1 0 0 1 mx 1 .f
g2
0 1 . 0 1
ON OFF OFF OFF
(b)
a a s . .
mul__HUTmm cﬂwxo owu Hmﬂo om 1
b e
b b b b
OFF ON ON ON
(e)
a . a a "

b T T T
ON ON ON OFF

A&v = s RGN

and parallel transistors.

Fig. 1.15.2. Connection and behaviour of series

The possible levels at the output are shown in Table 1.15.1. The ‘1’ and
the inverter and NAND gates,

‘0’ levels have been encountered with §
where either the pull-up or pull-down is OFF and the other structure 1s

ON.

B ———— Tt e e 1 LTI
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ull-down are OFF, the high-im mmﬁ.q_ F Q‘.\.O.muuu.s
" Whenboth pul P and P, s is of importance in frimpedance or oo 122
" Zoutput state results: plexers, mo % y= A+B+ C)(D +E)F Introduction
elements and bus drivers- iy Doy 3.
g. The crowbarred X level Wﬁmnm when both pull-up and p ull-doy, Vo,
" simultaneously turned O | andal Nay
; i tatic
ig causes an E&wnonh:bmnm ~m.<w anaia 808 power to be djge: A
9. .HHMWmsmﬁmE an unwanted condition in any CMOS digital nmwommaumg L wu_
X b—F
Table 1.15.1. Output states of CMOS logic gate c—
wﬁ—,—..ﬁm.u,OH.m.u : i .m..EH.ﬁU ON
Z 1 ) oY
0 nHOchmH.HmQ OO leI,_ ﬂ* TO
Que 1.16. | Implement the CMOS logic for the following B, ) D
U0 s k
expression. eay ' E
i Y=A+B+ C)-D
ii. <n$+w+98+5% F—
ii. 3inputNOR gate [AKTU 2017-18, Marks E.n 1.16.2
Answer . ;ii. 3input NOR gate: .
i y=(A+B+C):D
Vop Vb
A lla_
A
B~ i) B—o
Cc— c Ia_
oY Y
A BHC e
A cC .
Fig. 1.16.8.
D
L Que 1.17. _ Implement the Boolean expression
Fig. 1.16.1. Y=AB+(C+D) (E+F)+(G+H.
[ARTU 2020-21, Marks 07 |

Answer _

Given, Y=AB+(C+D)(E+F) +(G+H)
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Fig. 1.17.1.
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PART-g R

L Propagation Delay Definit; ub

Que 1.18- _ Explain propagation delay time.

‘Answer -

1.

Hﬁm @mﬁcwmmﬂob .mm_m% anaEF and 1, ;; determine the input-to-output
signal delay during the high-to-low and low-to-high transitions of the
output, respectively.

By definition, tpyy is the time delay between the V;, ,,-transition of the
rising input voltage and the V , -transition of the falling output voltage.
Similarly > Ty 1S defined as the time delay between the Vi, ,-transition
of Hﬁnrm falling input voltage and the V,-transition of the rising output
voltage. -

[ParRT-9 ]

'Sheet Resistance.

Que 1.19. _ Write a short note on sheet resistance.

Answer _
ial of resistivity p, of width

1.

o

Consider a uniform slab of conducting mater
W, thickness ¢, and length between faces [. The arrangement is shown
in Fig. 1.19.1. )

Consider the resistance R, 5 between two opposite faces.

pl

N,w.bwﬂ A




e Eo.mms.s
sign
s A= Cross-section area
where, |n\~. 5 8 n
g, Thus mwbb = W 5 §

Resistivity =
p

Fig: 1.19.1. Sheet resistance model.

| = Wi.e., asquare of resistive material, then

It
p
R,z= =
o g
where R, = Ohm per square of sheet resistance
Thus R = W ohm per square

R_is completely independent of the area of the square.
s

ORTANT QUESTIONS
..... tions are very important. These questi
sked in your SESSIONALS as well as.

Q.1. Draw and explain the VLSI design flow (Y-chart).
ATnis: Refer Q. 1.1.

Q.2. Write a short note on design hierarchy, regularity,
modularity and locality.
Ans; Refer Q. 1.4.

Q.3. What do you mean by high integration density? Also explain
the different scales of integration ?
Aiig; Refer Q. 1.6.

Q.4. What are the VLSI design styles ? i
yles ? Expl .
AnE: Refer Q. 1.8. o e

Introduction

ATE: Refer Q. 1.12.

Implement the C i
expression, MOS logic for the following Boolean

i. Y= (A+B+0C)D.
ii. Y=A+B+C)D+E)-F
jii. 3 input NOR gate
ATE Refer Q. 1.16.

Q. 7. Implement the Boolean expression

Y =AB+ (C+D) Aﬂ+3+aﬁ«+s.
ATIE: Refer Q. 1.17.

©e®
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Interconnect Parameters

The ummﬂmembcm of a uniform slap of conducting material can be expressed

AL
) T tw ..(2.1.1)
where p is the resistivity. This expression can be rewritten as '
& [
R= R~ (2.1.2)

where, R, HW is the sheet resistance and has units of Q/square.
To obtain the resistance of a conductor on a layer, multiply the sheet
resistance by the ratio of length to width of the conductor.

The resistivity of thin metal films used in wires tends to be higher
because of scattering off the surfaces and grain boundaries.

As shown in Fig. 2.1.1, copper must be surrounded by a
lower-conductivity diffusion barrier that effectively reduces the wire
cross-sectional area and hence raises the resistance. Moreover, the
polishing step can cause dishing that thins the metal.

If the average barrier thickness is ¢, ... and the height is reduced by

t4sh the resistance becomes,

..(2.1.3)

R= p l
(- Ldish — ncm—imnv (w- anmam_.v
The resistivity of polysilicon, diffusion, and wells is significantly
influenced by the doping levels.
Polysilicon and diffusion typic
10 Q/square when silicided and u

unsilicided. .
Wells have lower doping and thus even Emrm.w sheet Hm.mu.mambom. Large
resistors are often made from wells or unsilicided polysilicon.

ally have sheet resistances under
p to several hundred Q/square when
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Copper barrier layer and dishing.
9. Contacts and vias also have a resistance, which is dependent on thg
. contacted material and size of the contact.
10. Multiple contacts should be used to form low-resistance connections, 54
shown in Fig. 2.1.2.

11. When current nE”bm
is generally require
in the same direction.

Fig. 2.1.1.

at a right angle or reverse, a square array of contactg
d, while fewer contacts can be used when the flow ig

)

Fig. 2.1.2. Multiple bias for low-resistance ncwamomoum.

Que 2.2, _ How to model the capacitance of wires ?

OR
Mention the advantages of interconnect modeling. Describe the
interconnect modeling to calculate R and C.

[AKTU 2020-21, Marks 07 |

OR
What are interconnecting models ? Explain any two of them in brief.

[AKTU 2017-18, Marks 10 |
Answer _

A. Interconnect models : The wires linking the transistors together are
called interconnect. Interconnect models are :

i.  Resistor
ii. Capacitor
ili. Inductor.

t F AHOImGEKNV

B-

Fig. 2.2.2. Yuan and trick capacitance model in

Interconnect Parameters

Advantages of mnﬁogog

can be used efficient]y msmwn Ewm.
interconnect-driven design p] g
Ewntmbw to ensure g
designs.

Capacitance mode] ;

wire capacit, .
mem&nmbnm vom w Mbn% has two major components: the parallel plate
cap € bottom of the wire to ground and the fringing

capacitance arising fr i
<<mww finite thi &Smm@ om fringing fields along the edge of a conductor

deling : The interconnect modeling
ligh-level design space exploration,
mmmmbmHEEm« and synthesis- and timing-driven

convergence for deep sub-micrometer

HHHMNWWMNM%&E adjacent to a second wire on the same layer can
ex 1t capacitance to that neighbour. These effects are illustrated in
Fig. 2.2.1.

The parallel plate capacitance formula is

mﬁk
G stil L.(22.1)

I "@ ﬂ
|_| h
S
Fig. 2.2.1. Effect of fringing fields on capacitance.
The fringing capacitance is more complicated to compute. One intuitively
appealing approximation treats a lone conductor above a ground plane
as a rectangular middle section with two hemispherical end caps, as

shown in Fig. 2.2.2.

Half Cylinders

Parallel Plate h
7777777777

cluding fringing fields.

T N T R — -
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.o is assumed to be the sum ofa .wmﬂE& plate capacitoy
5. The total cap m\waMMm N owmb&.mo& capacitor of radius /2.
ofidth 1 |.n ;on for the capacitance that is accurate within
6. Thisresultsinan expresst Y
10 % for aspect ratios less than 2and?=n.
t
W e O . (2.2.2)
C=ehi=qt 2h NAM} wu
=
In|1+ : : \ 2
7. An empirical formula that is computationally efficient and relatively
accurate is
0.25 ¢ 0.5 A
3 & L ..(2.2.3)
= ek =] +1.06
C=¢,l a+o.3+u.omhmw ﬁww
which is good to 6 % for aspect ratio less than w.w”
8. A cross-section of the model used for capacitance upper bound
calculations is shown in Fig. 2.2.3.
s W
Layern+1
hy
t Layer n
h,
Layern—1
Fig. 2.2.3. Multi layer capacitance model.
9. The total capacitance of the conductor of interest is the sum of its

capacitance to the layer above, the layer below, and the two adjacent

conductors.

Qoosw_ = anv e Qvoon i MQ&&

= mQNT?; L. m+ Bl (2.2.4)

D. Resistance model : Refer Q. 2.1, Page 2-2F, Unit-2.
Que 2.3. _ How to model the inductance of wires ?

chnnmbow isdifficult to extract and model, so engineers prefer to design
in such a way that inductive effects are negligible. Nevertheless,
inductance needs to be considered in high-speed designs for wide wires
such as clocks and power busses.

|
|, 67 EC-SemD

Interconnect Parameters

Current flowing around a loop geneyyy

to the area of the loop and the - €3 a magnetic field proportional -

o e ik : t of current.
Changing the c Dt requires supplying energy to e i

: : change the magneti
field. A._EM MBMWMMMWMMH"MWMEW current induces a voltage wnouowmom_mm
to the ra - 1he constant of proportionality is called the
jnductance.

v=r4 ,
b : (23.1)

Inductance mﬁm capacitance wmmo set the speed of light in a medium. -
Even if mﬂmm MMMMQWMW of a wsum is zero leading to zero RC delay, the
speed of lig gat-time along a wire of length with i

P itance per unit length of L and Cis i e

capact
ta = WLC .(2.3.2)

If the current return paths are the same as the conducts on which
electric field lines terminate, the signal velocity vis
U= Il.%l = ,. 1 -_¢
N.\Q 4 mnute V “w.m

where, 1, is the n._mmuman permeability of free space (4n x 10-"H/m) and
¢ is the speed of light in free space (3 x 108 m/s).
Changing menpm_.wo mmEm. in turn produce currents in other loops. Hence,
signals on one wire can inductively couple onto another, this is called
inductive crosstalk.
The inductance of a conductor of length / and width w located a height
h above a ground plane is approximately -

8h w u

L= Nggﬁllvl
2n w 4h

assuming w < h and thickness is negligible.

Inductance‘depends on the entire loop and therefore cannot be simply
decomposed into sections as with capacitance. It is therefore impractical
to extract the inductance from a chip layout.

.(23.3)

..(2.3.4)

_u>.m._.-N,

Skin Effect and Its Influence.

Que 2.4, _ Write a short note on skin effect.
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1. Current flows alo

2.

el

=

S PART-3

2-TF (EC-gq,, ;
ng the path of lowest impedance Z = +j :
edance becomes dominated by mdmcongm\w.vh. it higy

frequency, @, imp "
The inductance is minimized if the current flows only near the gype -
of the conductor closer to the return path. aa.ma.

This skin effect can reduce gm effective cross-sectional area of {,:.
conductors and raise the effective resistance at high frequency En.

The skin depth for a conductor is

2 \mm |
~ Vop ...AM.A.H

where, p is the magnetic permeability of the dielectric,

The frequency of importance is the highest frequency with signify |
power in the Fourier transform of the signal. This is not the chip obmw%%u
frequency, but rather is associated with the faster edges.

A sine wave with the same 20-80 % rise/fall time as the signal hg,
period of 8.65¢ Therefore, the frequency associated with the edge nm !
be approximated as 2

_ 2 !
o.u = mmmwl. ..AMAMW

where, tr is the average 20-80 % rise/fall time.

Lumped RC Model. i

What do you mean by lumped RC model ? Also explain

RC network.
OR
Explain the Elmore delay model with suitable RC networks. Mention

[ AKTU 2020-21, Marks 07]

its merits.

CR
Explain the Elmore delay model with suitable diagram.

| AKTU 2018-19, Marks 10|

N\m F Amwanmoauﬂv

Interconnect Parameters

‘Answer

e v Q 3

g ﬁﬁBoﬁ%m mwm Mmpommoww Afirst approach lumps the total wire resistance
of each Wir gment into ope single R and similarly combines the

acitance into a single i e i
HGMMH e Yt gle capacitor C. This simple model, called the

p. Register capacitor network (Elmore delay model) :
Consider the resistor-capacitor network of Fig. 2.5.1.

9. The result of this circuit topology is that there exists a unique resistive
path Ume.ﬁmmb the moE.om.w node s and any node i of the network. The
total resistance along this path is called the pathresistance R...

4 u
For example, the path resistance between the source node s and node
4is,

=

Ry=R,+R,+R,
The shared path resistance R,,, which represents the resistance shared
among the paths from the root node s to nodes % and i

R, =R;(R; [path(s i)... path(s %)])

Fig. 2.5.1. Tree structure RC nefwork.

5. Assume now that each of the N nodes of the network is mbwﬁ“.wz%
discharged to GND, and that a step input is applied at node s at time
t=0. ‘

6. The Elmore delay at node i is then given by the following expression :

N
Ty = »MpOmmw%

C. Merits of Elmore delay model :
i.  Simple closed-form expression.
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ii Useful for interconnect optimization.
i Upper bound of 50 % delay.

jv. High fidelity.

interconnects.

Answer
1. When the physical dimension, in particular, the length, of a wire nrmbbm_
is much smaller as compared with the wavelength of the signal passip,
through the channel, the channel can be treated as a lumped mFBmum
with its characteristics depicted by a low-pass RC network, as shown in
Fig. 2.6.1, with

C=C,(wl) +2C,l
where C, is the area capacitance per unit area and
C,is the fringe capacitance per unit length of the wire channel.

2. A morerigorous criterion on whether lumped models should be used to
characterize the behavior of channels is determined by comparing the
round-trip time that the signal travels along the channels, denoted by 2;
where tis the time for the signal to travel from one end of the channel
to the other, and the rise time of the signal t.

3. If2r<t, lumped models should be used. Otherwise, distributed models
should be used.

_Hv Eoﬁoco

Fig. 2.6.1. Lumped RC model of wire channels.

PART-4

... . TheDistributed RC Model.

R T &:omﬁcuu.goum

i rv.nn.?i.&mw .—.&52& ggg@ﬁ Type Questions

g

)

'Que 2.6. | Draw and explain the working of Lumped RC-modg) fo
PN ATITEREE r

[ AKTU 2018-19, E ,

g-10F (EC-Sem-7)

%m.\ﬂ\l_ Explain distributed RC model.

. Awire is a distributed circuit with a resistance and capacitance per unit
length.
g Its behavior can be approximated with a number of lumped elements.

3, Three standard approximations are the L-model, n-model, and 7-model
so named because of their shapes. d

4 Fig .w.q.H shows how a distributed RC circuit is equivalent to N
&mﬂ.:.uﬁmm RC segments of proportionally smaller resistance and
capacitance, and how these segments can be modeled with lumped

Interconnect Parameters

elements.
|\.>\/HM<<.I|_H R R/2 R/2
L-model n-model T-model

Fig. 2.7.1. Lumped approximation to distributed RC circuit.

5. As the number of segments approaches infinity, the lumped
approximation will converge with true distributed circuit.

6. The L-modelis a poor choice because a large number of segments are
required for accurate results.

7. The n-model is much better, three segments are sufficient to give
results accurate to 3 %.

8. The T-model is comparable to the n-model, but produces a circuit with
one more node that is slower to solve by hand or with a circuit simulator.

9. Therefore, it is common practice to model long wires with a 3-5 segment
n-model for simulation.

PART-5

Transient Response.

Questions-Answers Rrdd ’

Long Answer Type and Medium Answer Type D-:wwnmoﬁ.L
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[ — e
! .n«.wé =i y
| Que 2.8 _ Compute the step response (or transient response) of Vs " S i VsV -V,
h orte —k = A282)
an m-ue r. f ( ot - - v ,
d p Voo -V, .wn V, © V,< v, -V,
i , t th
» : n, 1 ~ N
. Fig 2.8.1(a) shows an inverter X, driving another inverter X,atthe o Dunng E.:w..ﬁ :x. & :.,ﬂ”.:.,?:_ ia constant and V,, drops lincarly until
end of a wire it reaches Yy , Thereafter, the differentinl equation becomes
. pon-linear. The response can be computed numerically.

2. Buppose s voltage step from 0to Vi applied to node A and to compute

$ 4 / 4 4 "
the propagation delay, ¢, through X,. ie. the delay from the input 40, Anpuring V. oIV, | <V, the ramp response includes three phases,

step until node B qneyrj,\x\e_\\ o2 an ahownin ."s...*_... 2H.1. Thua, we can write the differential equations
B 4 > mnnse
v - p - Py for ' 4 in each | iy
3. These capacitances are shown in Fig 2.8 1b) Fig. 2.8 1(c) showa the _.__..:_“, B Vo=V,

equivalent circuit disgram in which all the capacitances are lamped p !
dv, e - ~»h..

into nsingle C,_ Phase 2 - - 283}
. ' in OFF, P, is ON, and dt Coe
4. Before the voltage step is applied, A = 0. N, is OFF, 0 N. an
B=V av, 1
o . Phase 3¢ s -2
6. After the step, A = 1. N, turns ON and P, turns OFF and B drops dt Cy
toward (0 Table 2.8.1. Phases of inverter ramp response ©

ont

6. The rate of change of the voltage V, at pode B depends on the output Phase |V, Nie=1P; ye
capacitance and on the current thro ugh NV, SR . ; - .
dv, 1 0< V<V, | OFF | ON |V,
C,. Py w w:.:_ (2.8.1) _ 2 «\_,.. < a\«. < e\te _ :‘ﬁw | ON ON Intermediate
7. Suppose the tranistors obey Lhe Jlong-channel models. The current [ 3 Voo - :‘G_A V, <V, ON OFF Falling toward 0

denends on whether NV, ixin the Lnesr or saturation region The ga L—
7 " gale

is at V), the source as st O, and the Crain is a1 Vy Thus, V= V), and
vV, =V, Initaally, vV, eV, ,..Y ~ V), so NV, is in saturation _ PART-6 W :
X1 X9 X1z, RC Delay Model.
y o pal uu‘uA. .
13 @., - mg.ﬂuu; I e —— )
PR T —
N1 .* N2 ..L_..f wn@‘. P ‘sm c... = HA - gﬁcﬂ’ga‘ i
&= ( ;
Y Y Long Answer Type and Medium Answer Type Questions

Que 2.9, _ Discuss hriefly about effective resistance. Also explain

A
g * Can 0 Gy 0 €, gate and diffusion capacitance of RC delay model.
OR
() Explain RC delay model for interconnects.
Flg. 2.1, Capacitances for inverter delay calulstions [AKTU 2020-21, Marks 07|

» ’ t _
R As fb &I:’ belo D .).‘ enters the | y -
: : luf h w. : .. \ .,\ | ALear region The Aifferenti

[
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Explain the concept of RC delay model. |AKTU 2019-20, Marks w.m_

2-13F (EC-Sem.7)

2-14F (EC-Sem-7)

"Answer.

Interconnect Parameters

Fig. 2.10.1 shows equivalent RC cire

H ; : ¢ uit models for nMOS and pMOS
bt & R i oo TV and G 8 E.E.Hmumeoum of SEE k with contacted diffusion on both source and
RC delay models approximate the non-linear transistor I- -V drain.
isti i i itance over the . ;
armamn.nmdmsom Sﬁﬂ%ﬁ wMB.mmo resistance and capaci W 9. The pMOS wwmumnmﬁow has approximately twice the resistance of the
switching range of the gate. nMOS transistor because holes have lower mobility than electrons.
fes JEiEctveRgalSLng o ) : | 3. 'The pMOS capacitors are shown with Vpp as their second terminal
1. The RC delay model treats a transistor as a switch in series with g " pecause the n-wellis usually tied high. Fig. 2.10.2 shows the equivalent
resistor. The effective resistance is the ratio of V,, to I, m<m~.wmma_ circuit for a fanout-of-1 inverter with negligible wire capacitance.
e e s . . 4. The unit inverters of Fig. 2.10.2(a) are composed from an nMOS
| 2. Aunit nMOS transistor is defined to have effective resistance R. " ransistor of unit size and a pMOS transistor of twice unit width to,
A 8. AnnMOS transistor of K times unit width has resistance R/K because achieve equal rise and fall resistance.
it delivers K times as much current. . 9.10.2(b) gi ival et : :
. 2.10. gives an equivalent circuit, showing the first inverter
| 4.  Aunit pMOS transistor has greater resistance, generally in the range 5. Mw.nm ving the second inverter’s gate.
of 2R-3R, because of its lower mobility. . . 6. If the input A rises, the nMOS transistor will be ON and the pMOS
m 5. According to the long-channel model, nﬁnmufﬁmnﬂwﬂmﬁmawrbmmng Wi " OFF. Fig. 2.10.2(c) illustrates this case with the switches removed.
. i i oL.
,, shammpllenggiand vanm TERL AR u.m Eov.o Hou. : 7. The capacitors shorted between two constant supplies are also removed
| 6. Moreover, the resistance of two transistors in series is the sum of the : because they are not charged or discharged. The total capacitance on
w resistances of each transistor. the output Y'is 6C.
_ 7. However, if a transistor is fully velocity-saturated, current and d
—J resistance become independent of channel length. c
i 8. The resistance of transistors in series is somewhat lower than the sum _ HWH
of the resistances, because series transistors have smaller V;_and are d
less velocity-saturated. i I._ mw
9. The effect is more pronounced for nMOS transistors than pMOS : g Hﬂo
because of the higher mobility and greater degree of velocity saturation. = Huw.u ==kC
B. Gate and diffusion capacitance : L &
1. Eachtransistor has gate and diffusion capacitance. g =
2. Atransistor of k£ times unit width has capacitance £C. —_
3. Diffusion capacitance depends on the size of the source/drain region. :

Wider transistors have proportionally greater diffusion capacitance.

Increasing channel length increases gate capacitance proportionally
but does not affect diffusion capacitance.

w&:m 2.10. | Draw and explajn equivalent RC circuit models for

nMOS and pMOS transistors. Also draw the equivalent circuit for
an inverter.

Fig. 2.10.1. Equivalent circuits of transistors.’
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Interconnect Parameters

1
Non-switching
Capacitances:

{ 8r
irrelevant 0
! 0.6 -
H Hmo R.\\ 0.5
i 2 vl . Voo 04|
[ A <> -

T
Y
1 1 m 1_y w% nl_HmO 0.2
= = L T b
= 5 R3|= UWH @ 0 1 1 1 ! 1 — ¢
X @ 0 tln2 1 ~ 2 3t 47
» Fig. 2.11.2.
Output 4. Here we define a new effective resistance R’ = RIn2. Now the
capacitances propagation delay is simply R-C. For the sake of convenience,
t,q = RC ..(2.11.4)
) where, the effective resistance R is chosen to give the correct delay.

Fig. 2,10.2. Equivalent circuit for an inverter 6. Fig. 2.11.3 shows a second-order system. R, and R, might model the

two series nMOS transistors in a NAND gate or an inverter driving a
@:aw.mu. _ mmnmgwam wuu Acﬂmﬁawummwoumov».cumn.mn.on.mo-.mbm Hodmﬁr.mé#vuou-umm:mu.v_mamwwmnwbom.

second-order RC system. 6. The transfer function is

‘Answer _ H(s) = L .(2.11.5)

: 1+s[R,C, +(R, +R,)C,]+s*R,C,R,C,
L Consider applying the RC model to estimate the step response of the

first-order system shown in Fig. 2.11.1. B o, B2y ¢
oul
: Vout
<UU R C <Ud O_. Om
Fig. 2.11.1. Fig. 2.11.3.
M&mm system is a good model of an inverter sized for equal rise and fall 7." The function has two real poles and the step response is
elays.
: 2. The system has a transfer function V.. &=V ,:m.:_.am@:; ..(2.11.6)
,_ ou T
H(S) = 1 ( 1702 .
wAZHIALT) ( R'C
1+sRC : C, +(B, +R,)C e 2117

| and a step response with T2= RG 9 = _ﬁw 1+ w.ﬁ.i ...A :

" Vou® = V,,

. %mwm‘ e = R ..(2.11.2) R = WNWO. HMN

: € propagation d i 0 . 1 . ot
A,v e e m,mmm. m.wu. M.Hm% is the time at which V,.: Teaches Vor/2, as 8. Eq.(2.11.7)isso oou“v:omnmm that it defeats the purpose of mﬂﬁvr&:bm
w ts=RCIn2 a CMOS circuit into an equivalent RC network. m.oémﬁw_ it can be
”_ ’ . -(2.11.3) further approximated as a first-order system with a single time
| constant :

”
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7

= o5, =R 0+ R +R)C, 14

. 1
This mmuaonammou works best when one time constant is signj 8

i the other. For example, if B, = Ry =R and C, = C
w_mnmwmwmwﬂ t.=0.4RC,t=3RCand »vm m..wooum-oamn response muz%m:
muan-oamu mmﬁoﬁgmaou are shown in Fig. 2.11.4. A]

10. The error in estimated propagation delay from the mwmn-o&ma

approximation is less than 7 %.

1
Second-order
0.8 Response
A 0.6 |-
oul
05fF====-
V;
D o4l
02l First-order
’ I Approximation
]
0 ! ¢
0 T 2t 3t 47

(Fig. 2.11.4.

| PART-7

 Linear Delay Model.

s-Answers

d gm&—:u .b,..«,,.w%an Type Questions

|
|

Explain the delay estimatio
techniques,

@:m.h.ﬁm. Explain linear delay model.

OR
n with different optimization

[AKTU 2018:19, Marks 10]

ficanyy,, |

Interconnect Parameters

Tewer |

3.

Delay estimation with different optimization techniques are :
Elmore delay : Refer Q. 2.5, Page 2-7F, Unit-2.
Linear delay :
The RC delay model showed that delay is a linear function of the
fanout of a mm.&o. Based on this observation, designers further simplify
delay analysis by characterizing a gate by the slope and y-intercept of
this function.
In general, the normalized delay of a gate can be expressed in units of
tas

d=f+p 42127
where p is the parasitic delay inherent to the gate when no load is
attached and fis the effort delay or stage effort that depends on the
complexity and fanout of the gate :

f=gh ..(2.12.2)

The complexity is represented by the logical effort, g. An inverter is
defined to have a logical effort of 1. More complex gates have greater
logical efforts, indicating that they take longer to drive a given fanout.

o 3-input / =53
7 NAND /o P=3
d=(5/3)h +3

o 6
> Inverter q
[}
o 54
(=)
3 1
.W~. @ T N =
S / p= 1
3 d=h+1
A

2 4 Effort Delay: f

1

"wmnwﬂnn Delay: p
0 T T T T T
0 1 2 3 4 5
Electrical Effort :
h=C,./C.

Fig. 2.12.1. Normalized delay vs fanout.

et A A T R YR
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pies of itself is said to have a fanoyy s
d does not contain identical copies omﬁrM

ving b identical co

ffort of . If the loa
an be computed as

4 Agatedri
electrical e
gate, the electrical effort

h= .mo._oﬂ,._.w ...Am.Hm.wv
where, C,, is the capacitance of the external load being driven and ¢
is the input capacitance of the gate. in
Fig. 2.12.1 plots normalized delay v/s electrical for an idealized inverte,
and 3-input NAND gate.

The y-intercepts indicate the parasitic delay, i.e., the delay when the
gate drives no load.

7.© The slope of the lines is the logical effort.

8. The m\E\mlmn has a slope of 1 by definition. The NAND has a slope of

5/3.
Que 2.13. | Analyze the linear delay model with its different

limitations. [ AKTU 2018-19, Marks 10]

A. Linear delay model : Refer Q. 2.12, Page 2-17F, Unit-2.

B. Limitations :

a. Input and output slope :

il Hw.m largest source of error in the linear delay model is the input slope
effect.

2. Asthe %mm time of the input increases, the delay also increases because
- the active transistor is not turned fully ON at once.

b. Input arrival times :

1. Another source of error in the linear delay model is the assumption that

one input of a multiple input gate switch i ]
ey bk ol g itches while the others are

2 . ;

icmw@_w n%om:v:ﬁm to a series stack turn ON simultaneously, the delay

ot M: s M tly _o.nmmn nr.mb predicted because both transistors are only
partially ON during the initial part of the transition.

3. i
When two inputs to a parallel stack turn ON simultaneously, the delay

S—: UO m~u0~ ter NT.EH pr O&OHmQ Umnmcmm TOﬁT ww.mhumumﬂON S &m—“— ver current

F (EC-Sem-7)
2-20 Interconnect Parameters

Que 2.14. | How to estimate the logical effort and parasitic delay ?

OR

Write short notes on :

;i Logical effort

ji. Parasitic delay. AKTU 2018-19, Marks 10 |
OR

Define the term FM.FN_ effort and electrical effort. Explain linear RC
delay model. Mention the limitation of this model.

AKTU 2020-21, Marks 07
Answer _

A Logical effort :

1. Logical effort of a gate is defined as the ratio of the input capacitance
of the gate to the input capacitance of an inverter that can deliver the
same output current.

9. Logical effort indicates how much worse a gate is at producing output
current as compared to an inverter, given that each input of the gate
may only present as much input capacitance as the inverter.

3. Fig.2.14.1 showsinverter, 3-input NAND, and 3-input NOR gates with
transistors widths chosen to achieve unit resistance assuming pMOS
transistors have twice the resistance of nMOS transistors.

4. The inverter presents three units of input capacitance. The NAND
presents five units of capacitance on each input, so the logical effort is
5/3.

5. Similarly, the NOR presents seven units of capacitance, so the logical
effort is 7/3. This matches our expectation that NANDs are better than

NORs because NORs have slow pMOS transistors in series.

B —q[6
2 Y 4 5
A Y
] ! B IH
"w QS"m OEHQ
L 0mu,£ ® =53 © g=

Fig. 2.14.1. Logical gates sized for unit resistance.
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Table 2.14.1 the logical effort of common gates | I N AR .
[0 Numberofinputs s PARTB [ 4
2Eligs " Logical Effort of Paths, Scaling.
—_— ,. = g ) e s e
1
4/3 5/3 6/3 (n+2)/3
{
| NOR 23 | 73 | 93 | @a+vm] |
Tristate, Multiplexer 2 2 2 2 2
12,6 |8,16,16,8
XOR, XNOR 44 |6,12, | Que 2.15. | What do you understand by logical effort of paths ? Also
| limitations of logical effort.

B. Parasitic delay : give the o
The parasitic delay of a gate is the delay of the gate when it drives zero ¢ are the limitations of logical effort ?
load. It can be estimated with RC delay models. Wha

[ARTU 2019-20, Marks 8.5

=

M, m.>8.=mmBmgommoommourmbmnm_nﬁmaobmmmnonogaoquﬁcmmg
| itance on the output node. |
capacitance on the output no Mlﬂmqﬂwn\|_

3. For example, consider ﬁr.m gatesin m;m N..K. H.w assuming each transistor A Logical effort of paths :
on the output node has its own drain diffusion contact. . . s

. . ] . . 1. Designers often need to choose the fastest circuit topology and gate

4. Transistor widths were chosen to give a resistance of R in each gate. sizes for a particular logic function and to estimate the delay of the

5. The inverter has three units of diffusion capacitance on the output, so design.
Logical effort provides a simple method “on the back of an envelope” to

* the parasitic delay is 3RC = t. In other words, the normalized parasitic 92.
choose the best topology and number of stages of logic for a function.

delay is 1.

6. In general, we will call the normalized parasitic delay p,,,.p;,, is the 3. Basedonthelinear delay model, it allows the designer to quickly estimate
ratio of diffusion capacitance to gate capacitance in a particular process. the best number of stages for m.vm.&wﬁro EMMEBMN@MJ&F delay for the
Table 2.14.2 the parasitic delay of common gates given topology, and the gate sizes that achieve this delay.

. ; B. Limitations of logical effort :
Gate e ! % .
S g : Nl Number of inpute Q 1. Logical effort does not account for interconnect. Logical effort is E.omn
, : L \ 1 ‘ 2 \ 3 \ 4 ‘ n * applicable to high-speed circuits with regular layouts where moﬁ.«Em
Inverter ‘ 1 N “ ﬁ delay does not dominate. Such structures include adders, multipliers,
NAND * ‘ memories, and other datapaths and arrays.
_ \ . \ 2 ‘ - ‘ n N 2. Logical effort explains how to design a critical path for maximum mv.mmF
NOR 2 ‘ 3 ‘ 4 ‘ 5 ﬁ but not how to design an entire circuit for minimum area or power given
Tristate, Multipl a fixed speed constraint. .
i 2 ! \ 6 % e ‘ 2n ; 3. Paths with non-uniform branching or reconvergent fanout are difficult
7. The parasitic delay also d e to analyze by hand.
gate capacitancs, Y also depends on the ratio of diffusion capacitance to 4. The linear delay model fails to capture the effect of input .m_owo.
,_, C. Electrical effort : The effort delay of 4(b'/k)C = Fortunately, edge rates tend to be about equal in well-designed circuits
= 4bC depends on the with equal effort delay per stage.

, Sn. .
{ wi o_% va of wam_w_ﬂ_nﬂmm capacitance to input capacitance and thus charges
ans 8. The factor 4 is by the complexity of the gate. The

capacitance ratio is called the electrical effort
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Que 2.16. Why tr
Write down comparison b

constant-voltage scaling.

Answer _

1

B

-

2-23F aO.mQE.J

ansistor scaling is of great importance in <H.m:,
etween constant-field scaling anq

_wmsd 2017-18, E»@
[AKTU 2019-20, z&@

nsity chips in MOS VLSI technology requires thg
MOSFETs used in the circuits is as high as possibl
the sizes of the transistors are as small as possiblg,
the dimensions of MOSFETS, is commonly

The design of high-de
the packing density of
and, consequently, that
The reduction of the size, i.e.,
referred to as scaling.
Scaling of MOS transistors is concerned with systematic reduction of overa]
dimensions of the devices as allowed by the available technology, while
preserving the geometric ratios found in the larger devices.

The proportional scaling of all devices in a circuit would certainly result
in a reduction of the total silicon area occupied by the circuit, therehy
increasing the overall functional density of the chip.

There are two basic types of size-reduction strategies :

Constant-field scaling :
This scaling option attempts to preserve the magnitude of internal electric
fields in the MOSFET, while the dimensions are scaled down by a factor

of S. It is also known as full scaling.
To achieve this goal, all potentials must be scaled down proportionally,
by the same scaling factor.
The full scaling reduces both the drain current and the drain-to-source
voltage by a factor of S; hence, the power dissipation of the transistor
will be reduced by the factor S2.
A P

P=1Ip.Vps IWIMNb -Vps =5z ...(2.16.1)
The mmmE.mnmbn reduction of the power dissipation is one of the most
attractive features of full scaling.
The vﬂovcuaouﬁ reduction of all dimensions on chip will lead to a
wmm:m_uob. of various parasitic capacitances and resistances as well,
contributing to the overall performance improvement.

Constant-voltage scaling :

MMMMHMA“EJ , the peripheral and interface circuitry may require certain
umnmmm#mmwm ﬂw&w all input and output voltages, which in turn would
multiple power supply voltages and complicated level-shifter

2~

C-Sem-7)
arrangements. Here, constant-volt,

full scaling. ages scaling is usually preferred over
In constant-voltage scaling, all dimensions of th

! . - e MOSFET
by a factor of S, as in full scaling. The power supply voltage swﬁmﬂw
terminal voltages, on the other hand, remain unchanged ge and the

The drain current is increased by a factor of S while the drain-to-source
voltage remains unchanged, the power dissipation of the MOSFET
increases by a factor of 8.

P'=1Ip.Vps=(S.1,).Vpg=S. P

Constant-voltage scaling increases the drain current density and the
power density by a factor of S°. The large increase in current and power
densities may eventually cause serious reliability problems for the
scaled transistor, such as electromigration, hot-carrier degradation, -
oxide breakdown, and electrical over-stress. _

VERY IMPORTANT QUESTIONS
Following questions are very important. These questions
may be asked in your SESSIONALS as well as

UNIVERSITY EXAMINATION.
Q.1. Mention the advantages of interconnect modeling. Describe
the interconnect modeling to calculate R and C.
Ans. Refer Q. 2.2.
Q.2. Explain the Elmore delay model with suitable RC networks.
Mention its merits.
Ans. Refer Q. 2.5.
Q.3. Draw and explain the working of Lumped RC-model for
interconnects. )
Ans. Refer Q. 2.6.
Q. 4. Discuss briefly about effective resistance. Also explain gate
and diffusion capacitance of RC delay model.
Ans. Refer Q. 2.9.
Q.5. Explain the delay estimation with different optimization
techniques.
Ans. Refer Q. 2.12.
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i ical effort. Expla;
logical effort and o—ocmﬁn. . Explain |
e WMM“WMMM%MWBNW&. Mention the limitation of this mode], |

| Ams Refer Q. 2.14.

i ing i i rtance in VLS] 9
stor scaling is of great 1mportz . 2
9 M«Wﬂoﬁwﬂ comparison between constant-field scaling ang

| constant-voltage scaling. ey
| ans Refer Q. 2.16. .
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Part-1 : Dynamic CMOS Design .: ..... 3-2F nomlqm. v
Steady-State of - e L st
Dynamic Gate Circuits

Part-2 : Noise Consideration in...........coccouuiie.
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Sharing, Cascading i
Dynamic Gates
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A
1

Answer

,U%uwimo CMOS design :
Dynamic circuit, which relies on temporary storage of signal values op
the capacitance of high impedance circuit nodes.

In this, an alternate logic style called dynamic logic is presented that
obtains a similar result, while avdiding static power consumption.
With the addition of a clock input, it uses a sequence of precharge and
conditional evaluation phases.

Construction and working :

The basic construction of an (n-type) dynamic logic gate is shown in

Fig. 3.1.1. The PDN (pull-down network) is constructed exactly as in
complementary CMOS.

Vop
CLK |& M,
Out
A
B =
CLK—{[ M CLK{["M
(a) n.gmuu..bmﬁSoww (b) MxMﬁEm

Fig. 3.1.1. Basic concepts of dynamic gate.

Dynamic CMOS Ummmmu”

yLSIDesien 3-3F (EC-Sem-7)
5. The operation of this circuit is divided into two major phases :
a Precharge: ;

When CLK = 0, the output node, Out is prechar

. . L ged to V,,,, by th
transistor M,,. During that time, the evaluate nMOS WanmmnMWWo.m
OFF, so that the pull-down path is disabled. g
The evaluation FET eliminates any static power that would be :
during the @wmormumm period (this is, static current would moewwwm%wonmm
the supplies if both the pull down and the precharge device were turned
ON simultaneously).

b. Evaluation :

For CLK = 1, the precharge transistor M is OFF, and the evaluati
transistor M, is turned ON. p uation
The output is conditionally discharged based or: the input values and the
pull-down topology. .

jii. Iftheinputs are such that the PDN conducts, then a low resistance path
exists between Out and GND and the output is discharged to GND.

Que 3.2. What are the properties of dynamic circuit ?

Answer _

The properties of dynamic circuit are :
1. Dynamiclogic has higher speed than equivalent static family.
It occupies less area. The number of transistors is lower than in the
static case.
1t is non-ratioed. The noise margin does not depend on transistor ratios,
asis the case in the pseudo-nMOS family.
4. Tthaslow power dissipation. It only consumes dynamic power. No static
current path ever exists between V,, and GND.

o

w

5. Dynamic logic always require clock.

Que 3.3. _ Explain the behavior of pass transistor in dynamic
[AKTU 2020-21, Marks 07 |

CMOS logic implementation.

OR
Explain the working of pass transistor circuit. Also mun.c—wmﬂ. how the
charge stored affects the transfer of logic 1’ and logic ‘0’ in nMOS

pass transistor circuits.

Answer _

1. The fundamental building block of nMOS dynamic logic circuits consisting
of a nMOS pass transistor driving the gate of another nMOS as shown

in Fig. 3.3.1.
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g o [

9. The passtransistor Mpis controlled by periodic clock pulse gy, A

switch to charge up or charge down the parasitic capacitance o Sy
. x*

fzm |<_,|o _l
T
|o&|

Fig. 3.3.1.

3. There are two possible operation when CK = 1, they are logic ‘1’ trang,
i.e., charging up the capacitance C, and logic ‘0’ transfer i.e., ormﬁg
down the capacitance C..

4. The pass transistor My, provides the only current path to the capacitj,
node (soft node) V.

5. When CK =0, the pass transistor M}, ceases the path and charge stqy,
in parasitic capacitor C, is used to determine the output of the invert,,

A. Logic ‘!’ transfer :

Assume that the soft node voltage is equal to 0 initially, i,

V. (t=0)=0V. Alogic ‘I’ level is applied to the input terminal whi

corresponds to V; =V, =V,

2. Now the clock signal at the gate of the pass transistor goes from 0}

Vppatt=0.

3. The pass transistor M p starts to conduct as soon as the clock sign
becomes active. With Vo = Vs» the M, will operate in saturation regig
throughout this cycle, since Vos>Ves— Vi,

B. Logic ‘0’ transfer :

1. Assume that the soft node voltage V_is at logic ‘1’ level initially je,
Vie=0)=V_ =V, ~ Vr ). Alogic ‘0’ level is applied to the inpul
terminal, which corresponds to Vin=0V.

2. ﬂ w_s n%m clock signal at the gate of the Ppass transistor goes from 0 to Vo
att=0.

3. The pass transistor M, starts to conduct as soon as the clock signa
becomes active. In this case, the direction of drain current flowing
through M, '» Will be opposite to namn. in the logic ‘1’ transfer.

4. QE.: Vs =Vypand Vps= V nax the pass transistor operates in the linear
region throughout this cycle, since Vps < Vas— Vo
T 1

a_ Estimate the equation for the charge storage and charge
leakage at the soft node capacitan

=

ceC..

3-5F (EC-Sem-7)

TAnswer . \
w L The preservation of correct logic at soft node during inactive clock iy
" depends on sufficient amount of charge in C,.

Let us assume that high logic has been transferred to the soft node
during active clock pulse, and both the input voltage V,_ and clock are
equal to 0 V as shown in Fig. 3.4.1.

. v,
V, =0 P |
" Il_ll_ «— — |
I—.l H~amwmmw C H HWNSH 0
X

CK=0

Fig.34.1. .
The charge in C, will gradually leak away due to leakage currents
associated with pass transistor M. The gate current of inverter transistor

is negligible.

w 3 The leakage current responsible for draining the soft node capacitance

over time has two responsible components. They are subthreshold
channel current and reverse conduction current.
N—mmwmﬁa = Lsubthreshold (MP) o Nnmcmnmm (MP) -(34.1)

Other component of C_, like oxide related parasitic can be considered
constants, and represented by C, .

5. The sum of two main components are used to express the total charge
stored in the soft node

Q=QV)+Q,

Q,=C,.V, ..(34.2)

an = QEV il me__v. + QEm«m_

6. The time derivation of the total soft node charge Q will give the total

leakage current as

where

Lo =99 _ 49V doy
_m%_%u& & &

dQ;j(Vy) dv, . dVy .(3.4.3)
= |M.<R\+ m&n +OE n&n

Que 3.5. _ Explain the term voltage bootstrapping in CMOS logic
[AKTU 2018-19, Marks 05 |

with suitable example.

Answer _

g1 rae que for
1. Voltage bootstrapping is a very cmm.wE .&Smhﬁo nWMMEa techniqu
. overcoming threshold voltage drops in digital circuits.
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Dynamic CMOS Doy,
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e bootstrapping amnrip%m. offer a mmmsEm yet effect,
threshold voltage drops which occurs in most m#:mzoumm

<UU

2. Dynamic voltag
way to overcome

M,

<o=»
.<5 _ WVH_ H Oo_:
¥

Fig. 3.5.1. Dynamic bootstrapping arrangement to

] boost V, during switching.
3. When inputvoltage V, islow, maximum value of output voltage can be
attain, is limited by
Vo max) =V, -V (V_) ..(3.5.1)

4. To overcome threshold voltage drop and to obtain full logic high level
(Vp,p) at output node, the voltage V_ must be increased.

5. Asshownin figure M is added to circuit. The two capacitors Cgand C,
represent capacitances which dynamically couple voltage V_to ground
and to output respectively.

6.  Thiscircuit produces a high V_ during switching, so that threshold voltage

drop is overcome at output.
V,2Vpp+ Vi (V) ...(3.5.2)

X
According to equation,

; : dV. dV,, -V.)
les = Lepoor = Cs R\a = Chogt II%»I
.&«\R = QveS ] n:\c—: (3.5.3)

. dt " Cg+Cpoy dt
7. It is seen from me.Emob that increase in output voltage V.. during this
switching event will proportionally increase voltagelevel V. Integrati ng
eq. (3.5.3) on both sides, we get ’
V, g

& 1
.“ dav, - Choot %b dv,,,
«\bblw\ﬂm Qrw + ﬁ._ucon i 0
«\n = A<b — ) + Qvooﬂ (v 7
D~ V13 Vpp=Vor) ..(3.5.4)

3-7F (EC-Sem.7)

@MH Ummmmﬂ—

itor C, . >>C., maxi :
1f capacitor Cpoo » Maximum value of V_is
. Vemax) = 2Vp, - Vi~ Vi, (354)
which proves that voltage voo"mﬁ.mwugm can significantly boost arm
voltagelevel V.. )

mw\o\m..mwl_ Differentiate between dynamic CMOS logic circuit and
static CMOS logic circuit. ‘

7§.No.| Parameter | Static CMOS. Dynamic CMOS
logic circuit logic circuit
1. Glitches 30 % energy increase Intrinsically does not
. have this problem
\\um.\\ Switching Depends on previous|Does not depend on
activity state previous state.
3. | Power down Effectively used Generally, higher
models activity factor.
4. Clock Power No clock Not well suited
due to gate capacitance
of precharge MOS
transistor

PART-2 |

Noise Consideration in Dynamic Design, Charge Sharing.

Questions-Answers

Long Answer Type gm Medium Answer Type Questions’ -

Que 3.7. _ What are the noise considerations in dynamic mmmmm.n, ?

Answer _

Noise considerations in dyn

Charge leakage : .
The operation of the dynamic logi
dynamically storing a charge on the o
Due to leakage currents, this charge gradual
eventually in malfunctioning of the gate.

amic design are :

-

¢ depends on the principles of
utput node (capacitor).
ly leaks away, resulting

=

S




Dynamic CMos Deg;
EC-Sem-7) R
3-8F( cos degradation in the logic high level,
leakage c@
3. Charge
Vop

r P

¢
N [ /
ox...*zu Qut j
) t

A HOH

Evaluate

Precharge

o M, | "

wwM urce (b) Effect on waveforms
Leakage so .
« Fig. 3.7.1. Charge leakage.

ic circuits require a minimal clock rate which is typically betwee,

Dynamic circui

250 Hz and 1 kHz.

Charge sharing : .

During the precharge phase, the output node is precharged to V.

Fig. 3.7.2.

Capacitors C.andC,
nodes of the circuit.

>mm.Edm now that during Precharge all inputs are set 0 and the
C, is discharged.

represent the parasitic capacitances of the internal

capacitance

Assume further that i

. nput B remains at (
Input A makes a 0 to 1

during evaluation, while
transition.

715! Design

5.

Sy

. transistor M, ON, the charge stored originally on capacitor C,
A,E.E.bmmc:omm over C; and C,. This causes a drop in the output voltage,
is a.mﬁww annot be recovered due to the dynamic nature of the circuit,
whic

ay of alleviating the problem of charge sharing is to add a small
One W

MOS tr ansistor in parallel with the precharge transistor as shown in
P
Fi

3.7.3t0 supply the extra current needed.
ig. 8.7.

Fig. 3.7.3. Addition of level restoring transistor. ;

k feed-through :
Cloc lock signal is coupled to the storage node by the mmnm.medm
ﬁ%wmnmunm and the gate-overlap capacitance of the precharge device as
ca
shown in Fig. 3.7.4.

AT h.
Fig. 3.7.4. Clogk feed throug . oo Thiods,
The fast rising m:mm.m:msm edges of the clock couple into the m~.mdm& i
e fas . ;
: emm disadvantage of clock feed-through is that Ma m“ﬂwﬂm %MM Mwwgomow
to rise sufficiently above the supply voltage as to 10
diode.

3-9F (EC-Sem-7)

e NI
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4.

Dynamic CMOS Ume.mu

s electron injection into the substrate and eventually regy] ting

This cause :
in faulty operation.

This can be avoided by
close to the precharge d

Cascading dynamic gate : .
Cascade dynamic gateis a combination of two simple inverters connecteq

in series, as shown in Fig. 3.7.5.

Vop Vop v ;ﬁ
)
.
Out 1 Out 2 w._\l

Out 1

HBI‘ <q,=
\ _ AV
A.‘- Zm Out2 | H )

B>

providing a sufficient number of well contactg
evice to collect the injected current.

(b)
Fig. 8.7.5. Cascading dynamic gates.

The problem is that during precharge all outputs are being precharged

to 1.
The PDN of the second gate is thus in a conducting state at the onset of

the evaluation phase.
Suppose now that “In” makes a 0 to 1 transition. At the onset of the
evaluation period (¢ = 1), output “Out 1” starts to discharge.
When “Out 1” exceeds the switching threshold of the second gate, a
conducting path exists between “Out 2” and GND. “Out 2” therefore
discharges as well, and the correct output of the gate equals 1.
This conducting path is only turned OFF when “Out 1” reaches Vy, and
.&Enm OFF the nMOS pull-down transistor. This leaves “Out 2” at an
Intermediate voltage level. The charge loss leads to reduce noise margins
and eventual malfunction.
It is obvious nmmw the cascading problem arise because the output is
.Emnvm:.mmm to “1”, so 8&.82 operation is guaranteed as long as the
wwwﬂmm can only make a signal 0 to 1 transition during the evaluation

. Domino Ne%mo.. .

/ @rnm‘aoam.»umtmuw

: Bcam.bbmeqmu .&%vo and En&nﬁ ,.»mms%gm ,az.ammonm

Que 3.8. _ Explain the domino CMOS logic. Also discuss the

cascaded domino CMOS logic structures.
OR

Explain CMOS domino circuit along with its features. How it can be
[AKTU 2017-18, Marks 10

cascaded in VLSI circuits ?

Answer ~
The generalized circuit diagrams of domino CMOS logic gate is shown in

1.
Fig. 3.8.1. The additional inverter allows us to operate a number of such
structures in cascade.

2. During precharge phase (CK = 0), the output node of dynamic CMOS is
at logic high, and output of CMOS inverter become low.

Vobp Vpbp
¢ d
<o=n
nMOS
logic L
Fig. 3.8.1.
3. When (CK = 1), at the beginning of evaluation phase there are two
possibilities : . : a
a. The output node of dynamic CMOS stage either discharge to low 0

remains high.



Dynamic CMOS U,mmmmd

3-12F (EC-Sem-7)
make one transition, from 3-13 i
b. Similarly inverter output voltage can also 0 F (EC-Sem.7)
tol ; ic CMOS stage, it i
: - sut voltages applied to mvﬂ.mmén : ge, ~.o is
4. Now regardless of inpu 0 transitions during evaluatig
pot possible for buffer output to make 1 to n
phase. ding domino CMOS logic gates as shown
5. Now consider the case for cascading
inFig. 3.8.2.
—~—d —d
<o=n
‘ e
3 logic  logic B 2L ¢
i
_ — Fig. 3.9.1. Conventional CMOS logic gate.
Fig. 3.8.2.
6. Allinput transistors will be OFF during the precharge phase, since all )
buffer output is equal to ‘0",
7. During evaluation phase each buffer output can make 0 to 1 transition A—
and thus each input of all subsequent logic stages can also make 0 to 1
transition. B |* ml_ c l D
8. Incascade structure consisting of several such stages, the evaluation of
each stage ripples the next stage evaluation, similar to a chain of dominos
falling one after the other. The structure is hence called domino CMOS ¥
m logic. Fig. 3.9.2. Domino CMOS logic style.
i Que 3.9, _ Implement the Boolean function Y =AB + (C + D)(F + E) )
i : Que 3.10. _ Write the properties of domino CMOS logic.
, + GH using domino CMOS logic. | AKTU 2018-19, Marks 05 |
Answer _

OR

Implement the Boolean function Z = AB + (C + D)(E + F) + GH using The properties of domino CMOS logic are :

standard CMOS and domino CMOS logic.

? Eﬂd 20 1. Each gate requires N + 4 transistors.

cl - . .
Answ _ 2 Manc cq_ 2. Logic evaluation propagates as falling dominoes hence minimum
| oy evaluation period is determined by the logic depth.

! L i : e : |

Fig. 3.9.1 and Fig. 3.9.2 show the realization of the logic by using B M “M%%Mcmnécmw be %meﬂﬂmm %%Mmm the precharge period. Total
2charge time depe 1

conventional CMOS and domino logic styles.

. 2. Fromi o i
| moumwbﬂuﬁmnwm n_ww_w wr_wnbﬁnnhmwn that the number of transistors used in
| CMOS logic. e number of transistors in conventional 5. Gates are ratioless and non-inverting.

4. Inputs must be stable during the evaluation period.
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Que .11, | Explain NORA CMOS (NP-Domino) logic circuit, 4,

write its advantages and &m.w,mw.wnmawmg.

OR
Explain Domino and NORA CMOS logic circuit with suitay
example. : . AKTU 2019-20, Marks (j
~OR

Enlist the advantages of dynamiclogic circuit over static logic cirey
Explain NORA CMOS logic circuit with suitable example.

[ AKTU 2018-19, Marks]

A. Domino CMOS logic: Refer Q. 3.8, Page 3-11F, Unit-3.

B. Advantages of dynamic logic circuit over static logic circuj
The dynamic-logic implementation of complex functions generd
requires a smaller silicon area than does the static logic implementati

C. NORA CMOS logic circuit :

1. This design alternative to domino CMOS logic eliminates the outp
buffer without causing race problems between clock and data that ari
_when cascading dynamic gates.

i ‘ H )1 g Y |
2. NORA CMOS (No-Race CMOS) avoids these race problems by cascad
., -alternate nMOS and pMOS blocks for logic evaluation. The cost is routi

two complemented clock signals!”

3. The cascaded N ORA gate structure is mboﬁs in Fig. 3.11.1.

A mH bwmum.b )

Heieeif

L 133=¢;

Sem.7)

oy

GC

Fig. 3111 NORR CMOS cascaded gates.

4. When the global clock (GC) is low (G .high, the nMOS logic block
output nodes are precharged high, while outputs of gates with pMOS
logic blocks are precharged low. When the clock changes; gates are-in
the evaluate state. B - ik

D. Advantagesof N ORA CMOS r_.muo nw.u.oﬂ.:.o.“ -

H.mﬁmemoOEOmEﬁZmimuenwmaﬁwmmg »Wm.oﬂg:ﬁ.ommé@,,%ugn
logic state. ) - e

:

2. Compatible with domino CMOSlogie, . = .

It allows pipelined system architecture. ot  pe el
E. Disadvantage of NORA CMOS logic circuit : NORA-CMOS also
suffers from charge sharing and leakage. To overcome dynamic charge

sharing and soft node leakage problem a circuit technique called Zipper
CMOS can be used.

©®

Que 3.12. _ Write the difference between dynamic CMOS logic circuit
and static CMOS logic circuit. Explain the o-wmmmmnu.&oﬂ of &Bwuuumn
CMOS logic circuit and design a 2input EXOR logic gate using domino
logic. : AKTU 2019-20, Marks 07 |

Answer _

A. Difference : Refer Q. 3.6, Page 3-7F, Unit-3. —

B. Classification of dynamic CMOS logic cireuit: * '~ '~

i. Domino logic: Refer Q. 3.8, Page 3-11F, Unit-3.

NORA logic : Refer Q. 3.11, Page 3-14F, Unit-3. bonsg.

C. . 2 input EXOR. logic gate using domino logic gate : The 2 input
EXOR logic gate is shownin Fig. 8.12.1. A i awodde

B




%

3-16F (EC-Sem-7)

CLK . .
<c=n
A =

T
Fig. 3.12.1.

Problems in Single-Phase Clocking.

Oﬁmwuw Explain single-phase clock. What are the problems iy
single-phase clock ?

RS

A mmlwmm.wvvmm clock :

High W
e A
T Next
(a) Single-phase clock (b) Single-phase w-aﬁm EOMHMMM;Q
Fig. 3.13.1.

1. Single-phase clock consists of a
hase sequence of pulses having high and low
levels with width W and time period T as shown in Fig. wﬂw.ﬂmv.

2. A single-ph: .
cein M Phase clock has two states (low and high) and two edges per

3. The schematic diagram

shown in Fig. 3.13,3(5). . * *.08/°-Phase dynamic nMOS inverter i

LIS

PART-5 | . N

3-17F Bo.moE.S

When the clock is in the high gta,
Depending on the input, Q. is eit,

If the input voltage is low, QH
Voo through @, and Q,.

When the input voltage is high, @
through it to a low level, :

» both transistg

er ON or OFF. TS am and @w are ON,

1s OFF and the output capacitor chargesto

is ON and the output is discharged

When the clock is in the low state the tragsi

. : s ansist
mm&mnﬁm. the output capacitor, This voltage “M kummhwm% m A OFF,
OFTF period of the clock, provided the period is not too long uring the

During the period, the power supply is also disconnected curr
o and

flow through the o:,mE_m As current flows only when the &owm is Emwﬁ

the power consumption is small, and it depends on the duty cycle i

It may be noted that the output of the circuit is also ratioed, because the
low output <o_.emmm @m@gmm on the ratio of the ON resistance of @, to
that of @, (ratio of high time to the time period 7). :

As we know that, this ratio is related to the physical dimensions of @, to
, (Low ratio) and is often referred to as the inverter ratio, g

Problems in single-phase clock ; .
The circuits realized using the single-phase clocking scheme has the

disadvantages that the output voltage level is dependent on the inverter
ratio and the number of transistors in the current path of GND.

In other words, single-phase dynamic circuits are ratioed logic. Moreover,
the circuit dissipates power when the output is low and the clock is high.
Another problem arising out of single-phase clocked logic is known as
clock skew problem.

This is due to a delay in a clock signal during its journey through a
number of circuit stages. This results in undesired signals like glitch,
hazards, etc. Some of the problems can be overcome using two-phase
clocking scheme.

PART-6

Two-Phase Non-Overlapping Clocking.

Questions-Answers

chw Answer Type and Medium ?wﬁon..ﬂ..%ma Questions
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|
{
i

(T e @ YL TS Dynamic CMOS'$s 2 e
3-18F(EC-Sem-7) § = ,H,so@ Desigy

> 4 od ALy g2 ooy o U
= u T» : wﬁon% diséuss about two-phase non-overl u.wmuw.d_oo_m

H)

,,gmtma
LooActwo-p ] high simultaneously.;the. . .

two-phases (¢; and ¢,) are never hig : ; ;2 Clock hyg
( three states and four edges and satisfies the property ¢, ¢’y = (
e LAl transitions, of the clock si

2,11 There is aidead time;;A; hetween
S Dobiverg ssais adit hoio,

shown in'Fig.3.14:1(a).oior orls holbivo:
8.2+ The:schematic diagram. of - circuit that,

\

m,b.mhm ag

generates two-phase, clock i

[0 L

() _Héowmmwmpwo clock

Las

'I vllv\r_,,__.v 0

Jsvossolid sinel ooi(b) Two-phase clock generator circuit (
fyir 2i 2ols 'Figl3a4.1.

4. - Aninverter based on two-phase clock generator is shown in Fig. 3.14.2

5 When nm e clock ¢, is high, the intrinsic capacitor charges to V,,, through

1@y And clock ¢; which comes after ¢, performs the evaluation. If Vinis
high, @, is turned ON and @, is ON, the capacitor discharges to the GND
level and the output V, attains low logical level.

6. IfV, islow the @, is OFF and there is no path for the capacitor to
discharge. Therefore, the output V, remains at high logic level.

7 H.ﬂ may be noted ‘that the pull-up and pull-down transistors are never
_ Simultaneously ON. The circuit has no DC circuit path regardless of the
- State of the clocks or the information stored on the parasitic capacitors.

8. Moreover, the output is. not ratioed, i.e., the low-level output is

|

~-independent of the relative value of the aspect ratio of the transistors.

9. | That'is'why the circuits based g i
EihatIswh ased on two-ph ed
‘8 ratioloss ang P Phase clocking are often term

LY ¥ et ! ;.,4 ]
phase non-overlapping clock is-shown in Fig.; 3.14.1(a), A5 th

Que 3.15. | Describe the working of three stage pseudo nMOS dynamic
shift register driven with two-phase clocking giving its circuit. «.
s o [ AKTU 2019:20; Marks 07]

1. Indepletionload dynamic shift register circuits, the input dataare inverted
once and transferred or shifted'into the next stage during’éachclack

pulse as shown in Fig. 3.15.1. ———
01 e |A__.|H
<s|_|._|._“.11_, ]
C, out2

Ew.uml.”

The operation of ﬁﬁmm stage dynamic shift register circuit is as moﬁ%ﬁ”.
3.  When ¢, is active, input V, is transferred into capacitance C,,, and the
’ 1 ) , b ,
output appearsat Cy;- , , ]
4. When ¢, becomes active during next phase, the C

L 1s transferred as
is deter
input to second stage C,,, and output of second stage is dete

mined.




3-20 F (EC-Sem-7) Dynamic CMog u
During the first stage

mz..
C,,; continues to retain :3
charge storage. ely

6. When ¢, becomes active again, the original data written intq "
i.., into third stage and the first stage can now accept the next QM.W}

. ] ak

7. The maximum clock frequency 1s determined by the signal Propag by
. atj,

delay through one inverter stage.
8. One-half period of clock signal is long enough to allow C;  to char
or down and to propagate the logic to C_ .. The logic high of each MEMM#

5.

out®

stage is one threshold voltage lower than the power supply voltag

‘oo | PART-7

o mmaamaﬁ&os& 08 hcwa ﬁ«.xm%«..«m. Layout Design.

1. Fig. 3.16.1 shows a sequential circuit consisti i
onsisting of a combinational circy
and a memory block in the feedback loop. ey

A OUT 1
G Combinational OUT 2
C logic :
Memory
Fig. 3.16.1.

In most
cases, the : :
» 1€ regenerative behavior of sequential circuits is due!!

either a direct .
T an in
and the input, direct feedback connection between the outp!

yLSI Design

Regenerative i =
operation can, undey certain conditjons, 5] ,
»alsobe interpreted ™

as a simple memory function

The critical components of 5
P . €quential
circuits, which can be classified int MNMMHMW are the basic regenerative
an groups :

. Bistable :Bistable circuits ha
Ve, as their name impj;
plies, two table states

or operation modes, each of whj .
and output conditions. ch can be attained under certain input

::  Monostable : Monostable circyj

” . uits, on th
stable oﬁwnmsum point. Even if the &H.Smﬁo MMM%NME have only one
perturbation, the output eventually returns to the sj Sw an external
after a certain time period. single stable state

s Agtable : In astable circuits, there is

L 0. as ) no stable operating poi
which the circuit can preserve for a certain aﬂmwmlom.mowwmbhnﬂmwmam
the output of an astable circuit must oscillate without setting Fguw

stable operating mode.

Que 3:17. | Explain SR latch based on NOR gate.

1. The gate-level schematic of the SR latch consisting of two NOR gates
are shown in Fig. 3.17.1.

R
Q

O

Fig. 3.17.1.

If the set input (S) is equal tologic 1 and the reset input is equal to logic
While @ is forced to logic 0.
e of its previous state.

output @ will be

0 then the output @ will be forced tologic 1.
This means the SR latch will be set, irrespectiv
3. Similarly, if S is equal to 0 and B is equal to 1 then the
forced to 0 while @ isforcedto 1. This means the latchis reset, regardless

of its previously held state.
4. Finally, if both of the inputs SandR are eq
will be forced to logic 0 which conflicts w1

ual to logic 1 then both output
th the complementarity of @

and @.
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this input combinationisnot %oémm mE.Sm uS.B& ove.mg.ou“
OR based SR Latch is m?m: inTable 817166 5.,

n.mzmw Hq H n 109 .:,,, ;..,,.,A.M. s

5 :_,@mﬂmm.ou..m»
6. Truth tableof Z

' Hold -

mnn 4

Reset

0
"o
i

1

(i Not allowed

q QSOm mw Fnor _ummmm on Zow gate is shown i in Fig.3.17.2.

Vob Vop

podny B0V i| e . T||\

. Fig. 3.17.2. OgOm_\ mwgmmwv circuit .@Mmmm on NOR2 gates.

8. Ifthe Sis equal to Vor and;the R is equal to Vor» both of the parallel-
connected transistors M, and M, will be ON. The voltage on node Q@ will
" dssume a logic-low ~m<m~ of Vo, =0.

9.7 At the same time, both g m:m M, are turned OFF, which results in a
~logic-high voltage Vourat E&m Q. Hw the R is equal to Vor and the S is
v 11 equal to’ E.LS and M, turned OFF and M, m:mg turned ON,

‘Que 3:18;

Discuss NOR-based SR latch with a clock.

1." Fig.3.181 shows a NOR-ba,

3 A sed SR latch with a clock added. Thelatch is
responsive to inputs § and

R only when CLK is high.

R

~ 3-23F(EC-Sem'7)

When CLK is low, the latch retains Rm\ nﬁamﬂ state. Observe that @

changes state : o

When S goes high during positive CLK.

On leading CLK edge after.changesin'S and R &:.Em CLK low time.«

A positive glitch in S while CLK'is high: - e
itive CLK. HER Y AN H

en R goes high during posi
M\M\HOm AOI implementation of &onw& 2 Ow pased SR r&nr is mroﬂb in

3.18.2. |
Mwmmu clock is high, the circuit becomes m_Bﬁq a Zow vmmmm CMOS
latch which will respond to input SandR. : i DL

P s i Gd 7= 10gI0

Vpp

et

D
all- -

SR e

Fig. 3.18.2.

| i -flop.
Que 3.19. | Write a short note on clocked JK flip-flop

e AT L T R R P




D i N
ynamic CMOS Ummmma
, gI Design
| ——— | Vi 3-25F (EC-Sem.1)
_v ‘Answer
m 1 Em 3.19.1 shows a clocked JK latch, based on NAND gates.
i :
J Q
m CLK
. K Q Q.1. Explain the behavior of pass transistor in &E.EE CMOS -
! logic implementation. E 8
e Ang Refer Q. 3.3.
'Fig. 3.19.1.. gttt st
e . . 2. Explain rm voltage bootstrapping in CMOS logic wi
9. The disadvantage of an SR latch is that when both S and R are high, it; e suitable example. g ogic with
_, output state becomes indeterminant. Asis: Refer Q. 3.5.
_ 3. The JK latch eliminates this problem by using feedback from output t, . . .
| input, such that all input states of the truth table are allowable. If Q.3. Explain the domino CMOS logic. Also discuss the cascaded
domino CMOS logic structures.

J =K =0, the latch will hold its present state.

4. IfJ=1and K=0,the latch will set on the next positive-going clock edge, Afig; Refer Q. 3.8.

Implement the Boolean function Y =AB + (C + D)(F + E) + GH

m.&.- @ = .._J @ . O. D- 4.
. . i ino CMOS logic.
5. Ifd= = i i using domino
Oand K=1, gw latch will reset on the next positive-going clock Aws: Refer-Q. 3.9.
edge,i.e.,@=1and @ =0. :
= : ... . _5. Enlist the advantages of dynamic logic circuit over static
B HTEESTL e aich mllogele oo the ot posiive Soimg/Clock edes @ Jogic cireuit. Explain NORA CMOS logic circuit with suitable
7. The operation of the clocked JK latch is given in the Table 3.19.1. example.
Table 3.19.1. Ans; Refer Q. 3.11.
ol EiEerie ‘ 2 By % Q@ | Q Oﬂmnw&cﬂ Q.6. Write the difference between dynamic CMOS logic circuit
and static CMOS logic circuit. Explain the &wm.mnmnm»-ou of
0 i ! ‘ i . \ : : dynamic CMOS logic circuit and design a 2 input EXOR
. 1 0 _ R ‘ Hold logic gate using domino logic.
! - - c[‘ Ainis, Refer Q. 3.12.
° ! : 1 ‘ 0 _ “ . icshift
011 ! Runet Q. 7. Describe the workingofthree msmaﬂw&m n.zom M%naﬂm
1 0 1 0 ‘ 0 % 0 _ ReS register driven with two-phase clocking giving its circt
Ainig; Refer Q. 3.15.
R 1 0 1 \ 1 ‘ 5 _
Set
(| Ll ol [ a] ©©0O
b 0 1
M 1 1 | =~ ] .0 1 _ 1 0
_ L Toggle
N o I/,oL.’HL 0 \ 0 1
i /
Al
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Part-6 : Low-power CMOS Logic
Circuits : Introduction,
‘ Overview..of. Power...

i} “wg.? h an:n@uacnﬁoa Memories ;,
Dynamic Random >nnmmm

mzmmr gmBodmm sFastebaasssinsiast .. AIEH._; no 4-17F

hlmmu to AIHou.J

1

brriialtelis »l:.m, to 4-13F

:AL.:., to 4-19F

...... orrrrnenini:4=19F to 4-31F

4-1F (EC-Sem.7)

2. The stored data is volatile i.e., the stored &mﬁm 1s

'3."'Based on the operatio
a. Dynamic RAM: The DRAM ¢

o

4-2F (EC- “Sem-T7)

AT

ngo

Semiconduétor memory : mmEHoonmccnowEmBoQ arrdys capable of

storing large @cmb_uSmm of %m._ﬁ& E&ogmsob are mmmmuS& to all digital

systems. S0

B. Types of semiconductor ,EmES.% i
The Fig. 4.1.1 shows an o<mgm€ ow mmgooumcgoﬂ BmEoQ %H.mm

an:ooumco_“ow ZoEozam

L

v — + O

) Read/write memory Read only memory - e oo
11 7 or Random'Access memory ow (ROM)gwd | b e
v v " Mask (Fuse) ROM " =7/
Dynamic RAM Static RAM - Programmable ROM %wo%
(DRAM) Amwasv “a U Plash'memory' 7
Ferroelectric RAM Q“.WESV

types and their classification. W Sy

e

. .H.;_m.. 4.1.1. Overview and characteristic summary of mmmmumuerBon.

1. The Read/write memory imust permit the modification 6f déta bits ‘stored
' l\in the memory array as well as their retrieval on demand... :
lost when the power

' supply voltage is turned OFF- ‘ .
s m n RAM’s are classified into &s.o main categories.

cell nobmaem ofa cw@mn;on to store binary
150 (low voltage)’ and' a' transistor to

'information ‘1 (high voltage) or DRAM is widely

access the capacitor. Due to low cost and high'density

used for main memory-
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VLSI Design o e T
RAM cell consists of a latch therefore, the

: :The S g cell g
b. m«mamm Mm&ww m,mw the power is turned ON and refresh operatioy i MW
is ke

uire as in the case of DRAM cells. SRAM is mainly used for the ;-
HMBoQ in various applications.

Read only memory (ROM) :
It allows only retrieval of previously stored data and does not Permj;
modifications of the stored information during normal operation,

ROM are non-volatile memories i.e., the stored @mnm. is not lost evey
when the power supply is OFF and refresh operation is not requireq,

Mask ROM are the one in which data are written during chip wmcmomsou
by using a photo mask and in programmable ROM (PROM), datg are
written electrically after the chipis fabricated.

4, Depending on data erasing characteristics PROMs are further classifieq
into Fuse ROM, erasable PROM (EPROM) and electrically erasab]e
PROM (EEPROM). The data written by blowing the fuse &monﬁom:w
cannot be erased or modified in Fuse ROM.

5. Datain EPROMs and EEPROMs can be rewritten, but the number of
subsequent re-write operation is limited.

6. Flash memory is similar to EEPROM, where data in the block can be
erased by using a high electrical voltage.

7. Ferroelectric RAM (FRAM) utilizes the hysteresis characteristics of a

ferroelectric capacitor to overcome the slow write operation of other
EEPROMES.

Explain the working of three-transistor DRAM cell with

concept of leakage currents and refresh operation. What are the
features required to select a proper RAM ?

. OR
Write short note on DRAM cell. Explain leakage and refresh operation

.

Lo I~

o

e
| ig. 4.2.1(b), M acts as storage devic
In Fig e and

4.

AHQnWOBuQv

read

and write operation.

Mméooumzogn Memorieg

one transistoy each for

BL

Parasitic storage capacitances BL
(@) Four transistor DRAM cell

WL (read)

H(HH
e

WL (write)

BL (write) Parasitic storage BL (read)

WL

capacitance
(b) Three transistor DRAM cell

in DRAM cells. [ AETU 2019-20, Marks 07

Ansyer
A- DRAM: Refer Q. 4.1, Page 4-2F, Unit-4.
B. Working of three-transistor DRAM cell ;

1. The various configuration and step wise historical evolution of the DRAM
cells is shown in Fig.4.2.1.

2. In Fig. 4.2.1(a), during write operation, a word line is enabled and
ooBEmdmm.bg data are written from a pair of bit lines. Charge is stored
at parasitic and 8ate capacitance of a node.

3. In nmmm operation, the voltage of a bit line js discharged to ground through
transistor where the gate is charged with the high voltage.

BL

WL

e
.
gu

o2 —]

Storage capacitors
(¢) Two transistor DRAM cell

1
[ | i i
gm

Ly.ﬂ—l'l_r Storage
4~ capacitor

I

.|||I_.|  —

BL BL
(d) One transistor DRAM cell

Fig. 4.2.1. Various configurations of the m,vSmBWn RAM cell.
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5.

10.

During write operation, the write word line is enabled mjm the Voltag,

the write bt line is passed onto the gate of storage device througp
M, transistor. _ ¢
During read operation, the voltage of re

through M, and M, transistor when
deviceis high.

In Fig. 4.2.1(c) and Fig. 4.2.1(d) separate capacitor is manufactureq f
each storage cell instead of relying on the gate and diffusion omvmaamagm

of the transistors.
The read and write operations of these two cells are almost the sam,

In write operation, after the word line is enabled, the data are sﬂ.:g
into the cell through the M, or M, transistor and stored at the mnogmm

ad bit line is discharged to gro
the gate voltage of the m»ouwwa
o

capacitor.
The read operation is destructive. When the charge stored in the mﬂs.mmm

is shared with the bit line, its charge can be changed mmmdmmnmnsw

(destructed).
Leakage currents in DRAM cells and refresh operation :

Different leakage mechanisms contribute to the decay of charge at th,

and total leakage current is expressed as

bm%mm =dggp * N_:Ebm:nw u N\ + .Nnmzlglom=

where I, is the leakage current through the cell access transistor,
is the tunneling current through thin dielectric material, wa

NnEE.ambw )
the junction leakage current at the storage node,

I o con 1S the leakage current across the field oxide.

As the minimum feature size is scaled—down /; tends to take a smaller
portion of the total leakage current and I_,; . . is usually negligible
due to the thick field oxide as in the trench isolation technique.

Since I, is a strong function of the threshold voltage, increasing Vi, of
the access transistor is an effective and practical method to reduce this

leakage component.
The refresh operation to recharge the cell capacitor is accomplished by
reading and restoring operations for the cell using different control

signals than those used for the normal read/write operations.
A feature of all refresh operations is that the DRAM chip does not send
the cell data out to the external devices.

cell

- Fig. 4.2.2 shows typical timing diagrams for refresh operations called

ROR(RAS - only refresh), CBR( CAS — before — RAS ) refresh and self
refresh.

0AM.H‘}G’/

>&&Hmmm
(a)

RAS . :
o | L nnad
&/ /IUJH
®)
— 100 s

A o W L
&\ — /
wE ] \

(c)

Fig. 4.2.2. Timing diagram for various DRAM nmmnmmmmm,mmmmmmmm,&mﬂz
(a) ROR refresh, (b) CBR refresh, (c) Self refresh.

Features required to select a proper RAM are :

C.

1. Longlife.

9. No need to refresh.

3. Faster.

4. Used as cache memory.

5. Largesize.
PART-2
Static RAM.

ﬁ Questions-Answ

ﬁ Long Answer Type &Em Em&ﬁ: gmé
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Gee 75| What is SRAM ? Explain CMOS SRAM cell gey;,
: stde

; [ AKTU 2020-21, Markg 0

strategy. .

Ansyens .
A SRAM: Refer Q. 4.1, Page 4-2F, Unit-4.

CMOS SRAM cell design strategy :
The various configuration of the static RAM cell is shown in Fig, 4, 3.1

Fig. 4.3.1(a) : Two complementary access switches n.oummmﬁbm of nMqg
pass transistor are implemented to connect the 1-bit SRAM cell t, the

complementary bit lines.

VbD

bit line G

bit line C " bit line C| bit line C
>0 - - Load
1bit
SRAM cell
-
o< WL

(a) Symbolic representation of the (b) Generic circuit topology

two inverter latch circuit

VoD

‘ EZEmm E
NW % R

L

WL WL

(c) Resistive load SRAM cell

bit line C t line C bit line C,

(d) Depletion load nMOS SRAM cell

bit line C Vop bit line C_

n_u
W W

(€) Full CMOS SRAM cel]

e load devices may be polyslico
Mwbmmmaoﬁ or pMOS transistor, g ;

cell.
In Fig. 4.3.1(c) : We use aresistive 1oaq inverters wity,
undopeq Dolysilicon

The resistors can be stacked on top of the cell, there, .

size to four transistors, as opposed t, the six ﬁwmnmmwnww Mm_wosm the ce])
If multiple polysilicon layers are available, gpe Tagar ooty topologies,
gates of the abwmnnm.ﬁmsn type nMOS trangistop srmmb € used for th,
ased for the load resistors and interconnects, € another cap 1,

Fig. 4.3.1(d) : The six transistor depletion Joaq nMOS

easily implemented with one polysilicon and gpe Eow%.wz mma: g
cell size tends to be relatively small, especially with the :w ) M.Em Fm
metal diffusion contacts. se of burieq

The static power consumption of the depletion load SRANM 11
makes it an unsuitable candidate for high density SRAM HAWW_M 3 4

Fig. 4.3.1(e) : The mc.: CMOS SRAM cell are currently most popular dye
to the lowest static power &mm:...m:ob. among the various circyit
configurations and compatibility with current logic process.

er,

Que 4.4. _ Draw the circuit diagram of SRAM and explain read and

write operation.

[AKTU 2017-18, Marks 10
| AKTU 2019-20, Marks 07]

Answer _

A. Circuit diagram of SRAM ;

The circuit diagram of SRAM cell is shown in Fig. 4.4.1.

V. Pull-up transistors
DD (one per column)

line

Word B
Fig. 4.4.1. Circuit topology of the CMOS SRAM cell.
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B. Read operation of SRAM: j
1 Assume Qis initially 0 and thus Q isinitially 1. @ and bit Jip, el
b : 0
should remain 1. g
9 When the word line is raised, bit line C should be pull dowp the
driver and access transistors M; and M. Sﬁ
3. At the same time Cis being pull moib,.bomm @ tends torise. Q jg helg
by M., but raised by current flowing in from M. Hence, the drive 0y
must be stronger than the access transistor M, L ﬁ
4. Specifically, the transistor must be ratioed such that node @ remy:
below the switching threshold of the M /M, inverter. This oonmﬁﬁamw
called read stability. 4
5. Waveforms for the read operation are shown in Fig. 4.4.2 as Gisreaq Ontyg
. a m d
L e e e
0.0 0 I 1 I T T T t
"Fig. 4.4.2. Read operation of SRAM cell.
C. Write operation :
1. AssumeQisinitially 0 and that we wish to write a 1 into the cell. Cis precharg
high and left floating. ¢ is pulled low by a write driver.
2. We know on account of read stability constraint that C will be unablet;

force @ high through M, hence, the cell must be written by @ lov
throughM,.

10 9

0.0 5

1 1 T T T T

u‘—n

Fig. 4.4.3. Write operation of SRAM cell.

es this operatio
M, 0PPOS peration, thus, A7,

must
can be pulled low enough. This ¢ong be weake, than py

traint is cafloq gy, 0 that §
- ssﬁmgmnw
Once @ fallslow, M, gdmom.mnmgmgo ; ]

2 desired,

D.:,.a_. 45- .| Explain read/write Operation of

it cell is used in bigger memory syster,

A Read/write operation of SRAM : Refer . 4.4 Page 4 8F, Unit4
o7 » Unit-4,

4.

g 5059@ cell, moﬂ

B.

L A SRAM chip is made from an array of cells, where each ce]] can stor
C e

one bit information. A cell is made from flip-flop.

A&mﬁv-moﬁmoobmmmﬁowmwNAoH.moE:wmummmS_um.er. .
2. SRAM cell is shown in Fig. 4.5.1. " et ok %.m

3. Since these devices require only power supply to retain the data, the
are also referred as static memory. 1Y

4. Address line is used to select the cell while the data bit is written to (or
read from) the cell using a data bit line.

5. Alarge number of such cells are arranged in matrix form to get biggest
storage capacity.

6. The 61xx family of memory chips is SRAM, where xx in the chip number
represent capacity in kbits, for example, 6116 has 16 kbits (organized as

2k x 8) bits.

Data bit line Data bit' line
(BL) Vpe (BL")
Address line ?
_l
= ﬂ ! L4|
TIL

Fig. 4.5.1. SRAM memory. cells.:
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R, PRE
3
1
1

Mwu 2 . Ou

0 | : 0

L 0

3 | 1 ] ° 1

guENEN RS Sy

Here each bit line consists of a depletion load NAND gogg driven b
A y

some of the row signals.

In normal operation, all word lines are held at .y
except for the selected line, which is pulled moﬂw%%%orﬁww <o__$mm
evel,

If a transistor mw&mnm at the crosspoint of a column
4 that transistor is turned OFF and the column <o=MMM Mww”mmmmﬂm WQM ‘
gh by

the load device.
i ists at that particul -
5. Ifno transistor exis p ar crosspoint, the col 5,
?Emm low by the other nMOS transistors in the B%H”H..vawo%m%mw

b

A ROM:Refer Q. 4.1, Page 4-2F, Unit-4.

B. NAND based ROM array :
1. . Fig.4.6.1 shows a NAND-based ROM array structEee
y g. 4.6. . 6. A logic ‘1’ bit E mnoamm. by the presence of a transistor that can be
deactivated, while a logic ‘0’ bit is stored by a shorted or normally on

transistor at the crosspoint.

The NAND based ROM array can be fabricated initially with a transistor
connection present at every row-column intersection.

A ‘0’ bit is then stored by lowering the threshold voltage of the
corresponding nMOS transistor through a channel implant, so that the
transistor remains on regardless of the gate voltage.

Fig. 4.6.2 shows a sample 4 bit x 4 bit layout of the implant mask NAND

Vop Vb

C
~

o iy

1
»-O
AL
ECES N , g<
iR
I B
cgj
'p

R,
9
N | _I\ | ROM array.
2 I 1 Diffusion lines to Threshold voltage
load devices implant
R, :L | . 2 K
[ I : ; H Polysilicon
m, _, R, __ | 4 . : ¥ Polysilicon
A + 3 L
. - . T = i —1 Polysilicon
Fig. 4.6.1. 4 bit x 4 bit NAND-based ROM array. “tTTT
i " : 1 Polysilicon

Diffusion lines
to GND , o -
Fig. 4.6.2. Implant mask layout of the NAND ROM array: .
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ry cell.

NAND flash memo

| Discuss

Que 48,

/Answer

" By placi i ixte
1. By placing eight or SIX'¢
nm.m:emm by the elimination 0
the eight bit NAND cell struc

fcontacts in cells. The equivalent .:
ture is shown in Fig. 4.8.1. Cire

Bit Line 1

Select Line 1

1

1

1
Word Line 1 __
1

1
I

I

QOHQ Line 2 ||_7 __U
1

I
Word Line 3 — 1 ~___

P—
E—
—
E—

I
I
I
Word Line 4 — ____ Selected cell
__ HIW\\ for write and read _ —
Word Line 5 —} _;\_ 7 = /J: 7
(Selected) I ,_/‘ = \ /_/_U\ .
y = I
: ]l Il H
Word Line 6 _. I \ __U b
f I
: Ll ! \ .
Word Line 7 . __ 1 \ __wu __ \
— -
Word Line 8 ___ ____ \ N__ ___
L] =J _ \
Select Line 2 —— _
— T
Source Line ___ m “- _|_ ___ \
LS e SN IR « WP 3 S S 1

Fig.48.1,

en cells in series, the memory ce]] arel
cmb Wm

Uit o

ﬁ\HQ H. ao-mﬂsuQV

Word line 3 oV #/
Word line 4 oV % F
Word line 5 oV # *
Word line 6 oV W0 =
Word line 7 oV g o
Word line 8 oV i : =
Select line 2 Open m —
Source line Open o ey
p-well 2 20V 0V e
n-sub 20V 0V =

3. .Hrm.z AND cell uses F-N tunneling mechanism for the erase operation.
A high voltage (e.g., 20 V) is applied to source line; p-well 2 mbm
n-substrate while 0 V to all the word lines to eject electrons from the

floating gate to the p-well 2. .
In the programming operation, a high voltage (e.g.,20V)is applied only
moderate voltage (e.g., 10 V)

4.
to the select word line (word line 5) and a
plied to all unselected word lines. The NAND cell uses the pn

is ap
mechanism to program the cell.
ied to the selected word line while 5 Vis

To read the cell data, 0 Vis appl 4
applied to the select lines and all the other unselected word lines.

- Que 4.9. _ Compare the characteristic of NOR and NAND cell.
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Answer. _ P
a Characteristic. NORcell S ZbZ.U cell =
1 Erase method Fowler-N ordheim | Fowler-Nor &552
tunneling tunneling
2. Programming | Hot electron m.ocﬁmw.z, ordhein,
method injection tunneling
3. Erase speed Slow Fast
4. Program speed Fast Slow
5. Read speed Fast Slow
6. Cell size Large Small
7. . Scalability Difficult Easy
8. Application Embedded system Mass meonmmlm/._

 Pipeline Architecture:

d Medium E@HH«G ,ﬁramﬁoﬁw =

into a pipeline structure.

D&w Aurc Examine the process to convert single stage structure

Is pipeline approach significant in reducing

the power consumption ?

‘Answer
1.

In many .%E.momaoum VTCMOS and MTCMOS are infeasible due to
S&Eo_ommn& limitations. Pipelining and hardware replication techniques
offer feasible alternatives for maintaining the system performance.
Consider the single functional block as shown in Fi i i

i g.4.10.1(a) with logic
function F' (INPUT) of input vector, INPUT. ¢
Both input and output vectors are i

3 sampled through
driven by a clock signal CLK. P e
; Sl %Mwﬁ%%ﬂﬂﬁmbmw is fo; ¢ at power supply voltage of Vpp
i b EWHB - - c g . .
1s equal to or less than %or” ump‘\o \wommmSob R s
LK

418F

10.

11.

an.m@un.qv

INPUT

>
»  function

A new input vector is latched into the in i
put registe
cycle, and the output data become valid with mmﬁmﬂwwww oﬂmmwumw%oow

Let C,, be the total capacitance switched eve

. : g clock
total nmvmn;m.dom mqﬁﬁnvom in input register a\m oﬁ%ﬂﬂn”%m% be the
and the capacitance switched to implement the logic function ¥

The dynamic power consumption of this structure can be found as

wu.mm‘u.m.uam = Ltotal * ibb.\owﬂ. TmHOHV

29.& oobwﬂmu an N-stage pipelined structure for implementing the same
logic function. The F (INPUT) has been partitioned into IV successive
stages, and a total of (V — 1) register arrays have been introduced.

If all stages of partitioned function have approximately equal delays of

(input — to - output)
=Tk (4102) .

Ry Tk
au@%mr:m-mwmmmv = _bm "
0 successive registers can operate
he same functional throughput as
to effectively slow

Then the logic blocks between tw
N-times slower while maintaining t
before i.e., Vp, can be reduced to value of Vpp oo
down the circuit by factor of N.

The dynamic power consumption of N-stage pipelin
low V,,,, and with same functional throughput as
structure can be found as

ed structure with
the single stage
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13.

14.

Low-power. cM os Logic

A19F BC-Sey,

P = TCar T WwN-1 Qﬂmﬂ..fd\w.bb —.—miNW.OEm ...Anm.u.o.wV
pipeline ¢ ched by each pipeline register.

= Capacitance S p ; s
ap chieved in a N-stage pipeline mgdon:um

C
‘Where, reg Hmmﬁc tion WNO&OH al

Then, the power

15
HQ + AZI HvQBm_ d\bnbbmi : \.OEA l #HH + Qam AZ _ Hvu_ d\%b s

Pign - 1w T R T e
Nu_,_ﬁ__ = Corm V2, foix Cotar Ve
reference . ...AA. HO.AV

A total of (V — 1) register arrays have to be added to convert Origing
° . 3 .

single-stage structure into a pipeline. ! |

With little area overhead, this approach also increases the la tency fron
obﬂm to N-clock cycles, but latency is not a very significant concerp_

O:.nsnm N@W&tﬁ@? Overview of Poyey.

- Consumption.

Srdedeaeti ;

Que 4.11. | What are the sources of power dissipation in CMQOg

c»uo&am ? Explain dynamic and static power consumption.

_ AKTU 2017-18, Marks 10 _

OR

Describe leakage (static) power dissipation and dynamic power

dissipation.

_ AKTU 2018-19, HSNHWchI_

OR

Explain various types of power dissipation in CMOS circuits.

| AKTU 2019-20, Marks 07|

A

1L
A
a.

Sources of power dissipation :

Power dissipation in CMOS circuits comes from two components :
Dynamic dissipation due to :

Charging and discharging load capacitances as gates switch.

Sem;
n:oouaco«oa Meg, \
Origg

circuit” current while both PMOS ang nMog
Stacks ape
Um&w:w

ON-
static
mﬁvﬁﬁmm&o_m leakage through QFp transistopg
Gate Jeakage through gate dielectric, ;
Junction leakage from source/drain diffugiqn
Cont ention current in ratioed circuits,

dissipation due to :

putting this together gives the total powey of a circuit
Piynamic = Powitching + P short circyi

Potatic = Loy + 1, + e Honteion)V,

Pioar= Papnamic + P static u

o Power can also be considered in active, mﬂmbmvw and sleep mog
. modes,

Active power is the power consumed while ¢ .9 f
work. It is usually dominated by P he chip is doing usefy]
ing
is the power consumed whil P
4. MHNHHQUM\ power .\—M ! ] ed while the chi .
stopped and ratioed circuits are &mmzmwv the mnw%mymmw”«qmmﬁnwm are
leakage- ety

5. In sleep mode, the supplies to unneeded circ
eliminate leakage. This drastically reduces the
put the chip requires time and energy to wake
viable if the chip will idle for long enough.

uits are turned off to
sleep power required,
up so sleeping is only

B. Static power consumption :

1. Considering the static CMOS inverter shown in Fig.4.11.1, ifthe input
=0, the associated nMOS transistor is OFF and the pMOS transistor is
ON. The output voltage is V, of logic ‘1", 3

2. When the input = ‘1’, the associated nMOS transistor is ON and the
pMOS transistor is OFF. The output voltage is 0 volts (GND).

3. Note that one of the transistors is always OFF when the gate isin either
of these logic states. Ideally, no current flows through the OFF transistor
so the power dissipation is zero when the circuit is quiescent, i.e., when
no transistors are switching.

4. Zero quiescent power dissipation is principle advantage of OKOm over
competing transistor technologies. However, secondary effects including
subthreshold conduction, tunneling and leakage lead to small amounts
of static current flowing through the OFF transistor.

5. Assuming the leakage currentis constant so F.mewwgumo:m M:m»%ﬂhmh
power are the same; the static power dissipation1s EPRORCS

leakage current and the supply voltage.



pMOS

g 1 WIO
\ 0 1
: t BHSOm ’ @ nMOS

P static = Lstatic <Ub
ption :

‘Fig. 411.1.

jc power consum : .
dynamic dissipation component is charging the

load C is switched between GND anq v, Mmg
a

B. Dynam

The primary

H.. capacitance. Suppose @

average frequency of four .

any given interval of time 7, the load will be charged anq &mngwa

2. Oéﬁnm,um. Current flows from Vpp, to the load to charge i, Curmy

NMMM flows from the load to GND during discharge.

In one complete ovﬁmm\mmmnrmﬂmw cycle, a total charge of @ < Q<§ i\
thus transferred from Vpp, to i

4 The average dynamic power dissipation is
. 17, <&-<€ﬁ A
Paamic = stS > -ﬂ%s; ) (411

Taking the integral of the current over some interval T as the toty
charge delivered during that time, we simplify to

v,
’ Mvmvﬂmnd.mn = IINU.._bﬁﬁ.VﬁuE%bbu = %bbm sw

5. Because most gates do not switch every clock cycle, it is often more
convenient to express switching frequency £, as an activity factor ¢
times the clock frequency f. Now, the dynamic power dissipation mayhe
rewritten as:

Py

ynamic

(4113

= a CVpp2f (4114)

oﬁhﬁ. Calculate the average dynamic switching power

consumption in CMOS logic circuits.

Answer

1. Switching power dissipation represents the power dissipated during?
switching event,

N- . .
% During charge-up Phase, the output node charges upto Vj, and on¢

half of energy drawn frr issi e
. om power supply is dissipated as heat In
conducting pMOS transistors, Y uv

L=

=g

10.

11.

man:noumcaga Memorieg

isdrawn ».HOHD ower .
No energy 1s ar P s supply duams
energy stored in output capacitance is &m&vmﬂ%mmw dow
aMOS transistors. s hoot
For the dynamic power dissipation d
is shown in Fig. 4.12.1.

1n Fig. 4. 12.1 the two-input NOR
interconnection lines. -

'0-Phase; stij)
n nouma&bw

Uring switching consider the Circuit

gate driving two NAND gates through

N\

77777
Power consuming
transition at output node

>

HI O&EB

 Fig. 41217
The total capacitive load at the output of NOR gate consists of :
Output node capacitance of the gate itself.
The total interconnect capacitance.

H Om._v:.

N

H Ow_u_.n

The input capacitance of driven gates.

The average dynamic (switching) power consumption in CMOS logic
circuitsis,
P =50,V
Javg T ' “load ¥ DD

or, Poe. = Cioaa Voplork (4122)
wD

v 1S independent of all transistor characteristics and sizes as longasa
w::«é#mmm swing is between 0 and

..(412.1)

V
DD
We will introduce ap (node transition factor), which is the effective
number of power consuming voltage transitions experienced per clock
cycle.
Py =07 Claa Vpfork ~(4.12.3)

In complex CMOS logic, nodes also makes full or partial voltage
transitions. Since there is a parasitic capacitance associated with each
internal node, these internal transitions contribute to the overall power
dissipation of the circuit.

An internal node may undergo several transitions while the output
node voltage of the circuit remains unchanged as shown in Fig. 4.12.2.
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[ Fig412.2.]

\Zo.onz&«m o <J N \.
12. Now, Nz«.ur .“M anC; Q i i
iaa.m V. = Internal node voltage swing < full voltage swing of y
’ = 4

C. = Parasitic capacitance associated with each node bp
.=

D:mw 1. | Analyze the CMOS. inverter circuit for short-circyj

c,o.ﬂmn. dissipation during the switching events across the nMqg
\ and pMOS transistors. -

Answer
= xﬁ.mgﬁo S inverter is driven with input voltage €m<mm9..8m with finite
rise and fall times, both nMOS and pMOS may conduct simultaneousy
for a short amount of time, forming direct current path between power

supply and the ground as shown in Fig. 4.13.1.

Voo
Short ciruit
ot pMOS N/
— <~=:
Vs v |_|
/L nMOS Choua
Input singnal with H
finite rise and fall time % =
- Fig. 4.13.1.
2. Em.&nmnn current does not contribute to the charging of capacitances
and is called the short-circuit current component.
3.

The magnitude of short-circuit current component will be approximately

ermmgmmémwoggm... .. ..
tiansition. rising input transition and falling input

|

Semiconductyy Memories
MOS also conducts current needed to

4 :tance, but only during the ».&mbm.mbucznmuomﬂwwww output loag
MOS inverter with k= k,=k V, = _<.

= 1), the time averaged short circuit " T,p| =V, ang

t current drawp from the

Let 2 C
o= Thall T
Mmﬁmmw supply 18

.. Hma\.
t)= —. CLK
y o (short circuit) 2V (Vop — 2V,
Hence, the short-circuit power dissipation becomes

1
Poe. (short-circuit) = 2 kot for V- 2V,)3

.(4.13)

-(4.13.2)

Proportional to the input
Qm_.umooumaoambom of the
on times will decrease the

The mwol-nw.n&n power dissipation is linearly
signal rise and fall times, and also to the
¢ransistors- Hence reducing the input transitj
mrone-nr.nc# current component.

Consider the CMOS inverter with large output capacitance and smal]
input transition times.

During the rising input @.mﬁmm.aoj the output voltage is Vpp until the
input voltage completes its swing i.e., input reaches to its final value,

Both nMOS and chm. are ON during transition, the pMOS transistor
cannot conduct a mamEmnm.Ja amount of current since the voltage drop
petween its source and drain is almost zero.

10. Similarly the output <o:mmw <S= remain at approximately 0 V during the
falling input transition and it will start to rise only after the input voltage
completes its swing.

11. The peak value of supply current to charge up the output load capadiianes
is larger in this case.

12. This is because pMOS transistor remains in saturation during entire

input transition as opposed to previous case where transistor leaves the ,

saturation region before the input transition is completed.

]

Que 4.14. | Discuss the reverse leakage current paths and sub-

threshold leakage current path in CMOS inverter with high input
voltage condition.

1.  The nMOS and pMOS used in CMOS generally have non-zero reverse
leakage and sub-threshold currents.

»

These currents contribute to overall power dissipation even when
transistors are not undergoing any switching event.

3. Consider a CMOS inverter with high input voltage, nMOS is turned ON
and output discharged to zero.

i/
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25T BOSey,

there will be a reverse potential diffey,

ODGQ of

- 4 AlthoughpMOSis OFF d the n-well causing diode leakage throygy, th
8

10.

where, V.

V,p between its drain an

drain junction. . 3 .
The n-well region of pMOS is also reverse-biased with V) with . Spegy

fore another significant leakage
Mwhmwwﬂwnm MMMNNMM@MMMMM?.W n-well junction as shown in Wmm. MM.M%
A similar situation can be observed when the input voltage is zep,
the output voltage is charged up to Vy, through pMOS.
Then, the reverse potential difference between %Om drain an m.u.aam
mccmmnmﬁm causes reverse leakage current which is also drawn fron

power supply (through pMOS).

_ Con ™
nMOS - ON H @w@Om - OFE. v
Vi i oD
¥ Il ) A
+ =1

o/ o/ By \p/ \ o’

0, anq

d
e
s ————— e
.7 Reverse leakage
/
4

g n-well

7

K
p-type substrate

<
Fig. 4.14.1.

The reverse leakage current of p-n junction is expressed by,

(e
Ad (e -1 (4.141)

1

reverse

bias = RR@Verse bias voltage across the junction

Jg n\wm«,mnmm saturation current density
='1-5 pA/um?
A = Junction area

Jgincreases quite significantly with temperature. The reverse leakage

M_nmwam even during the standby operation when no switching takes
e.

Another component of leakage is sub-threshold current due to carrier

Mﬁﬁﬂob In weak inversion. This current exhibits an exponential
ependence on the gate voltage.

]

h\&m F aO.mmB.S

11.

12.

13.

14.

anzno:mcsﬁ gmsozmm

t become signify
ﬁ_u-aﬁmmro_m curren ignificant whep
m._ less than or equal to threshold voltage of %inmmm.S

m:c.ﬁﬁmmwoﬁ current can occur even whe
in the circuit as shown in Fig. 4.14.9,

— CouZ
. ® pMOS - OFF

-to-source voltage

n thereis no SWitching actjy; ty

nMOS - ON

L uu\s <§uoa Vo) Ve

) WA e
Sub-threshold

leakage current

n-well

p-type substrate

ulfH

F

g

g. 4.14.2.

gD Wxn, % Ly gy,

I (sub-threshold) = 7 -etT . ghT .(4.14.2)
B

To limit sub-threshold current avoid very low ﬁ:.mmwoi voltages,

although with some speed penalty. That’s why the Vs 0 nMOS remain

safely below V. when the input islogic zero and | Vg | of pMOS safely

below |V, | when input is logic one.

The total power dissipation in CMOS digital circuit is
Pyya1= o7 Cioaq- Vipp-forx + Voo

eronn nﬁnﬁn+ Nmemmm + ngmnv

denotes the DC current component drawn from the power supply. -

.(4.14.3)

Nmaamn

Que 4.15. _ Explain the variable threshold CMOS circuits.

[AKTU 2017-18, Marks 10|

OR -

Briefly explain variable threshold CMOS (VICMOS) circuit.
[AKTU 2019-20, Marks 07 |




|
|
.
|
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‘Answer _

1. In VICMOS (Variable-Threshold CMOS) circuit, the transistopg

designed inherently with low V, and substrate Emm voltages of sgmoamm
and MWAOm are generated by a variable substrate bias contro] circuit o
shown in Fig. 4.15.1.
i i 2V 2 V in active mod
0.2 V in active mode Vo= i —
V=106 V in stand-by mode = 4V in stand-by mogq
Vo] Vs Substrate biag

control circuit

|
V.= 0.2 V in active mode !
™~ 10.5 V in stand-by mode

0 Vin active mode

Vg, = -2 V in stand-by mode

"]

Fig. 4.15.1.

2. Inactive mode substrate bias voltage of nMOS is Vg, = 0 and substrate
bias voltage of pMOS is Vg, = Vpp- Thus, inverter circuit do not experience
any back gate bias effect.

3. The circuit with low Vpp and V. benefits both low power dissipation (due
to low Vp,;)) and high switching speed (due to low Vo).

4. Wheninverter circuit in stand-by mode, the substrate bias control circuit
generates a lower substrate bias voltage for nMOS and higher for pMOS.

Asaresult the magnitude of V., and <.§ increases due to back gate bias
effect.

5. Since, the sub-threshold leakage current drops exponentially with
increasing Vi, the leakage power in stand-by mode can be reduced.

VTCMOS is also used for automatic control of V. which is called self-
adjusting threshold voltage scheme (SATS).

VTCMOS requires twin/triple well CMOS technology to provide different
substrate bias voltage to different parts of the chip.

Also, separate power pins may be required if substrate bias voltage

levels are not generated on chip. The additional area is still negligible
compared to overall chip area.

@:mm.ﬂ.m._ Discuss the low power MTCMOS VLSI design
techniques.

7

b\Nm F ao.mmﬁb-qV

OR

ain the following circuits :
Mécwlmv_m threshold CMOS circuitg
¥ Multiple threshold CMOS circuyitg,

A VTCMOS : Refer Q. 4.15, Page 4-26F, Unit.4,
B. MTCMOS: .
) MTCMOS VLSI design technique which can be

leakage currents in low voltage cireuit
different Vin the circuit.

The low Vp nnmbmm.meonm mnm.@vwnm:w used to design the Jog;

2. switching m.vmmm is mmmmbﬁmr whereas high Ve ﬁmummmﬂwmmhmm where
effectively isolate the logic gates in stand-by and to revent _cwwm to
dissipation. €akage

. applied for
S 1n stang-

3%55
by mode is based oM

CMOS logic
with low V,

Stand-by |,_ ww\mhwwq
n

Fig. 4.16.1.

3. The circuit structure of Multiple Threshold CMOS (MTCMOS) is shown
inFig. 4.16.1.

4. In active mode, the high Vi, transistors are turned ON and nr.m t.m.ma
gates consisting of low V, transistors can operate with low switching
power dissipation and small propagation delay.

5. In stand-by-mode, the high V, transistors are turned OFF and the

- conduction paths for any subthreshold leakage currents that may

originate from the internal low V circuitry are effectively cut-off.
6. AD-latch circuit designed with the MTCMOS is shown in Fig. .».S.w.
7. The path from input to output consists of low §.§mumm.m8~mwﬂwﬂ”m“~%nﬁ
coupled inverter pair consisting of high Vytransistors 15 use
the data in stand-by mode.
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8. MTCMOSis conceptually mwmmwn than VICMOS which usually requireg
substrate bias control mechanism.
Voo
Stand-by— —
low V.

=== IR s l_b\ section

Vao 3
=

Fig. 4.16.2.

9. The disadvantage of MTCMOS is the presence of series-connected stand-
by transistors, which increase the overall circuit area and also add extra

parasitic capacitance and delay.

Que 4.17. _ Explain parallel processing method.
OR
Discuss the various design techniques involved in low power CMOS

VLSI circuits. [AKTU 2020-21, Marks 07|

Answer _

A. Design techniques : Refer Q. 4.15, Page 4-26F, Q. 4.16, Page 4-27F;
Unit-4.

B. Parallel processing approach :

1. Another method for trading off area for low power dissipation is to use
parallelism or hardware replication. Consider N identical processing
element with function F (INPUT) each in parallel as shown in
Fig.4.17.1.

2. The consecutive input vectors arrive at same rate asin single stage case
and are routed to all registers of the N processing blocks.

3. Gated clock signals, with period NT x are used to load each register
every N clock cycles.

6. The output of the N processing blocks are multiplexed and send to

7. The timing diagram of this parallel arrangement is shown in Fig. 4.17.2.

430 F (EC-Sem-7)

factor of N.

5t This implies that the V,_ can be
equals the new clock vmw_.bon . M.ZMM.M:SQ unti] the Critica] path
: delay

.H\O.J
gic funct; 1
INPUT = D" T T ,ﬂ
e |
CLK 1(F,/N)
Logic functi
T > on
INPU P2
CLK 2(F /N
| " — OUTPUT
e o
INPUT Logic function Selcet Fo,
I'/PN =
CLK N(F/N)
Fig. 4.17.1.

output register ensuring the same data throughput rate as before.

CLK

e
e e e e e e et i

CLKN

Fig. 4172



431 F (EC-Sem.7,
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- . oot the parallel structure i
¢ power dissipation of ! e 1is founq
5 me m%»ﬁ“ﬂﬁ issipated by the input registers and logic blocks MM
fa N, and output register operating at clock

clock frequency of
frequency of fers:
fax
Nuuﬁ.mcm MZ.QSB_.a\NUDRﬂ. N +OB@ ﬁbb.ﬂs\.o;n
{ C 3
= rHimhml Qconmu . ahbp new \.OFN
ozl

9. The amount of power reduction achievable in N-block paralle)

implementation is

a\quunl \ QEwJ
.H+ &

Swu QSE

B _
P, reference
Two consequences of this approach are incre
latency.
11. Atotalof N identical processing blocks mus
operating speed by a factor of N.
12. Actually the silicon area will grow even faster than the number of
processors because of signal routing and overhead circuitry.

Low-power Design Through Voltage Scaling.

5 ased area and the increased

t be used to slow down the

5 P ,.Woﬁmm&mbm.gmnm

wer Type and Medium Answer Type Questions |

Que A.Hw»_ Examine the effects of reducing V,,, upon switching

power consumption and dynamic performance of the gate. Discuss
influence of voltage scaling on power and delay in low-power design.

Answer _

1. ”Em reduction of .SE reduces the dynamic power dissipation. This can
e seen by following expressions for CMOS inverter circuit.

&\wNHﬂ (EC-Sem-7)
S
: _. . mESE:SSEmEo:mw
L T Lo ol Vo=V, )
nt oo w,L_.<§|<? r</?_lwi
bp
Cini 2v,,| (
(723 iy =2 AV -V, |
5 Voo =[Ve,) <g-3,_jg</i
bp

9. If power supply voltage is scaled down whil

constant, the propagation delay time would ¢ other Parameters kept

g increase,
3. ﬂwmmmmvwmeBMm of circuit speed on Vpps may also i
relationship between dynamic power dissipation mbmmmm Jpncm:om the
4. Ifthecircuitis .&.SN.Nm operatedatf, allowedb its Py olage
the number of switching events per sbm pras sz Its propagation delay,

delay becomes larger with the reduction of V drop asthe propagation
DD

5. The above expressions for dela
. y shows that .
wmmco_bm. Vppupon the delay can be SB@mumme%Mrummmgm effect of
is scaled down accordingly. e threshold voltage

6. As shown in Fig. 4.18.1 reducin,
i g the threshol
0.2 V can improve the delay at V,,, =2V ww momMoMMWMW m Lm0

14.0

V,=08V

12.0-

10.0}-

8.0 |-

6.0 -

4.0 |-

2.0 |

! 1 1
1.0 2.0 3.0 4.0 5.0 6.0

Power supply Voltage Voo V) -

Fig. 4.18.1. Variation of the normalized propagation delay of ,wm..w
CMOS inverter, as a function of the power supply voltage ¥V, and
nrm.s:.mmr&m voltage V. Yo

0.0
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ficant concerns about noise Marging , )
n

, i ise signi
, w V.. transistors rais
" me.suwmmro_m conduction.

8. Smaller S._Sm to smaller noise margins for CMOS logic gates, input voltage conditiop.

For V;p<0.2 V leakage due to subthreshold conduction in mnm:m&w Mod Afid: Refer Q. 4.14.
<0

iomi t component of overall power consumpt; .
become a very significan p Mptiop, Q.8. Discuss the various design

power CMOS VLSI circuitg, techniques involyeq
Ang: Refer Q. 4.17.

.m.&?&?nﬂ_ westions are very important. These question,
" may be asked in your SESSIONALS as wellas -
" UNIVERSITY EXAMINATION,

©0©

o

Q.1. What is semiconductor memory ? Also explain its types.
Ang Refer Q. 4.1.

Q.2. What is SRAM ? Explain CMOS SRAM cell design strategy.
AnE: Refer Q. 4.3.

m Q.3. Draw the circuit diagram of SRAM and explain read and
" write operation.

M Ang Refer Q. 4.4.

|

Q.4. Explain flash memory.
Arng:. Refer Q. 4.7.

Q.5. m..xw.smum the process to convert single stage structure into
a pipeline structure. Is pipeline approach significant in

reducing the power consumption ?
A#E Refer Q. 4.10.

Q.6. What are the sources of power dissipation in CMOS

Sorouits ? Bxplain & i i tion.
Ang. Refer Q. 4.11. ynamic and static power consump

|

&%‘7:3
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T

ﬂo.m.m.\_ Enlist the different kinds of phys;
can occur on a CMOS circuits,

cal defect (faults) tha¢

Boewer |

L

L M = EI TR

S B

g g,

i
i
i

" The physical defects include :
Defects in silicon substrate.
Photolithographic defects.

Mask contamination and scratches,
Process variations and abnormalities,
Oxide defects.

The physical defects can cause electrj
electrical faults include :

Shorts (bridging faults).
Opens.

Transistor stuck-on, stuck-open.

cal faults and logical faults. The

Resistive shorts and opens.
Excessive change in threshold voltage.
Excessive steady-state currents.

ﬁﬁ.w electrical faults in turn can be translated into logical faults. The
logical faults include -

Logical stuck-at-0 or stuck-at-1.
Slower transition (delay fault).
?Ab-vammubm“ OR-bridging.

g Give a logic circuit example in which stuck-at-0 fault
and stuck-at-]1 fault are indistinguishable.

e e o
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VLSI Design Qo.mms,d
wer _ : .
H»Pﬁmméa the circuit shown below, the output function is
) F=ab+ ac

9. Thus the AND gate
and stuck at 0 fault

oD

oo op|

with b, ¢ as input is redundant. So stuck
are indistinguishable at node X.

¢1 fayy

Fig. 5.2.1.

.M-u‘m.w..u.ﬂl_ Differentiate between single stuck at fault and my] tiple
stuck at fault.

‘Answer _

simulation is less.

S.No.| Single stuck at fault Multiple stuck at fault |
j,/
1. | Insinglestuck at fault there In Multiple stuck at fault there are
is only two faults per line, | more than two faults per line.
stuck-at-1 and stuck-at-0.
2. | Complexity in single stuck | Complexity of multiple fault

simulation increases with increase
in number of faults being handled

together.

PART-2

 Functional Modeling at the Logic Level, Functional

Modeling at the Register.

Questions-Answers

: ,H.H.ouw, wumﬁougo and Medium Answer Type Questions

Eaae . (¢

(EC-Sem-7)

And digital system can be represe;
the input to produce its output, eilof ok box whi
ch Procesgeg

t
Inpu System

Output

Fig. 54,17

3. The value of the outputs varies with inputs and a cert
e

i ion i 3 ain delay exi
The logic function is the input-output mapp; Y exists.
transformation. apping that deals with the alye
1t makes the relationship between input ang output value of .
ot a circuit,

It does not talk about any timing aspect.

>

Simulation implies calculation of the output (response) of a circuit,
) ] uit,

Functional models provide the information for simulation,

It can be done at two levels :

Logic level.

TP O ® NS ;

RTL (program) level.

Que 5.5. _ What are the different functional model at logic level ? -

Answer _

Different functional model at logic levels are :
i. Truth table:
1. It is representation of the function in terms of rows and columns.
2. Itis the simplest way to represent a circuit.

3. Inboolean arithmetic, the possible values are 0 and 1. So for ann:
gate, number of possible outcomes = 2",
an increment of 1 from 0to2" -

-input

4. The inputs are given in 1in boolean

form :
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Primitive cubes: Primitive cubes are compressed form of truth tablq

Binary Decision Diagram (BDD) :
BDD is a way to reduce the number of entries for describing th tiregy

It can determine the output by simple graph traversal procedy, &

Programming model :
All the combinational elements in circuit can be representeq j, .

programming model.

Any logic function is expressed in terms of basic logic operationg namely,
NOT

AND, NAND

OR, NOR

EXOR, EXNOR.

Assembly coding is an example of programming model.

Que 5.6. _ Write a short note on RTL model.

Answer

L

bl

RTL is a type of Hardware Description Language (HDL).
It is used in describing the registers of a computer or digital electronic
system, and the way in which data is transferred between them.

In this we make HDL models of registered circuits and how signals
interact between them such as memories, flip-flops, latches and shift
register.

RTL codes are fully synthesizable (can be realized in hardware), because
they are written using basic HDL structures.

RTL models are characterized as functional, because they emphasize
functional description while providing only summary about structural

circuits.
PART-3

Structural Model and Level and Modeling.

Questions-Answers

» Long Answer Type and Medium Answer Type Questions |

5-6F (EC-Sem-7)

@\:a\mj Explain structura] Modeling,

1. In this modeling, an entity jg describegq a
" components. A component instant;at Sa

. set of ES,
ion g . “erconneg
statement. Therefore, the order of these wSNM”EmR I8 g 8525““

ents ig not impo rtant
~ 0

The structural style of modeling describes

. only an :
components (viewed as black boxes), without ; Mmms.sﬁmgogm&ou of
the components themselves nor of g, entity Ewwmrmaw behavior o
represent. ey Szm&ﬁ_w

In structural modeling, architecture hog ;
declarative part (before the keyword vwmw:avo .M%
(after the keyword begin).

Que 5.8. _ Differentiate between behaviora] and stry odeling
ctural modeling,

Answer _
S. No.

1. |A way of mmmﬁ..:&bm the [A way of describing functions
function of a Qmwﬁd. asaset | defined using basic components
of concurrent algorithms. such as inverters, multiplexers

adders, decoders and basic logic
gates.

osed of two parts: the
d the statement part

Behavioral model

Structural model,

2. |It is called black box Hﬁmnm:mmw_mmmvoxném%um.
modeling.

3. It focuses on showing the | Itfocuseson constructing the design
relationships between input using logic gates and predefined
and outputs. modules.

PART-4

Design for Testability. - S

Questions-Answers

Long Answer Type and E@EE: Emﬂﬁ. Type Questions
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VLSI Design
te a short note on VLSI testing.

Answer.
1. . Following thre
the test engineer an
The complexity of VLSI systems.

e surface of the chip, other than over the -
s layer and thus, circuit nodes cannot he E.om

e factors conspire to create considerable difficy]

. . = ﬁ-
d indeed, for the designer testing His own Eonhmwvm:
s:

b. The fact that the entir

sealed by an over glas

for monitoring.

With minor exceptions, there is no way that the circuit can be modifieq

during tests to make it work.

1t is also essential for faults to be @mnmnn.mm as early as possible in the

manufacturing of a system. A relationship, known as the “rule of ten”

tends to apply as far as test costs are concerned.

If the chip test cost =x, then once that chip is soldered into a PCB with

other components, test cost = 10x.

Further once that board is integrated into a system, then the test cogt

increases further by factor of ten to test cost = 100x.

5. Finally a factor which is often overlooked is that test costs may increase
further by factor of ten when the equipment/system is in service in the
field.

6. Thus, chip design and fabrication mistakes can be very costly both in
terms of time and money. So testability is very important.

) is

vmm

wbﬂm 5.10. | What is need of VLSI testing ? Discuss about functional

and manufacturing tests. AKTU 2017-18, Marks 10

Answer _

A. Need of VLSI testing :

1. To ensure high yield and proper detection of faulty chips after
manufacturing.

2. Toachieve high quality manufacturing with acceptable cost.
B. Functional test :
1. Thefirst set of tests verifies that the chip performs its intended function-

m.wmmm tests, called functionality tests or logic verification, are run before
ape out to verify the functionality of the circuit.

<¢1mom$ob tests are usually the firg

QWHHHQ Qﬁm.umn process. Signer nobmeu.ﬂnﬁ =
verification emmMm Were required to proy, th &
%waﬁﬁﬁou was functionally equivalent @ at g $yntheg;

- 1 equivalence invo]
m;:uaﬁoﬁm ? volves runpj !
descriptions of the chip (e.g., one at the mmﬂmm a simulatg,
level) mb& ensuring that z.ﬁ outputs are mpﬁw m_ﬂ
check points in time for all inputsg applied, alent at g

One can check functional equivalence o
Jevels of the design hierarchy. If the %mon%mMW Stiuulation gy Various
pehavior at a system level may be able t, be ?:.m atthe Ry, level, the

Manufacturing tests : Y Verified,

The mmoodm set of tests <mﬁmmm that every traps: ;
element in the chip functions aoﬂm&%ﬁ?ﬂ%ﬁ%ﬁ 8ate, and storage
each manufactured chip before shipping to the Smnwhﬂ Mmumc.nmw& 2.
.<ozz§u

the silicon is completely intact. These are called man

: ufacturi
The functionality tests seek to confirm th g teta,

: e functi :
whereas, manufacturing tests are used to verify %MMMM chip asa whol,
as expected. Ty gate operates

.The need to do this arises from a number of manufacturi
. ’ . . cturin,
might occur during either chip fabrication or accelerated mMmWMMwn Mﬁ

Tests are required to verify that each gate and register ;
and has not been compromised by a Ewb&mgsg.ummgm%mmw R

Tests can be carried out at the wafer level to eliminate bad dj

§ B
be left until the parts are packaged. This decision would uoﬂwmmww MM
determined by the yield and package cost.

PART-5 |

Ad-Hoc Design for Testability Techniques.

Que 5.11. _ Explain the Ad-Hoc testable design techniques.

OR

Explain the following :

i

1,

Ad Hoc testable design techniques.
Fault types and models.
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‘Answer
A Ad-Hoc testable design techniques:

1

po»

e

=8

One way to increase the testability is to make nodes more ac
some cost by physically inserting more access circuits tq t
design.

Ad-Hoc testable design techniques are given as :

Partition-and-MUX technique :

Since the sequence of many serial gates, functional blocks
circuits are difficult to test, such circuits can be Partitioneq
multiplexers can be inserted such that some of the primary input ang
be fed to partitioned parts through multiplexers with accessible oom Can
signals. ntro]
With this design technique, the number of accessible nodes cayp b
increased and the number of test patterns can be reduced. *

Cessible
a
he ‘ozﬂsmw

> Or ~N~.Wm

control 1 control 2

E‘lﬂgn HTimsvﬁ.u.ﬁmn MT MUX 1 E MUX 2 L« 0UT

7

:Fig. 5.11.1. Partition-and-MUX method for large circuits.

Initialize sequential circuit :

When the sequential circuit is powered up, its initial state can be a
random, unknown state.

In this case, it is not possible to start the test sequence correctly.

The state of a sequential circuit can be brought to a known state through
initialization. Initialization can be easily done by connecting asynchronous
preset or clear-input signals from primary or controllable input to flip-
flops or latches.

Disable internal oscillators or clocks :

To avoid synchronization problems during testing, internal oscillators
and clocks should be disabled.

For example, rather than connecting the circuit directly to the on-chip
oscillator, the clock signal can be ORed with a disabling signal followed
by an insertion of a testing signal as shown in Fig. 5.11.2.

orao,aum.mom.v
fthe Oscillatoy.

Fig. 5.11.2. Avoid gy,
mu.mmEFm o Toblemg va
void delay-dependin B o S
d A g logic . Chaing

design in delay times and use AN S of inverte
input to generate pulses. OPeration of hq; oﬁwww b ugeq 1
S elong wigy

1 %

— 1 s
Fig. 5.11.3. A puise.
using a delay chaip

mmH‘Hmmwmg.m?Em;

of three inverters.

B. Fault types and models : Refer Q. 5.1, Page 5.9F Unit-2
PART-6 |cii,ini e

: Oczuﬁomn?.&@ and O@%Emv&&.ﬂ :

Que stio

~ Long Answer Type wﬂm gommﬁg

Que 5.12. _ Explain the concept of observability, controllability and

predictability.

OR
Explain the term controllability and observability in detail.
[ARTU 202021, Marks 07

[AKTU 2017-18, Marks 10]

AR



et e

memlm?rn.w. : st which it can be observed that noq
o_amZ%EQ Hmwwo&n operates correctly. o Outpy
integrate i
L ity is usefull, when 8 o mu_mw_.ummmu gmm 0 measure the oy
oﬁ%@%@&&&%ﬁ:ﬁsgg 1is correct operation, tofy
m&”&ﬂwcmmimc ility indicates less number of cycles is require t, Tegg
H‘Hmm. er Wﬂ e Em
ut node vaiue: i .
M:% <+ having DOOT observability includes sequentia] circuijt With
ireul on,
feedback of 100 ps. :
3 .G% "
Oou_u.o:mw_r ; L. S
. % ) de within a chip ;
ty of an internal oz.sw; no Chipisam
%ﬁw“ﬂﬂﬂwmgm the node to logic 1 or O state. Casure of
This is important when mm.mmmm.EW the degree of difficulty of testin,
particular signal within a cireuit. . h
: de would be directly settable via an ;
An easily controllable node s aninput paq,
- ode with ittle controllability may take hundreds of cycle to get :ﬁh
right state.

Masking of all flip-flops resettable via a global reset signal is gpe Siis
toward good controllability.

Predictability :

Predictability is the ability to obtain known output values in response t,
given input stimuli.

This is the case with which the network being tested can be placedina

known state.
There are some factors e ., initial state of a circuit, race around condition

etc. which may affect the predictability.

B—Smuw Explain the scan based techniques.

[AKTU 2018-19, Marks 05

OR

ﬂnv_&u the following :
L Scan Based Technique.

ii.  Fault types and models.

[AKTU 2019-20, Marks 07

OR

With ;
1th the help of suitable diagram explain scan based techniqué-

[AKTU 2020-21, Marks 0"

1

wE=

A
1.

&wbm%nm. o

mowbtwwmmm technique ;
design technique
The scan =S, ques are gtpy
sequential circults sothat testability i mﬁ% d
T i :
e major difficulty in sequentia] ciper:
ﬁmg& state of the circuit, ircuit o

Scan design technique are directeq

mﬁbm.

I’ frop the Outset

isin anma_.bmbw th
e

i : atimproy;
observability of the internal states, Proving the controllabilipy 5 g
an

The scan path:
The sequential circuit for scan path jg shown in

i ; Fig.5,
Scan path design nwovn.:acmm configure the Jogic o 13.1.
outputs of the combinational part can be mSmmmwmm mMM MM& {
es

Wm mbﬁﬁﬁm and
torage elemept

reconfigured to form a shift register knowy as the scan patp,
path,

Inputs

1

Combinational
logic

Outputs

Scan in

S —9

Scan out
A

Mode A ¢ \
Test/ normal A, Clock

Clear
Fig. 5.13.1. Sequential circuit configured for.

The storage elements are usually D, JK, or RS
the classical structure being modified by the a
multiplexer on the data input.

scan path testing:

flip-flop elements with

ddition of a two way

{
1
)
¢
|
3
il




5-13 F EC

Sey,
D flip-flop has been shown wiz, the

1)

asic P nl .m&am .
In figure 2 N,?m configuration is commonly known ag gy, EE_M Ay
4. a Eﬁmﬁmmummn.. m&mﬂma
D) E?m%wa& circuit oobemmbwwm the scan patp has ty, o
5. The o normal and a test mode. o
operd

i
6. The noummcnmnm Fig. 5.13.2(b) normal and test moqe red S set oyt

ion associated with each basic o

Fig. 5.13.2(a) a0 Pectiv), * n
m [}

&3 8

2 5 g g

B Combinational o 4 :

k= logic Q

QD

i _L,u‘u i 1) [
4 \|_Imm|. i LH Aowonw
A

0 Aw Clock

(a) Normal niode s (b) Test mode
Fig. 5.13.2. Sequential circuit showing norma]
-and test mode configurations.

Before applying test patterns, the scan path shift register is verified by
shifting in all ones then all zeros.

A general method for testing with the scan path approach is as follows:
Set the mode to test so that the scan path is configured.

Verify the scan path by shifting test data in and out.

Set the shift register to a known initial state.

Apply atest pattern to the primary inputs of the overall cireuit.
Set the mode to norm

C al. The circuit then settles and the primary outputs
are monitored,

Activate the circuit with one clock pulse.
- Return tq the test mode,

Hhm‘ aolmﬁanQv
5 an out the contents of th

viil- can jn next pattern.
Repeat from step (iv) ete.

% Explain the following ,
Que Tt

: b&ﬁw—.mmﬁmmnmﬁw scan desigy
i Boundary scan test

. OR
tages of le it
write the advantag vel Sensitjye desigy, o

\ BST,
‘Answer ;
£ Level-Sensitive Scan Design (LSSD) .
i iquei :
8 testwo
This technique incorpora ASPects level sengitiy:
1. approach. The general arrangement jg Indicateq ;, MM wum%_ﬁn Path
D1 L
CK1 :
S1 t
CK3
CK2 e 0
Fig.5.14.1. Level sensitive scan’|
design (LSSD) configuration,

2. The level mmbm.#?m means that the sequentia] network is designed so
that when an input change occurs, the Tesponse is independent of the
component and wiring delays withip the network.

3. The scan path mmvmne 18 due to

the use of shift register latches (SRL)
employed as storage elements,

4. Inthe test mode they are connected as a long serial shift Tegister.

5. EachSRLhasa specific design similar to a master slave flip-flop. It is
driven by two non-overlapping clocks which can be controlled readily
from the primary inputs to the circuit. ,

6. Input D1 is the normal data input to the SRL, clocks CK1 and CK2
control the normal operation of the SRL while clocks CK3 and CK2
control scan path movement through the SRL.

7. The SRL output is derived at L2 in both modes of operation.



— "CSey,
)

LfLSSD approach:

es t of dynamic ch !
.1 is independen lic character;g;
he cirout %mm“mmwm fall times and propagation delays, = Ofth,
. wﬂem 9
logio ek sion is simplified since tests need only be Benerateq ¢
genera - cuit. Ta
b. Em%m%u& cireut in design, eliminate h
i hods, when adopted in design, € hazards anq T3
thods, Ceg,

me
e ary Scan Test ®BsT) :
.. Bound JIving scan path and self testing to resolve th

i e . e
1 This S%ﬂﬂmmﬂm testing of boards carrying VLSI circuits, Probley,
’ &mmonmﬂﬁm

g, The poundar

Nb@ ﬁﬁﬁ&oﬁd

R t

e interconnec :

Test th o the chips on board for self testing.
erté

ary scan path is E.oﬁmmm with serial input and

5 . out
te clock pads which make it possible to : PUt pagy
a

jons between the various chips on the |, oard

p. Deliv i themselves with internal self test facilities,
Testthec
. BST are:

The m&.fugwﬁmﬁm of

No need for complex testers.

1]

The test engineer’s work is simplified.

=2

Time spent on test pattern generation and application is reduceq,
jme s

o

4 Fault coverage isincreased.

_ PART-7 "

~Introduction to Built-in-Self-Test(BIST) Concept.

| Questions-Answers

.H.. e Answer Type and Medium Answer Type Questions

5 i — .=
Que 5.15. | What are the different scan based techniques. Explai

.18, Marks 10
built in self-test technique. AKTU 2017-18,

OR hniques
Explain the issues involved in Built-In Self Test (BIST) tec

10
in detail. AKTU 2018-19, Marks

[

A
B.
1

write

e

Pumimn.

5 16F (EC-Sem-7)

Sean based techniques : Refer Q.5.13, p,, g

13, Page
Built in self-test techniques ; 8¢ 5-11, Unit.5
As the complexity of individual v1g

e S d

complexity increases, test generation apq - 33 overg]) ¢

expensive and not always very effectiye Emmamwcﬁwﬁmwou becrpg
s

Further, there are also very difficut Problems ing,

speed at which many VLS systoms are designgg e oL Viththeligy
i erate,
Such problems Hme.:u.mm the use of Very sophisticat, d :
affordable, test equipment’s, . ¢ but not always

The objectives of this test are :

1 circuits o,

QOSGm an

To reduce test pattern generation cost,
To reduce the volume of test data,

To reduce test time.

Compact Test :

Data compression techniques are current]
consist of making comparisons on comp
instead of on the entire test data, which

Y used in BIST systems and
acted system test responses
can be huge in some cages,
The test compacting scheme used most is called signature analys;

: . ysis.
Im.mﬁjm&.m_m—.ﬂu.gﬁa asapdynamid P(x) which s divided by a
characteristic polynomial C(x) to give the signature R(x), so that

R(x) = P(x)/ Clx)
This analysis is represented in Fig. 5.15.1.

S Compaction
(Digital » DUT S -
Tester) Signature

Analysis

v

Fig. 5.15.1. Built-in-self-test-Signature analysis.

The signature from the DUT (Device Under Test) is nonE& with the
expected signature to find out if the DUT is fault free.

Difference between the faulty signature and a good signature may also
be used to indicate the nature of the fault.

. s i in
Another technique of data compression transition countiog has been
use for some considerable time.




.__iransitions of a specified direction
.4 of counting aM.Em count with the tount obta

(1] to 1 or

ineq g 1ty 0)

m zs

A ti s
simula€t note on the following : s

p rt
Write a sho
Que5.16-. ok shift register

ey db
3 Linear feec! Jock observer
i Built-in logicP

ot rEmE.m@m dback Shift Register (LFSR) :
i

. ite state machine co iqi
1 is that of a finite s 2 mprisip,
L gws rmwmmwmo_“wm ulo two adders connected in feedback Hoowmwmwwﬁ
eleme

in Fig. 5.16.1.

Fig. mhm.u.mm:m??&mmvmbmma feedback shift register,

LFSR technique can be applied in u.Evan &. ways, including random
number generation, polynomial division for signature analysis and n.hj

counting.

3. LFSRcanbe either seriesor parallel, the difference being in the Operating

speed and in the area of silicon occupied, parallel LFSR being faster byt
larger than serial LFSR.

ii. Built-In Logic Block Observer (BILBO) :

1. BILBOisbuilt-in test generation scheme which uses signature analysis
in conjunction with a scan path. It is aimed at integrated modular and
bus-oriented systems, such as microprocessor and similar circuits.

2. K.&.ca component of a BILBO is an LFSR with a few gates. In
Fig. 5.16.2 the BILBO is controlled by two signals, B, and B, which
define the modes.

3 In the normal mode, B, = B, =1 and the storage elements are used
independently by the circuit as shown in Fi g.5.16.3.

4.
Inthe test 1 mode, B, = B, =0and the storage elements are configured

as a scan path, all storage elements being connected as a serial shift
register as shown in Fig.5.16.4.

F (EC-Sem-7)
518

5. out at the scan path output, Tp,
fora simple scan-path test,

1 the test 2 mode as shown in Fig 5.
6. Wm then configured in a LFSR Bo%m mMM.WWwH =1, .mn =0 and the circuit
divider to compact data or as 5 random teg used either ag 5 polynomial

t pattern generator
; InthefinalmodeBy =0, B, = twhieh recerc tho prrpo,
i Lo
WH 1 ~m )
By >
- D
Sean in e D, DD, Jous
MUX T | T
I® i Y
Uy Q ‘_
Fig. 5-16.2. Built-in-test-Built-in logi¢ bloek bbeerva
mu
m_. = H _@
B,=1
DD, |,
MUX LH N i
A} DH A 4 DN v Dm *

Fig. 5.16.3. Built-in-test-(BILBO) normal mode.

B, =0 m m I
By=0
VI UH IA_UVO_HvY Um VVI Uw
T i T
’hv _|v _..V l_
{ q, v Qv

Qv I A
Fig. 5.16.4. Built-in-test:(BILBO) scan path mode.’

v
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Da Dn 4 D
J6.5, Built-in-test-(BILBO) LFSR mode, 3

Fig. 5.

Que 5 17 Explain self checking techniques.
ue5.17. _

Nmﬂa\n\\_ i ter systems commonly mak

a.mumBmmmmon in compu € y makes usg of o, 1.
1. Ummﬁos for theready detection of errors. Such error detection frmms
g ed and extended for bullt in test purposes.

have been adapt ¢ cunnl
. i ist of supplying coded input da;

If checking techniques consist : put data

umommmn block under test and comparing the output in a checker %Q.mumﬂ_”

delete any errors. This is shown in Fig. 5.17.1.

8
Ques

SFS
Coded Logic Block » Coded
Inputs * outputs

SCD
SFS = Strongly Fault Secure
S ome Checker
SCD =Strongly Code Disjoint

Error
Indication

Fig. 5.17.1. Self-checking logic.

d then obey a set of rules

3. The design of logic blocks and checkers shoul
and the checker ‘strongly

in which the logic block is ‘strongly fault secure’
code disjoint’.
4, The code used in data encoding depends on the
~ oceur at the logic block output. In general, three type
i Simple error
il. Unidirectional error
iii. Multiple error

types of errors that may
s are possible:

Introduction to Testing

5. cking tec ° 2 set of g i i
Gelf checking hniques are applied PPropriate coding techniques,

jmportant so that fault tolerance i &M_M_.Mi&m in which security is
I Interest,

e Sw“ﬁ wﬁowﬁ,:‘ A oﬁwdsz it
ol GHestions are vy par

o SQQ @&. QM\«N.&«#« your Q@Q@W@Qﬁﬁ..m.“”&h&~ W:&mgaw
& % “Saswellas '

Q.1 Give a logic circuit examp]e j .
stuck-at-1 fault are F&m%ﬂ“ﬁmﬂwﬁw stuck-at-0 fault and

ATE: Refer Q. 5.2.
Q2 Write a short note on RTL mode]
ans, Refer Q. 5.6. '

Q.3. Differentiate between behavj
Aus: Refer Q. 5.8. vioral andstructural modeling.

Q.4. Write a short note on VLSI testing.
Ans: Refer Q. 5.9. :

Q.5. Explain the term controllabili res s
ans: Refer Q. 5.12. rollability and observability in detail.

Q.6. With the help of sui " .
fochinique: p of suitable diagram explain scan based
Aiis: Refer Q. 5.13.

Q. 7. Explain the issues involved in Buil
. t-In
techniques in detail. Self Test (BIST)
Ans. Refer Q. 5.15.
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SQ-17F Qwo.mmﬁ

. . d
Desi .
VLSIDesign the fabrication defects which can be nmgo?.n r
5.12. gwn»wnm.m o7 | «.
Ippe te
ﬁm%. Gate oxide short.

_, diode leakag®:
w. .wmawwsmamm&o?mweo defects.
S Channel punch-througtt
. idelines for I, testability,
.., the design g
5.13. Write t .
- i ferred.
CMOSis pre
M. Wﬁ&cm pull-ups or ww:-mogam.
m. No internal drive conflicts.
». No floating nodes in the circuits.

5.14. Write the physical defects (faults) that can occur in CMog,

Ew. Defects in Si substrates.

2. wggmgomn%Eo defects.
3. Oxide defects.

5.15. What are the electrical faults that can be translated in,
) logical faults ?

NHM". Logical stuck-at-0 or stuck-at-1.

9. Slower transition a&.m% .mmES.
3. AND-bridging, OR-bridging.

5.16. What is meant by stuck-at-1 (s-a-1) fault and stuck-at.0 -

(s-a-0) faults. ﬁwﬁﬂd 2018-19, Marks oli

NMM Faults are fixed (0 or 1) value to a net which is an input or an output
of a logic gate or a flip-flop in the circuit.
9. Ifthe netis stuck to 0, it is called stuck-at-0 (s-a-0) fault.
3. And if the net is stuck to 1, it is called stuck-at-1 (s-a-1) fault.

©oO
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: SEMESTER THEORy
EXAMINATION, 2017-18
VLSI DESIGN

ime : 3 H
M_Hpm ours Mo Mark 1o

Notes : Attempt all sections. Assume any missing data

SECTION-A
1. Attempt any ten questions. All question carry equal marks.
a. Give the circuit t £ e i
: arrangement for 2 input NAND gat i
CMOS logic. 9 setete
Ans: Refer Q. 1.10, Page SQ-2F, Unit-1, 2 Marks Questions.
b.

Enlist the advantages of using address multiplexing scheme
in DRAM cell.

Ang. Refer Q. 4.6, Page SQ-12F, Unit-4, 2 Marks Questions.

c. What is parasitic delay ?
Axs; Refer Q. 2.8, Page SQ—6F, Unit-2, 2 Marks Questions.

d. What is the classification of IC packages ?
Ang. Refer Q. 1.8, Page SQ-2F, Unit-1, 2 Marks Questions.

e. Write down the applications of FPGA.
Ans: Refer Q. 1.7, Page SQ-2F, Unit-1, 2 Marks Questions.

f. What is sub threshold leakage current ?
Ans. This questions is out of syllabus from session 2021-22.

g. What is crosstalk delay in VLSI ? :
Ans: This questions is out of syllabus from session 2021-22.

h. What is body effect ?
Ang, This questions is out of syllabus from session 2021-22.

i. Implement 2:1 MUX using CMOS transmission gate.
Anis; Refer Q. 1.12, Page SQ-3F, Unit-1, 2 Marks Questions.

j. Write the expression of dynamic power dissipation for MOS

circuit. .
Ans; Refer Q. 5.9, Page SQ-16F, Unit-5, 2 Marks Questions.



b.

Ans

b

Solved Paper @osge
/

SECTION-B

stions. All question carry equal P
Attempt any three 9% (10x w i
us processes of CMOS fabrication? g
y with suitable sketch.
of syllabus from session 2021-22,

30)
What are vari *Plaiy
[win tub process

This questions is out
¢ is need of vLsI testing ? Discuss about mgomouz
Hﬂwagﬁwonﬁgm emm%m..?m
Refer Q. 5.10, Page 5-7F, Unit-o.

i ion of delay i )
o o e and paramas s
hoosing best number of stageg 5

Derive the aw
jc network 11 1€
ﬂwmumo are the criteria forc

%hm questions is out of syllabus from session 2021-22,

: scaling is of great meciwboo in VLS] 9
ﬁwmﬂwﬂﬂm.w%“ﬁulmou between constant-field scaling i

aling.
constant-voltage sC€ .
Refer Q. 2.16, Page 2-23F, Unit-2.

Explain CMOS Domino circuit along with its features. How

it can be cascaded in ﬂrmu circuits.
Refer Q. 3.8, Page 3-11F, Unit-3.

SECTION-C

art of question. All question carry equal marks,
(10x1=10)

What are the sources of power dissipation in CMOS
circuits ? Explain dynamic and static power consumption,
Refer Q. 4.11, Page 4-19F, Unit-4.

Attempt any one p

What are interconnecting models ? Explain any two of them
in brief.
Refer Q. 2.2, Page 2-3F, Unit-2.

Attempt any one question. All questions carry equal marks
(10x 1=10)

Draw the circuit diagram of SRAM and explain read and
write operation.
Refer Q. 4.4, Page 4-8F, Unit-4.

Explain the variable threshold CMOS circuits.
Refer Q. 4.15, Page 4-26F, Unit-4.

yLSI Design

Ans;

b.

1.

iii.
Ans.

SP-3F (EC:Sem.7)
Attempt any one part of question. All questions carry equal marks

Explain the following : (10x1=10)

Ad Hoc testable design techniques.
Fault types and models,
Refer Q. 5.11, Page 5-8F, Unit-5.

Explain the concept of design hierarchy with the help of

example.
Refer Q. 1.4, Page 1-5F, Unit-1.

Attempt any one part of questions. All questions carry equal marks.

(10x1=10)
What are the different scan based techniques. Explain built
in self-test technique.

Refer Q. 5.15, Page 5-15F, Unit-5.

Explain the concept of observability, controllability and
predictability.
Refer Q. 5.12, Page 5-10F, Unit-5.

Attempt any one question. All questions carry equal marks.
(10x1=10)

Explain CMOS lambda based design rules with help of one

example. .

This questions is out of syllabus from session 2021-22.

Implement the CMOS logic for the following Boolean
expression.

Y=A+B+C)D

Y=(A+B+C)D+E)-F

3 input NOR gate

Refer Q. 1.16, Page 1-19F, Unit-1.

©0®



SP_4F (EC-Sem-7) Solved Pape, Gos,g
B. Tech. _
0DD SEMESTER THEQRy
- (SEM. Ammwé.»ﬂoz, 2018-19
~ VLSI DESIGN
e e » g :
Attempt all sections. If require any missing data; they, iy
suitably.

)

Notes: 005a

SECTION-A

L Attemptall questionsinbrief. (2x10
L. %ﬂw awo need alow power VLSI circuits in today’s scep

xng Refer Q. 4.13, Page SQ-13F, Unit-4, 2 Marks Ques tions,

= me
arig 9

b. Explain the terms packaging and testing.
xms: This questions is out of syllabus from session 2021-29.

c. Define logical effort with example.
Ams Refer Q. 2.7, Page SQ-6F, Unit-2, 2 Marks Questions.

d. Define the terms:
Defects, Errors and Faults.
ans Refer Q. 5.2, Page SQ-15F, Unit-5, 2 Marks Questions.

e. Distinguish between SRAM and DRAM.
Ans; Refer Q. 4.5, Page SQ-11F, Unit-4, 2 Marks Questions.

f. Bring out the drawbacks of dynamic logic.
Ang Refer Q. 3.2, Page SQ-8F, Unit-3, 2 Marks Questions.

g. Explain the terms controllability and observability.
Kiig; Refer Q. 5.5, Page SQ-15F, Unit-5, 2 Marks Questions.

h. Why we prefer CMOS transmission gates over other gates?
Ans: Refer Q. 1.13, Page SQ—4F, Unit-1, 2 Marks Questions.

e

. Define the term Interconnect.
Afis: Refer Q. 2.1, Page SQ-5F, Unit-2, 2 Marks Questions.

- What is meant by stuck-at-1 (s-a-1) fault and stuck-at-0
(s-a-0) faults,

AnS Refer Q. 5.1€, Page SQ-17F, Unit-5, 2 Marks Questions.

VLSI Design

SP-5F aoomﬁ.s.d
SECTION-B
2. Attempt any three of th .
: e following :
a. Illuminate the 7. s (10x3=39
diagrams, el CMOS fabrication process wigp st

Axns: This questions is out of syllabus from session 2021-29

b. Explain the Elmore dela : .
- Yy model with suit i
AiE wmm.mwo D. N..w.lvv wmmw ) qg caﬂlw. able &NWM.”E-

c. Write short notes on :
i. Logical effort
ii. Parasitic delay.

Ans: Refer Q. 2.14, Page 2-20F, Unit-2.

d. Enlist the advantages of dynamic logic circuit over static
logic circuit. Explain NORA CMOS logic circuit with suitable
example.

Ains; Refer Q. 3.11, Page 3-14F, Unit-3.

e. Describe leakage (static) power dissipation and dynamic
power dissipation.

A7ig; Refer Q. 4.11, Page 4-19F, Unit-4.
SECTION-C

3. Attempt any one part of following : (10x1=10)
a.i. Write a short note on VLSI testing.
Aiis; Refer Q. 5.9, Page 5-7F, Unit-5.

ii. Draw and explain the VLSI design flow (Y-chart).
Ang; Refer Q. 1.1, Page 1-2F, Unit-1.

b. Draw and explain the working of CMOS inverter with its
transfer characteristics.

Axis: Refer Q. 1.13, Page 1-15F, Unit-1.

4. Attempt any one part of the following : (10x1 = 10)
a. Analyze the linear delay model with its different limitations.
Ans. Refer Q. 2.13, Page 2-19F, Unit-2.

b. Explain the following circuits :

i. Variable threshold CMOS circuits

ii. Multiple threshold CMOS circuits.
Ang; Refer Q. 4.16, Page 4-27F, Unit-4.



Solved P
SP-6F (EC-Sem-7) aper Amon..va

5. Attempt any on
a. Draw and exp
muoouooubooem.

ans; Refer Q. 2.6, Page
b. Explain the delay estima
techniques. "

" amE Refer Q. 2.12, Page 9_17F, Unit-2.

art of the mo=w<&bm : (10x1 = 10
._“mu the working of Lumped RC-mode] msv.

9-9F, Unit-2.

tion with different ovnEmNmio:

lowing : (10x1=
one part of the m.: 10)
6. mzmwumﬁ NMW d/write operation of SRAM memory cell. Hoy,
i H.ﬂwn cell is used in bigger memory system.

Ang; Refer Q. 4.5, Page 4-10F, CE?».

b.i. Implementthe Boolean ».—.Ennmob Y=AB+(C+D)F+E)+ Gy
using domino CMOS ~om.~.e.
Ans ReferQ.3.9, Page 3-12, Unit-3.
ii. Explain the term voltage boot strapping in CMOS logic with
suitable examples.
Asg Refer Q. 3.5, Page 3-5F, Unit-3.
7. Attempt any one part of the following : (10x1=10)
a. Explain the issues involved in Built-In Self Test (BIST)
techniques in detail.
Asis; Refer Q. 5.15, Page 5-15F, Unit-5.

b.i. Write a short note on adiabatic logic circuit.
Ang; This questions is out of syllabus from session 2021-22.

ii. Explain the scan based techniques.
Ang; Refer Q. 5.13, Page 5-11F, Unit-5.

©00O
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_ B. Tech.
(SEM. VII) ODD SEMESTER THEORY
EXAMINATION, 2019-20 :
VLSI DESIGN
Time : 3 Hours Max. Marks : 70
Notes : MMMMNMW& all sections. If require any .H.Emmmbm data; then choose
SECTION-A e
1. Attempt all questions in brief. @2x17 u\ 14)

a. Whatdo youmeanbyZ, ,,Z  in the inverter circuit ?

Ang. This question is out of syllabus from session 2020-21.

b. Give the circuit arrangement for 2 input NOR gate using
CMOS logic.
Ans. Refer Q. 1.10, Page SQ—2F, Unit-1, 2 Marks Questions.

c. What is parasitic delay ?
Ang; Refer Q. 2.8, Page SQ—6F, Unit-2, 2 Marks Questions.

d. What is channel length modulation ?
Ans: This question is out of syllabus from session 2020-21.

e. Implement 2:1 MUX using CMOS Transmission Gate.
Ans. Refer Q. 1.12, Page SQ-3F, Unit-1, 2 Marks Questions.

f. What are needs for low power VLSI chips ?
Ans. Refer Q. 4.13, Page SQ-13F, Unit-3, 2 Marks Questions.

g. Write down the application of FPGA.
Ans. Refer Q. 1.7, Page SQ-2F, Unit-1, 2 Marks Questions.

SECTION-B

2. Attempt any three of the following : (7x3=21)
a. Explain the fabrication process of N-MOS transistor.
Explain the MOSFET capacitance with suitable sketch.
Amns. This question is out of syllabus from session 2020-21.

b. Derive the expression for Vy,, V;,, NM;, and NM,, for CMOS
inverter.
Angs. This question is out of syllabus from session 2020-21.
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NORA CMOS logic circuit with mEGmE
v e

Explain Domino and
example. .
Refer Q. 3.11, Page 3-14F, Unit-3.
Write short note o2 DRAM cell. Explain leakage and e
operation in DRAM em=m..

Refer Q- 4.2, Page 4-3F, Unit-4.

Explain the following :
Scan Based Technique.
d models.

Fault types an .
Refer Q. 5.13, Page 5-11F, Unit-5.

SECTION-C -
ne part of the following : (Tx1=7)

hierarchy of various semiconductors with
Draw the Y-chart and explain the VLSI design

Attempt any O
Discuss the
Moore’s law.
process.
Refer Q. 1.7, Page 1-8F, Unit-1.

Implement the Boolean function Z=AB + (C + D)(E +F) + GH
using standard CMOS and domino CMOS logic.

Refer Q. 3.9, Page 3-12F, Unit-3.
art of the following : (Tx1="7)

Why transistor scaling is of great importance in VLSI ?
Write down comparison between Constant field scaling and

Constant voltage scaling.
Refer Q. 2.16, Page 2-23F, Unit-2.

Attempt any one p

Explain the concept of RC Delay model.
Refer Q. 2.9, Page 2-12F, Unit-2.

What are the limitations of logical effort ?
Refer Q. 2.15, Page 2-22F, Unit-2.

Attempt any one part of the following : (7x1=17)
Draw the circuit diagram of SRAM and explain read and
write operation.

Refer Q. 4.4, Page 4-8F, Unit-4.

MME»F various types of power dissipation in CMOS circuits.
fer Q. 4.11, Page 4-19F, Unit-4.

B&.&msmvﬁ any one i

. part of the following : =17
w A ng: (Tx1=T
rite the difference between dynamic CMOS logic circuit

and stati g st
static CMOS logic circuit. Explain the classification of

vLSI Design

*.

AnS:
b.
AnS:

7.
a.

AfS:

b.
ATHES

mw.lw F Bo|wﬁE|~Nv

~ "'dynamic CMOS logic circuit and design a 2 input EXOR

logic gate using domino logi
Refer Q. 3.12, Page 3-15F, GMW.-.M

Describe the working of three s ynami

> 2 c tage pseudonMOS d icshi
register driven with two-phase clocking giving its ana&o -
Refer Q. 3.15, Page 3-19F, Unit-3. -
Attempt any one part of the following : (Tx1=7)

Write a short note on Built-in-self te
-in- st (BIST :
Refer Q. 5.15, Page 5-15F, Unit-5. ) techniques.

Briefly explain variable threshold CMOS (VICM! !
0S )
Refer Q. 4.15, Page 4-26F, Unit-4. ‘ ) circuit.
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Time:3Hours o Marks 7

If require any missing data; then chooge

Notes: Attempt all sections.
suitably.

SECTION A

. Attempt all questions in brief. ) ©2x7< »
M. my»mao wnoon.m,m law in reference to VLSI design. )

< Refer Q. 1.6, Page SQ-2F, Unit-1, 2 Marks Questions.

OR gate using CMOS logic.

' lement Ex-
b. Imp F, Unit-1, 2 Marks Questions.

Amz; Refer Q. 1.11, Page SQ-3
c. Differentiate between static power and dynamic power.,
Ang Refer Q. 5.10, Page SQ-16F, Unit-5, 2 Marks Questions.

Define the term jnterconnect impact in brief.

Asig: Refer Q. 2.2, Page SQ-5F, Unit-2, 2 Marks Questions.

Mention the advantages of dynamiclogic circuits over static
logic circuits.

Refer Q. 3.3, Page SQ-8F, Unit-3, 2 Marks Questions.

Comment on overview of power consumption in CMOS logic
circuits.

Refer Q. 4.15, Page SQ-13F, Unit-4, 2 Marks Questions.

g. Define the term interconnect delay.
Afis, Refer Q. 2.3, page SQ-5F, Unit-2, 2 Marks Questions.

SECTION B

2. Attempt any three of the following : (7x3=21)
a. Explain the CMOS fabrication steps with neat diagram
using n-well process.
Afis; This question is out of syllabus from session 2020-21.

Desi
VLSI Design SP-11F (EC-Sem.7)

b. Explain RC delay model for interconnects,
Aiig: Refer Q. 2.9, Page 2-12F, Unit-2. ,

c. Implement the Boolean expression
Y=AB+(C+D)(E+F)+(G+H).
Ans Refer Q. 1.17, Page 1-20F, Unit-1. :

d. Mention the advantages of interconnect modeling. Describe
the interconnect modeling to calculate R and C.

Ang; Refer Q. 2.2, Page 2-3F, Unit-2.

e. Discuss the various design techniques involved in low
power CMOS VLSI circuits.
Asis; Refer Q. 4.17, Page 4-29F, Unit-4.

SECTION C

3. Attempt any one part of the following : (7x1="17
a. Draw the Y chart and explain the VLSI design process.

Mention its advantages.
Ams. Refer Q. 1.1, Page 1-2F, Unit-1.

b. Explain symbol, different colours and lines used for drawing
stick diagram. Draw the stick diagram of CMOS inverter.
Ang This question is out of syllabus from session 2020-21.

4. Attempt any one part of the following : (7x1="7)
Define the term logical effort and electrical effort. Explain
linear RC delay model. Mention the limitation of this model.

Ang: Refer Q. 2.14, Page 2-20F, Unit-2.

a.

b. Explain the Elmore delay model with suitable RC networks.
Mention its merits.
Ans. Refer Q. 2.5, Page 2—7F, Unit-2.

5. Attempt any one part of the following : (Tx1=17)
a. Define the term energy delay product (EDP) and power delay
product (PDP). Describe different low power architectures
with suitable diagrams.
Ans. This question is out of syllabus from session 2020-21.

b. Explain the interconnect engineering in detail.
Ans: This question is out of syllabus from session 2020-21.

Attempt any one part of the following : (7x1=T7)
What is SRAM ? Explain CMOS SRAM cell design strategy.

Ans. Refer Q. 4.3, Page 4-7F, Unit-4.

L
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b.

ARE

7.
a.

AnE
b.

ﬂmmn

Explain the behavior of pass anwbmmmaou in dynamic oM
logic implementation. 08
Refer Q. 3.3, Page 3-3F, Unit-3.

Attempt any one part of the moﬁﬁ.z&um 3 Tx1
Explain the term controllability and observability in mmﬂ:w_v

Refer Q. 5.12, Page 5-10F, Unit-5.

with the help of suitable diagram explain scan baseq
e

technique.
Refer Q. 5.13, Page 5-11F, Unit-5.
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\ B. Tech.
(SEM. VID) ODD SEMESTER THEORY
EXAMINATION, 2021-22
VLSI DESIGN

_,\.mmmﬂﬂ.\m\‘ Max. Marks : 100

gime *

_ . Attempt all sections. If require any missing data; then choose
Qw&m . > P

N suitably-

SECTION A

1. Attempt all questionsin brief.
a. What is Photolithography ?
AT Huwoﬂo:%omwwﬁww is a process used in microfabrication to pattern
partsona thin film or the bulk of a substrate.
wer VLSI circuits in today’s scenario ?
13F, Unit-4, 2 Marks Questions.

AN x10= NOV

b. Why we need alow po
Refer Q. 4.13, Page SQ-

What is contamination delay ?
Contamination delay is the minimum time that the outputs keep a

previous value after the inputs change.
d. Define logical effect with example.
Refer Q. 2.7, Page SQ-6F, Unit-2, 2 Marks Questions.
e. Differentiate between static power and dynamic power.
Ang: Refer Q. 5.10, Page SQ-16F, Unit-5, 2 Marks Questions.
f. Implement2:1 MUZX using CMOS transmission gate.
Refer Q. 1.12, Page SQ-3F, Unit-1, 2 Marks Questions.
g. Describe different storage elements.
Ans: Refer Q.4.1,Page 4-2F, Unit-4.
h. Distinguish between SRAM and DRAM.
Ans. Refer Q. 4.5, Page SQ-11F, Unit-4, 2 Marks Questions.
i. Explain the term controllability and observability.
Ans: Refer Q. 5.5, Page SQ-15F, Unit-5, 2 Marks Questions.
j. What is meant by Stuck-at-1 fault and Stuck-at-0 fault ?
Ans. Refer Q. 5.16, Page SQ-17F, Unit-5, 2 Marks Questions.
) SECTION B
2. Attempt any three of the following : (10 x 3=30)
a. Discuss the hierarchy of various semiconductors with
Moore’s law. Write short note on VLSI testing.

A. Hierarchy of various semiconductors with Moore’s law :
Refer Q. 1.7, Page 1-8F, Unit-1.
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— . .
B. VLSI testing : The question is out of _— Goﬁ,ﬁ
2021-22, ¢ US frop, -
p. Explain Hruon.o.mm_ww model with Suitaly, S
Mention its merits. 1 Re ne
2-7F, Unit-2. Wor,

ans; Refer Q. 2.5, Page
. Compare the performance of Doming CMo

uQBmHHQ O.gcm -QWH-Q i&ﬁ- m=m&”’~@ QNEHv—@ w ~Oﬂm0 gﬂZ@

L

N

1.4

mino CMOS circuit has e
W@mﬁm& atthe output of éach | inverter 5 ¢ erwbm cireyj hag :
stage, so it /nmninmm more | stage, it ig mmbmnm_wgﬁ of mmom
transistors. fewer transistorg, 0mpogeq of
9. |Itprovides only non-inverting | It provides e
signals at the output. non-inverting mMWbmw.ﬂ 10g anq
output. S at the

2 | Domino CMOS circuit had | NP Domino CMOS are ;

m. .y
challenges like instability and | to the problems of ins nmrmwﬂgm
charge-sharing. ow.&.mm-mrmﬁbm. ¥ang
4. Low area utilization in | High area utilization in
Domino CMOS. Domino CMOS, Np

Power dissipation is high in | Power dissipation is low in Np

Domino CMOS. Domino OZO[

d. Explain read/write operation of SRAM memory cell, Hoy
bit cell is used in bigger memory systems.

Page 4-8F, Unit-4.
1-bit cell : Refer Q. 4.5, Page 4-10F, Unit-4.

Explain the issues involved in BIST techniques in details,
 Ang Refer Q. 5.15, Page 5-15F, Unit-5.
SECTION C
3. Attempt any one part of the following : (10x Hn.§
a. Draw the Y-chart and explain VLSI design process. Mention
its 'advantages.
A Refer Q. 1.1, Page 1-2F, Unit-1. .
b. H.N.E&b the CMOS fabrication steps with neat diagra®
using n-well process.
gm“ #Om Ho‘mm@wmow&ob technique :
, m.m mmvsomz.on Process involved a set of patterne
sticon, polysilicon, metal and insulating silicon dioxide.

ARS

" A Read/write operation of SPAM memory cell : Refer Q. 44
B.
e

d layersof doped

yLSI Design SP-15F (EC-Sem-7)

2. Initially silicon substrate has to be taken as shown in Fig. 1(a).

3. Thesequence starts with the thermal oxidation of the silicon surface,
results in growth of about-1 mm thickness of SiO, layer as shown in
Fig. 1(b). d .

4. _Ewmm entire layer is coated with the mcvmnwﬁnm called vwgoammum.r
which is a light sensitive, acid-resist organic polymer as shown in
Fig. 1(c). : .

5. <Sm~mu photoresist material is exposed to UV light the mNMommm portion
become soft so that solvents can easily etch that portion.

6. To select the specified position for exposure we cmm.n,:mmw, it m:oﬁm

. the passage of UV light from its transparent portion as shown in
Fig. 1(d). ]

7. .Eﬂm@ type of photoresist initially hard in nature but @me exposed to

light becomes soft are known as positive photoresist.

Si-substrate

(@)

71« SiO, A.ONEm layer)

®)

Opaque position
Transparent postion

7]~ Insoluble photoresist
<& SiO, (Oxide layer)

Expose soluble photoresist

Si-substrate

Chemical / Dry etch
(d)

Hard photoresist
Si0, (Oxide layer)

Si-substrate

®)
] Fig. 1.
8. Following the UV exposure step, the soft portion is etched off using

solvents (HF acid) as shown in Fig. 1(e).
9. Now, the Si0, region which is not covered can be etched away by

using chemical solvents shown in Fig. 1(f).
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We obtain an oxide window that ﬂ,zoﬂcm down to the giis ﬁ\\\.\\|1

> OARS % 2815 ' be stri >
10 e remainin Phot T oW in Far¥ roat of A, B Fach:
I Mﬁ.ﬂ”ﬁ%ﬂﬂ“ﬂzwlﬁ.zﬁs step actually mmcmwsm_%u.z,%rug ~o.~ Amuwz. SHV ODD WHEMHHEHN THEORY
T en ZHMWMW.“W% MJMM.MW&%#&E Fuctan devisek requires < nsfy, HE«QHZ»H‘HOZ ’ 2022-23
2 Wﬂmmn transfer to be performed on 8iOy, polysilicon mN«%wﬁ%E: VLSI DESIGN
. > following : Cta,
Attempt any one part ommwnnhnmsiw.o i (10 1 e tas 100
4 or powerdissipatigp of g Qﬂ:: Time : 3 Hours Marks?
0s —"

r

Derive the expression

Y .
Mm?“. Q.4.11, Page 4-19F, Unit-4.

Draw and explain the working of RC delay mode) . .Y
munoudouuma»w‘ : or Note: Attempt all sections. If require any missing ,&mwu.,. .then choose
Refer Q. 2.9, Page mluwﬂ. NDM.?W. . Csitably. Na 9
, t any one part o the following : 10 St %
i | WS_.MMWWBQ explain NORA and TSPC dynamic C Omx_w rM 10) SECTIONA :
W. c.
_ ,_ NORA : Refer Q. 3.1, Page wlumwm. ﬁm«nEn-w. . 1. Attempt all questions in brief. (2x10=20)
| TSPC (True Single P ?uﬁwm. woo ) dynamic CMos logic . a. Define the term critical path. .
| Refer Q. 3.13, Page 3-16F, Unit- — . Avig; Refer Q. 1.3, Page SQ-1F, 2 Marks Questions, Unit-1.
I h s s . ;
_~ iﬂwM&-M HMM.M -WMMMM Moﬁnhwwhw%mmwﬁﬁ%%% logic b. State the term sheet resistance
g - Afis; Sheet resistance is a term used to describe the resistance per.square
Pre-charge evaluate logic in dynamic CMOS logic . of a thin film or layer of materialon a semiconductor substrate. It is
Refer Q. 3.1, Page 3-2F, Unit-3. ) a measure of how much resistance a thin film presents to the flow
Architecture of SRAM : Refer Q. 4.4, Page 4-8F, Unit-4. of current, normalized by its area. 2
Architecture of DRAM : Refer Q. 4.2, Page 4-3F, Unit-4. _— & 4
z ine the term Scaling.
¢ any one part of the following : (10x1=1 c. Define alin . .
%MNMMEO&.M note on DRAM cell. Explain leakage and Hom..m“w Axis: Refer Q. 2.11, Page SQ—7F, 2 Marks Questions, Unit-2.
:on in DRAM cells.
gperagipnid D s d. What is a delay in any circuit ?

D . Refer Q. 4.2, Page 4-3F, Unit-4. Ans. Delay refers to the time it takes fora signal to propagate through a
wax—@wnmnd h operation : Refer Q. 4.2, Page 4-3F, Unit4. M:MEn or system. It is an important parameter that affects the
Ew»n. fr m. e bt ehavior and performance of the circuit or system, particularly in
Explain the various types of power dissipation in CMOS terms of its speed and timing.
circuits.
Refer Q. 4.11, Page 4-19F, Unit-4. . P e. What is a cascade circuit ?
Attempt any one part of the following : x1=1 Axis; Cascade circuit is a circuit in which two or more ampli

p 4 = . ] € plifiers are
MN..UFE. »rm. parallel procession approach in low power m.o::ccncm in a series such that the output of one amplifier is fed as
CMOS circuits. input to next amplifier.

Refer Q. 4.17, Page 4-29F, Unit-4.

E an ?F?E Ps»vp!'ﬂ ?E T ?‘?’EPP‘E F‘E P

f. Differentiate between Combinational and Sequential

b. Write a short note on :

i. Adiabaticlogic circuits ii. Scan cell based approach. circuits.
Ansl

i. Adiabatic logic circuits : This question is out of syllabus from

session 2021-22. 5
Scan cell based approach : Refer Q. 5.13, Page 5-1 1F, Unit-o.

©e0

E




SP-18F (EC-Sem-7)

. ent | Depends upon present iy
1 Depends upont thelpros well as past input Put 5
| input only. There is feedback pat
ween > path bet
‘\m\\. No feedback path bet output and input. Smg

What is 2 moEmaobm—Seow memory ?
%m. A semiconductor memory HM tor TY that j
. nplemented using semiconduc t istors apg
n itors. It is a type of solid-state Memax d ans thay
capac ving parts and is typically faster and'more reliable thy
M-mm%m“w mechanical storage devices'suchas hard disk driyeg
ra

1 meeting the performance mmM
of the system. Low-power sign s 5

Refer Q. 5.2, Page SQ-15F, 2 Marks D:m..m.ﬂonm..\dln-m.

Wh s the term tes Erw% 2 G -

Testability refers to th %&«ow acircuit tob easily and effe ctively
AfE tested Sn%umﬁa that it meets its design mﬁmﬁmnmﬁoum.. The primary
goal of testability is to identify and diagnose faults in the circuit,
both during the design phase and after the circuit is manufactured,

SECTION B

2. Attempt any three of the following : (10x3 n.us
a. Explain different design methodologies used in VLSI Design.

Aix Following are some of the most common design methodologies
used in VLSI design :

w

f.s F (EC-Sem-7)
i T I

&i&bm the design processinto a series of steps,
architectural design, logic design, and physical des;
builds on the previous one, and the design is refined
at each stage. This approach emphasizes a systematic
approach to the design process.

Top-down design methodology : This methodology begins with
the high-level specifications of the system and works downwards
towards the implementation details. This approach is useful when
the system requirements are well-defined but can lead to design
inefficiencies if the high-level specifications areoverly rigid.
Bottom-up design methodology : This Bm@wmo_@w& begins with

the implementation details and works :vémnﬁ towards the high-
level specifications of the system. This mwwmomnw ,.xw%zmag when the
implementation details are well-defined ‘but. can lead to design
inefficiencies if the high-level specifications are overly vague.

Behavior-driven design methodology’: This methodology
focuses on specifying the desired behavior of the system, rather

gn. Each step
and optimized
and structured

- than the implementation details. The design is then synthesized

inefficiencies if the IP blocks are not well-sui
" designrequirements.

automatically from the behavior specification. This approach can
improve productivity and reduce errors, but may lead to suboptimal
designs if the behavior specification is overly complex or ambiguous.
IP-based design methodology : This methodology in Ives using
pre-designed intellectual property (IP) blocks, such as processors
or memory controllers, to speed up the design process. This approach
emphasizes reusability and modularity, but,can. ead/to design
ited to"the specific

Design for testability (DFT) methodology : This methodology

- involves designing the circuit with built-in test features, such as
“_scan chains and boundary scan cells, to enable effective testing.

b.

This approach emphasizes reliability and testability.

Low-power design methodology : This methodology involves
optimizing the design for low power consumption, using techniques
such as power gating, voltage scaling, and clock gating. This approach
emphasizes energy efficiency and battery life.

Describe linear delay model used in VLSI Design.
Refer Q. 2.12, Page 2-17F, Unit-2.
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X <3

? Define different noise marg; )
| ns .Ewm

|

VLSI refers to any unwant

Ang . .=<rm_“zamm§_. ed elg,

A. Noisel . terfere with the proper operat; trie
i e ise, i ; ion of 5 . cal
%MMMNW”%Q& types of noise, including gmwﬂ& sowmm_:a;.
noise, flicker noise, and crosstalk. | 8l
ccemargins: : arult, o
B. ZBmMma to ensure reliable ommnwsob A.um acircuit, it ig inport
1. wn ,Mmu ;t with appropriate noise margins. anty,
Mnamm margin is the amount of noise that a circuit cap i
2. without causing errors or E&.n:boﬁyoﬁm. ol y era
3. There are two main types of Evzma margins used to analjze i
i. Noise Margin High (NMH h : mum amgyp,
noise that can be added to the outputof a gate, while stj)] ensuy; of
that the output isinterpreted as a ﬁoma.m , ing
ii. Noise Margin Low (NML) :
noise that can be m.&mmm t
that the output isinter
4. The difference between:
;jmmunity of the gat

5. There are also tw ditional noise margins that can‘be yseq to

i, Setup Time ﬁ.., )2 T:, - is the minimum amount of tim

! wm%m EMEH mmu& M.Mm remain stable before the clock edge ,wmamMﬁ
to ensure proper latching of the input value... = .- .
Hold Time (T,,) : T, is the minimum amount of time that the

input signal must remain stable after the clock edge arrives, t,

ensure proper latching of the input value.

These two miargins are important for ensuring proper timing of the

Wniﬂ.,mmm avoiding timing violations that can lead to errors or

m,E.E..oao:m.

d. Describe different avﬂz‘wmvon.. power dissipation in VLSI

circuits.
Ang Refer Q. 4.11, Page 4-19F, Urnit-4.

e. Explain different faults defined in any VLSI circuits.
Aiig; Refer Q. 5.1and Q. 5.2, Page 5-2F, Unit-5.

vLSI Design

SP-21F ao-mms.dv
: SECTION ¢

3. Attempt any one part of the following :

a. Describe MOORE!, 5 .
Circuits. E’S Law. Give a detailed evolut

(10x1=10)
ion of VLSI

?igoowm.mh"
ARS pite, o Refer Q. 16, Page SQ-2F, 2 Marks Questions
Evolution of VLSI Circuits : N . .
evolution of VLSI &wnc:n”;m +Following is 2 briefoverview ofthe

L. First-generation VLSI (late 1960s-1970s) : Thé first VLSI circuits
were produced in the late 1960s and early-1970s, using PMOS
(p-type metal-oxide-semiconductor) ﬁmnww&oww. ,ww@wm circuit
consisted of a few thousand transistors; and were tised in &BEM
applications such as calculators and digital clocks,

2. Second-generation VLSI (late 1970s-1980s) : In the late 1970s
MOS (metal-oxide-semiconiductor):technology was introduced,
which allowed for ma,mmwmﬁ\ \bmmma%.mmbwmﬁmm and mBuHoﬁm
performance. This led to.the development of second-generation
VLSI circuits, which n@%mﬂmﬁ@ow tens of thousands of transistors
and were used in more complex applications such as microprocessors
and memory chips. p £

3. Third-generation VLSI (1990s) : In the 1990s, CMOS
(complementary metal-oxide-semiconductor) technology:became
dominant, allowing for even greater transistor<densities and
improved power efficiency. This enabled the development of third-

“generation VLSI circuits, which consisted of millions of transistors
\ and were used in advanced applications such as graphics processors
*  and digital signal processors. 7
4. Fourth-generation VLSI (2000s-present) : In the 2000s and
* beyond; advances in semiconductor technology have enabled the
development of fourth-generation VLSI circuits, which consist of
billions of transistors and are used in some of the most advanced
applications such as artificial intelligence and high-performance
computing. These circuits use advanced techniques such as FinFET
and 3D transistor structures to achieve higher densities and

improved performance.

/

b. Explain the Y-Chart VLSI design flow by describing each
arm separately.
Aiig: Refer Q. 1.1, Page 1-2F, Unit-1.
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19)
Cal

art of the following : (10
4 >§Bm& E“W MNMMUB Logical effort and calculate nrmxhun.
wmmm CMOS g-input NOR gate. 81

. Refer Q. 9.14, Page 2-20F, Unit-2,
s oal effort: Re
ang; Logic

Logicsl effort of 821
- g= memmnw\ OE inverter

OEF%%E.

NOR 2 Gate:

b. Define different gww of Scaling used in VLSI Design.
Anig; Refer Q. 2.16, Page 2-23F, Unit-2.

5. ?.883 any one part of the following : (10x1=10)
a. With a neat diagram make, the, layout of a 2-input AND
gate using CMOS.

SP-23F (EC-Sem.7)
ang: Truth table for two input CMOS AND circuit

vLSI Design

o

H o~ o ok
(=2
H o o o |«

[

np-CMOS logic:

Application : It is used for several analog circuits such as image .
sensors, data converters, and’highly integrated transceivers for
many types of communication.

6. Attempt any one part of the following : (10x1=10)
a. Explain the working and applications of a 6-T SRAM cell.
Aiis; 6-T SRAM-<ell means 6-transistor (6T) SRAM cell.
Working : Refer Q. 4.4, Page 4-8F, Unit-4.
Applications : Some of the key applications of 6-T SRAM cells
include :
1. Processor Cache : 6-T SRAM cells are commonly used in the
cache memory of microprocessors.
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SP- 6-T SRAM cells are also used in registey Ry o
2. wom-mnMM W“Mam the operands and results of arithmet, - ;B_nﬁ_w
arey e H%Bnmmmoam :
X -
3 MMW for frame-buffer mnonmmm, e memory, ge. oza”
memory structures.
Describe different types of ROM cells.
ﬁw.wm. Refer Q- 4.1, Page 4-2F, Unit-4.
f the wozoSEm & G
t any one part o o3
7 @wﬁﬂﬂm use of ablock diagram, define aum > m.ﬂo ot aH “N
= for testing a VLSI Circuit. ,
Ang, Refer Q.5.11, Page 5-8F, Unit-5.
b. Describe Built-in-Self Test amovuun:m mon. testing 5 i
Circuit. _
Ans Refer Q. 5.15, Page mlumm, GE»-
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- B. Hmow

e

.
Ans:

.\ gmmumbgno ‘between static power.a

SECTIONA
Attempt all questions in brief.

Why we need a low power ﬁwm
Refer Q. 4.13, Page SQ-1

Define LSI, MSI, VLSI a
basis.

Define ~omuamu mmmoivdﬁnv example.
Refer D m T; mwm molmm_ Unit-2, wgmmwm ﬁzmm_uoum

Wmmms@ 5. Ho%wmm SQ-16F, dE».m 2'M:
What E.m the problems i in mEm_m.vrwmm &oogw ?

. mﬁﬁ?vrmmm clocking muoogamu o S:um wnoEmBm

“Clock ‘skew.

High power consumpt )
Difficulty in clock distribution.
Scalability issues arise as tethnology scales down.

Distinguish between SRAM and DRAM.
Refer Q. 4.5, Page SQ-11F, Unit-4, 2 Marks Questions.

Enlist the advantages of using address multiplexing scheme
in DRAM cell. .
Refer Q. 4.6, Page mﬂlumﬂ.dE.n-ﬁ 2 Marks Questions.

Explain the term controllability. )
Refer Q. 5.5, Page SQ-15F, Unit-5, 2 Marks Questions.

Define the terms-Defects, Errors. i
Refer Q. 5.2, Page SQ-15F, Unit-5, 2 Marks Questions.
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SECTION B

e of the following : @0
amﬂ.m CMOS logic for the mc=o$m5m\&xow_nws

2. Attempt any
H_Bw_wbu.mﬂa ;
mﬁmmmw%w oD ii. Y=(A+B+C)(D+E).p
i I=

..: g input NOR gate. .
ﬁ%mw w«muwmw Q. 1.16, Page 1-19F, Unit-1.
Explain the Elmore Delay Model with suitab]e &mmu.mﬂ.

a.

.

wmm. Refer Q. 2.5, Page 9-7F, Unit-2.
i tages of dynamic logi
c. Enlist nrm.n&\wb . : W
logic M—.Moﬁa. Explain NORA CMOS _,o;meu. w&EEM
example. .
Anis; Refer Q. 3.11, Page 3-14F, Unit-3.
-d. Explain the various types O " OSOm

circuits.

ang Refer Q. 4.11, Page 4-19F, ) ,.

e. What are the different scan based techniques ? Explaj, builg
in self-test techniqgue. >

que : Refer Q. 5.13, Page 5-11F,

‘A, Scan based tec : ;
ofer Q. 5.15, Page 5-15F, Uni .

¥

Built in self-test

T DuriTe i
is need of VLSI testing ? Discuss about functiona] and
manufacturing tests. o N

Refer Q. 510, Page 5-7F, Unit-5.

What are various ﬁnoommmomomOEOm fabrication ? Explaip
twin tub processes « vith m&»wgm sketch.

CMOS Fabrication process : Refer Q. 3(b), Page SP-14F,
Solved Paper (2021-22).
B. Twin tub process :

L The twin-tub process (twin-well process) is a semiconductor
.mmvanmaou technique used primarily in the production of CMOS
integrated circuits.

2. In this process, two separate wells, or tubs, are created in the

silicon substrate to accommodate the n-t i
-type and p-type transistors
of the CMOS technology. e

Steps in twin-tub Process ;

L1 ion : By . i :
solation : Fielq oxide regions are grown to isolate devices. This is

typically done using Local Oxidat: g
Trench Isolation (STD). ! Oxidation of Silicon (LOCOS) or Shallow

SP-27F (EC-Sem.7)

Ol Separate

EF@ Photolith, o mplom P-vell v
. Rl > D - Tegions are defj
: %%32»8 s P wM ﬁw andion E%_muawsoP followed by EM&MMM
5 reshold gq; ;
4 adjustment * Adjust the

Anig; Refer Q. 2.6, Page 2-9F. Unj

b. Write short note on:
i. Logical effort i ii. . Parasitic delay.
Ans: Refer Q. 2.14, Page 2-20F, Unit-2.

5. Attempt any one part of the following : . (10x1=10)
a. Explain CMOS Domino circuit along with its features. How
it can be cascaded in VLSI circuits.
Auig; Refer Q. 3.8, Page 3-11F, Unit-3.

b. Explain the term voltage boot strapping in CMOS logic with
A suitable examples.
Atig: Refer Q. 3.5, Page 3-5F, Unit-3.

6. Attempt any oum. part of the following : (10x1=10)
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b. Draw t
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2.

3.
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i.” Ad Hoc testable desi

- However, adiabatic circuits

Solved Paper Amo.mw.m&

DRAM cell. Explain leakage and r

fregp
n

. ron.anwmﬂhg cells. =

.9, Page 4-3F, Unit-4.

" vouit diagram of SRAM and explain reag anq
he circ Eybpas IS I

t

;te operation: L
: .W.Mwmn Q.44 Page 4-8F, Uni

Attempt any one part of the following :
ol

in'the mo=o€w.~m ) y .
MM@MMHM testable design techniques

Fault types and models.

gn techniques Refe
MMHM .&ﬂam : Refer @.. 5.1, Page 5
Fault models : Following mode
to detect and diagnose faults

. X del assumes each signal line ¢

‘Qfock.at fault model : odtggesumes .- ‘an
sk itherlogi 0 r Iogic 1, Smplifing th analyss g
Wm.ﬂum uMoMMH.a molie i:m odel nmmeS.m the effects of short

circuits betwee
Transition f:
cause slow:-to ‘cumulativeé delays al

Path Delay fault model : Focuses on cumulative delays along 5
path, identifying faults that cause timing S&mﬁoﬁm.cgu critica]

soflines, analyzing potential v&mmgm.@c:m.
Tt targets delay faults by assuming defects
or slow-to-fall transitions on signal lines;”

toreduce energy loss. A e
This method contrasts sharply with the abrupt m&\;.&:m,m of
traditional CMOS, which results in significant power dissipation.

Adiabatic circuits frequently incorporate principles of reversible
computing,

- Thus, designing computational steps to be reversible and therehy

further minimizing energy loss.

- The primary advantages of adiabatic logic include significantly

reduced power consumption and lower heat generation.

. are more complex to design, requiring
Precise control of power clocks.

- M”ﬁ% also operate slower than conventional CMOS circuits due to
¢ gradual nature of their energy Tecovery process.

©e®
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Max, Marks : 100

ns. If require any missing data

suitably, ; then choose

SECTION A
Attempt all questionsin brief,
Define Moore’s law.

U @x10=20)
Refer Q.1.6, Page SQ-2F, GE?#&?W.@ .@mmmmobm. :

Explain the im
design. gy W
Importance of critical path analysis (CPA) ;

CPA s essential for o@ﬂaﬁ_.bmumﬁwoambom. power, and reliability.

portance of Mimnﬂw_uwﬁw analysis in VLSI

It identifies the longest delay path, determining the maximum clock
speed of achip. = . ™
CPAhelpsin timing closure, reducing setup and hold violations,
What is skin effect ?

Skin effect refi

toflow near the surface of conductors, r

0055»85@ egmmma%mmumwma a»., m lumped and &wi&.ﬁam
RC model. ‘

Ang -
S.No. | Feature _ Lumped RC model Distributed RC model
1. Transient Simple exponential Complex response -
response behaviour, involving wave
propagation.
e. What is charge sharing in dynamic CMOS circuits ?
Ang; Charge sharing in dynamic CMOS circuits occurs when charge

stored on a dynamic node is uniritentionally redistributed to other
connected nodes or parasitic capacitances.
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C-Sem- ‘
sp-30F (E :
i the cascading of .&SEEo mﬁmmn.. :
f. muﬁ_uu.u of &Swﬁmn gates involves connecting the outpyt N @
A % mmwwmﬂoumﬁm to the input of another.
VNNH .
i ween DRAM and SRAM.
g ER@—MBMWW»MM»MDLE. Unit-4, 2 Marks Questions,
Anig; Refer Q- &9 . |
List the @m& of non-volatile memories.
y r : List of non-volatile memory (NVM) :
Nﬁ% ROM (Read Only Memory)
9. Flash memory
3. EEPROM
4. Emerging NVMs.

S e
s

1L

iii.
iv.

rollability and Q,Wmnlmgmﬁ% in testing,

0 H 3 N
Explain con SQ-1 5F. Unit-5, N,.ﬂgm.awm Questions.

Refer Q. 5.5, Page

Define fault in the context of digital circuits.
A fault is any unintended deviation from the excepted behaviour of
adigital circuit due to defects, design error, or environmental factor,

.. SECTIONB

Eﬁmw-w!u any .ﬂ:.mm of the following : (10 x 3 = 30)
Illustrate the VLSI design hierarchy and describe the layers

L o.nwvm.nuwotou with examples.
“VLSI design hierarchy : Refer Q. 1.4, Page 1-5F, Unit-1.

Levels (Layers) of abstraction: Refer Q. 1.5, Page 1-7F, Unit-1.
Examples :

Behavioral or algorithmiclevel : Example: Y = A + B; in Verilog.
Data flow level : Example: assign Y =A & B; :

Gate level : Example: using and, or gates to implement logic.
Switch level : Example: pull-up/pull-down networks using nmos
and pmos primitives.

Analyze the effects of resistance, capacitance, and

inductance on interconnect performance in the distributed
RC model.

VLSI Design

'3. Inductance : F
a. High-frequency effects : Inductance becomes significant at high

C

SP-31F (EC-Sem.7 )

1, m.m.oo»m of resistance (R):
a. Signal attenuatijoy, . Re »
resistance ri

T contributes to the overall delay in the signal

; ay i i g
Capacitance (RC %r&.w + proportional o the resistance and the

¢. Noise ; Higher resj
noise, as the signal
2. Effects of capacitance :

a. Charging and g; sz n :
Gigns] Sbmzmm mmwnwﬁm._:.n : Capacitance affects how quickly a
fost the tators MM ﬁm 1. eﬂm time constant (1 = RC) determines how

€ct can charge and di impacti
speed of the circuit, ) &mnvmumw. wbﬁmanumgm i
b. M._m_m“wmosamﬂw : High capacitance can lead to-slower signal
115, Which can cause timing issues and dect i i
of the signal, 5 mu an\m«mmm B i

c. Cross talk: Increased capacitance between adjacent interconnects

can lead to cross talk. g V4T

L

m.ma:g&mmviymnm#omz mcmmmm&mou&m&m%mmnm&mg&obmmb
signal. : . e

-b. Skin effect : At high wnmn:.mu&mmv the skin effect omzmm;m...‘m.l the

resistance and inductance, which can further degrade performance.
Power &mni&ﬁmcﬁ : Inductance plays'a crucial role in power
distribution networlk. High inductance can lead 8,<o_$mm drops
and fluctuations, impacting performance. ; g

c. Explain the noise consideration 5 &Bwﬂmo CMOS design
and their impact on performance.

Aiis. Refer Q. 3.7, Page 3-7, Unit-3.

Impact of each noise source on performance in dynamic

CMOS design : :

Charge leakage : Reduces data retention time, requiring faster

clocking or frequent refreshing, which increases power consumption

and reduces energy efficiency.

ii. Charge sharing: Causes voltage drop at dynamic nodes, leading
to incorrect logic output.

e
.

iii. Clock feed-through : Injects noise into dynamic nodes, causing

signal glitches and timing errors.

iv. Cascading dynamic gates : Leads to race conditions and incorrect

evaluations, restricting pipeline depth and limiting speed.

S
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Define DRAM and SRAM and describe their basic owmwmﬁ.oz
principles.
DRAM and SRAM : Refer Q. 4.1, Page 4-2, Unit-4.

w&uamﬁom :

. ion
Basic operation Pri ; : .
te involves charging or sensing the cap acitop,

DRAM : Read/wri
voltage. dfwrite involves flipping or sensing the latch state

SRAM: Rea

Explain ad-hoc technique for testability F w noEvaﬁan
circuit. . i
Refer Q. 5.11, Page 5-5, Unit-5.

SECTIONC ..

., ,,\;mow%mwm“. (101~
Attempt any one part of the ! ng : ) x1=10)
Analyze the impact of CMOS propagation delay on circuit
performance, incorporating the concept of sheet resistance,

OEOmEovmmmm.oﬁm&wfmnrmngmmmmmd&n&mmmﬁonwm‘i .&Hocmr
a CMOS gate and significantly impacts circuit speeq and
performance. = . , p Yo

It depends on the resistance (R) and capacitance (C) of the transistors
and interconnects, modeled by the RC delay.

One key contributor to resistance is sheet resistance (Rs).
Higher sheet resistance increases the gate or interconnect
resistance, leading to greater RC time constants and hence longer

.. propagation delays.

As feature sizes shrink in EH. interconnects dominate delay more

“than transistors.

Longer or narrower wires increase resistance, while parasitic
capacitance grows with wire proximity.

This worsens the RC delay, reducing speed and limiting clock
frequency. ‘

Thus, minimizing sheet resistance through better materials,
optimizing interconnect layout, and using low-k dielectrics is crucial.
Efficient delay management ensures high-speed operation, timing
reliability, and lower power consumption in CMOS circuits.

Define the critical path in VLSI design and explain its
significance in timing analysis.

VLSI Design
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4. Attempt any one part of the following :

a. Deri (10x1=10)
oMEm the RC .&&m% model for a given interconnect circuit
o and calculate jtg transient response. :
Aiig; Consider adis

bl tributed RCline (modeling wwﬁmwﬁmﬁogm& as shown

Assumptions : A

L. The wire is modeled as7 segments. .\

2. Each segment has a resistance R and capacitance C, ' LG

3. For simplicity, we considér & single segment (first-order RC bwmmm_v.
Let’s model the interconnect as a simple RC circuit ;"
Derivation of the output voltage (Transient response) : Apply
aunit stepinput : X Y
Vi) = Vpp - ult) .
The governing equation from Kirchhoffs law :

. ) &Sa
a\wbla\qo:ﬂuw ‘= i O dt n.
Rearranging : s
&Scn +|.._.| = E

dt RC ™ RC
Solving this first-order linear differential equation, we get :
V(8 = Vpp (1 - e HEC)
This is the transient response of a simple RC interconnect.

b. List and explain the parameters affecting interconnects in
VLSI circuits.
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:nterconnects in VLSI circuits ;

meters affecting 1nter e .
ect
ct resistance cts signal delay ang Powey

Ang: Para
1. wmmmmnmbemuggwncb:m
dissipation. It is given by
L _ R L
R=P " w

t capacitance arises due to ;.

2, Capac nnec dotet
wmoﬂmmb adjacent interconnects and the substrate. It consists o%m

i Line-to-ground capacitance (C,) : Capacitance betwoey
interconnect and substrate. .

ii. Line-to-line capacitance (C,) : Capacitance between adjacep;

interconnects (coupling nmvm&nmﬁnmv.

Total capacitance isgivenby :
eA

= —

d
terconnects exhibit inductance due to magnet;,

3. Inductance (L):In

fields generated by current flow.

L= m%m ,where L = Interconnect length
(Interconnect propagation delay) : The RC delay

4. RC Delay
determines how fast a signal propagates through an interconnect

It is given by,

itance : Interco

t; = 0.38 RCL?
rosstalk (Interconnect noise) : Crosstalk occurs when an active

5. C
nnect induces noise in an adjacent interconnect

signal in one interco
due to capacitive and inductive coupling.
6. Skin effect (High frequency impact)
current tends to concentrate near the surfac
reducing the effective conductive cross-sections.

: At high frequencies,
e of interconnects,

5. Attemptany one part of the following : (10x1=10)
a. Analyze the problems associated with single-phase clocking

in dynamic CMOS circuits.
Anig; Refer Q. 3.13, Page 3-16F, Unit-3.

b. Describe the steady-state behavior of dynamic CMOS gate

circuits.
Ang: Refer Q. 3.3, Page 3-3F, Unit-3.

M mﬁnmwumn any one part of the following : (10 x 1 =10)
xpiain the .&n.mwmunmm between volatile and non-volatile
memories with examples.

VLSI Design
g@ "SP-35F (EC-Sem-7)
‘S.No.| Param Ve
eters | - i Sy
Do atile memory [ Non-volatile .
. 10n Tem - TOmory
1porary memor
- storingdata | storigietn
’ ower su i
PPly | Requires consistent No power is needed to
power supply retain data

3. Read/write w
Fast i
N er read/write speed mﬂoemma read/write
P spee

4, Data transfer | Quick data transfer

Slower data transfer

5. Process P N
i émﬂwmmm can read and | Process cann w\sﬁnm
6. Storage Limi it =
imited storage i ’ iti
capacity capacity * m_mw m mﬁmmm depeties
Cost Expensive and less \hamﬁ-mmmmonm«ﬁm. larger
storage _|’storage
8. Example RAM, Cache Emwpcﬂw ROM, flash memory,

hard drives

b. Analyze the power consumption in CMOS circuits and the
- vaw_on of voltage scaling on power mmmom)oum 4
& Power consumption i ircuits : Refer Q. 4
e ption in CMOS oﬁ.o:w_m S wmmms Q.’4.11, Page
Impact of voltage scaling on power w».»mommlmw :
1. Voltage scaling greatly improves power efficiency because dynamic
power has a quadratic dependence on supply voltage (V2). Reducing
V significantly lowers power, makinglow-power design feasible for

portable and battery-operated devices.
9. However, voltage scaling also reduces switching speed and increases

delay, impacting performance.

7. Attempt any one part of the following : 10x1=10)
circuits and their impact

a. Define common faults in digital

on circuit behavior.
Ans. Common faults: Refer Q. 5.1, Page 5-2F, Unit-5.
Impact on circuit behavior : .
1. Impact of physical defects : They physically m.memm the
structure of the circuit and often lead to permanent failures.
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i : They may cause intermi
2. Impactof electrical faults : : rmitten
%mw&mm signal levels, or timing BHman&um.m. terr ors,
3. Impact of Jogical faults : These faults impact the funct;
correctness. : 10ng]
b. Analyze the functional modeling of faults at the logj
register levels. g1c ang

at logic level : Refer Q. 5.5, P
. J, mm.m mIA.H‘J

Unit-5.
1 at register levels (or Regist
er nm.m:mm.
er

AR
A. Functional model
B.
fer Q. 5.6, Page 5-5F, Unit-5...

Functional mode
Levels (RTL)) : Re

©e©




