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14.4  FAULT SIMULATION

~ There are several algorithms for fault simulation: serial fault simulation, parallel
fault simulation, and concurrent fault simulation. Next, we shall discuss each of
these types of fault simulation in turn.

14.4.1 Serial Fault Simulation

Serial fault simulation is the simplest fault-simulation algorithm. We simulate two
copies of the circuit, the first copy is a good circuit. We then pick a fault and insert it
into the faulty circuit. In test terminology, the circuits are called machines, so the
two copies are a good machine and a faulty machine. We shall continue to use the
term circuit here to show the similarity between logic and fault simulation (the sim-
ulators are often the same program used in different modes). We then repeat the pro-
cess, simulating one faulty circuit at a time. Serial simulation- is slow and is
impractical for large ASICs.

14.4.2 Parallel Fault Simulation

Parallel fault simulation takes advantage of multiple bits of the words in computer
memory. In the simplest case we need only one bit to represent eithera '1' or * 0" for
each node in the circuit. In a computer that uses a 32-bit word memory we can simu-
late a set of 32 copies of the circuit at the same time. One copy is the good circuit, and
we insert different faults into the other copies. When we need to perform a logic oper-
ation, to model an AND gate for example, we can perform the operation across all bits
in the word simultaneously. In this case, using one bit per node on a 32-bit machine,
we would expect parallel fault simulation to be about 32 times faster than serial simu-
lation. The number of bits per node that we need in order to simulate each circuit
depends on the number of states in the logic system we are using. Thus, if we use a
four-state system with *1', *0*, 'X' (unknown}, and 'z* (high-impedance} states,
we need two bits per node.

Parallel fault simulation is not quite as fast as our simple prediction because we
have to simulate all the circuits in parallel until the last fault in the current set is
detected. If we use serial simulation we can stop as soon as a fault is detected and
then start another fault simulation. Parallel fault simulation is faster than serial fault
simulation but not as fast as concurrent fault simulation. It is also difficult to include
behavioral models using parallel fault simulation.

14.4.3 Concurrent Fault Simulation

Concurrent fault simulation is the most widely used fault-simulation algorithm
and takes advantage of the fact that a fault does not affect the whole circuit. Thus we
do not need to simulate the whole circuit for each new fault. In concurrent simula-
tion we first completely simulate the good circuit. We then inject a fault and resimu-
late a copy of only that part of the circuit that behaves differently (this is the
diverged circuit). For example, if the fault is in an inverter that is at a primary out-

761




762 CHAPTER 14 TEST

put, only the inverter needs to be simulated—we can remove everything preceding
the inverter.

Keeping track of exactly which parts of the circuit need to be diverged for each
new fault is complicated, but the savings in memory and processing that result allow
hundreds of faults to be simulated concurrently. Concurrent simulation is split into
several chunks, you can usually control how many faults (usually around [00) are
simulated in each chunk or pass. Each pass thus consists of a series of test cycles,
Every circuit has a unique faul-activity signature that governs the divergence that
occurs with different test vectors. Thus every circuit has a different optimum setting
for faults per pass. Too few faults per pass will not use resources efficiently. Too
many faults per pass will overflow the memory. '

14.4.4 Nondeterministic Fault Simulation

Serial, parallel, and concurrent fault-simulation al gorithms are forms of
deterministic fault simulation. In each of these algorithms we use a set of test vec-
tors to simulate a circuit and discover which faulis we can detect. If the fault cover-
age is inadequate, we modify the test vectors and repeat the fault simulation. This is
a very time-consuming process.

As an alternative we give up trying to simulate every possible fault and instead,
using probabilistic fault simulatibn, we simulate a subset or sample of the faults
and extrapolate fault coverage from the sample.

In statistical fault simulation we perform a fault-free simulation and use the
results to predict fault coverage. This is done by computing measures of observabil-
ity and controllability at every node.

We know that a node is not stuck if we can make the node toggle—that is,
change froma '0" to '1* or vice versa. A toggle test checks which nodes toggle as
a result of applying test vectors and gives 2 statisticai estimate of vector guality, a
measure of faults detected per test vector. There is a strong correlation between
high-quality test vectors, the vectors that will detect most faults, and the test vectors
that have the highest toggle coverage. Testing for nodes toggling simply requires a
single logic simulation that is much faster than complete fault simulation. '

We can obtain a considerable improvement in fault simulation speed by putting
the high-quality test vectors at the beginning of the simulation. The sooner we can
detect faults and eliminate them from having to be considered in each simulation,
the faster the. simulation will progress. We take the same approach when running a

. production test and initially order the test vectors by their contribution to fault cov-

erage. This assumes that all faults are equally likely. Test engineers can then modify
the test program if they discover vectors late in the test program that are efficient in
detecting faulty chips. '

14.45 Fault-Simulation Resuits

The output of a fault simulator separates faults in@/sgve}al fault categories. If we
can detect a fault at a lgcation, it is a testable fault. A testable fault must be placed
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St. Joseph’s College of Engineering
Department of ECE

ECT1401: VLSI DESIGN
Question Bank

PART-A
UINIT-I
] | What arc the materials used for masks in ic tu,hnolocf\ N
2 What are the advantages of twin tub process?
3 What are the advantages of EBL pattern ”leldllOD
4 What are the types of oxidation?
E What arc the types of ctching process?
4] What are the advantages of SOT CMOS process?
7 What is a lhmo‘-( ) )
8 How 1s the channel stop implant made?
9 What are the types of interconnect?
10 What is BICMOS?
11 What is latch-up? 7 _
12 List the two techniques that can be used (o prevent lateh-up.
13 What 15 guard ring? ) ) 4
14 How ts a capacitor created in CMOS fabrication process?
[5 How is a resistor ¢reated in CMOS fabrication process?
16 What is the objective of the layout rules?
17 What are the types of layout design rules? -
18 What is scribe line? _
19 What is passivation or overglass?
20 List the four main CMOS technologies.
21 Draw the circuit of a CMOS 2-input NAND gate.
22 Distinguish electrically alterable and non- clumulll\ alterable ROM.
23 List the sequence of steps to create the physical ld) out of an inverter.
24 Draw the physical layout of 2-input NOR pate
25 What is Lambda-Based design rule?
UNIT-II
i Draw the structure of'a nmos enhancement 1lans15t01
|2 Draw the characteristics of' a n- lenml & p- Lh’lﬂlh,l cnhancement transistor.
3 What are the advantages of S]()g as a dielectric?
4 State the parameters on which threshold U]t(lsct‘- is dependent on.
5 What is a field induced junction? )
6 What are the factors that influence the drain current.
7 - Detine cut — off and saturated regions in the characteris lSULb of an MOS transistor,
8 | Define threshold voltage -




| 9

B Define Body ettect.
10 What is channel lenuth modulation?
11 Draw the small signal model of a MOS tmnslstm
12 Define noise margin. [llustrate how it can be obtained from the transler characteristics of
a CMOS Inverter.
13 What is a transmission gau,
14 Why is the transmission of logic 1 dcs_mde d as it passes thmwh 4 nMos pass transistor.
5 Why is the transmission of logic 0 degraded as 1t passes IthUh A pmos pass transistor?
16 Draw the structure & symbol of a CMOS i - state inverter.
17 Write the equation for total power dissipation. .
18 Detine rise time (t, ).
19 Define fall time (&) )
20 Define delay time (1g;.
21 Compare NMOS & P\/l()% devi u,u,
22 Compare en}mmetm,nt and dtp]a,tmn moda. dev ices.
3 What is static power dissipation?
24 What is dynamic power dlsslpﬂtlon?
|25 List three modes of MOS transistor.
~ UNIT-1 _
1 What is meant by continuous assignment statement in Verilog HDL?
2 List out different data types in verilog.
3 What are the types of modeling in \CIIIO”’ N
4 What is HDL? Name two types of H_D_Ls.
5 What is Module?
6 What is a task in Verilog?
7 What is the kev differcnce between an mmal statement and dn always statement?
8 List any two capabilities of V elliogf__.”
9 What is value set? o
10 Detine net.
11 What 1s UDDP? i
12 What are the i\«'peq ol event control?
13 Detine an 1du"111heI
14 Define a port. How is it declared?
15 | What arc the types of structural modeling?
16 List the types of Gate delay. .
17 What are the types of procedural ci%slgnmc,m 7
18 What is the difference between reduction opemtol and bitwise opc.rator’
19 What is inter-statement dclay?
|20 What is intra-statement delay? ) )
21 Give the structural coding of an Half adder. L
22 Give the behavioral coding of 2-input A\D gate.
23 Give the symbol, Truth table and syntax oi buhﬂ
24 Write the syntax for gate primitive instantiation.
25 What is replication operator?

UNIT-TV




1 Draw the symbols of N & P - S\\-'il'chcs B
2 What is a crowbarred state?
3 Draw a CMOS NAND gate with its pull —up & pull - down Truth table.
4 Draw the symbol of a 7'i;’p CMOS Mux.
5 Draw a CMOS positive level sensitive D latch,
16 What 15 22V 1(?
7 What is CLB?
8 When is a full custom ASIC designed? h
9 What is a wafer lot?
10 What is a mega cell?
11 What is a gate array? k
12 What are the types o’ Masked gate arrays
13 List the features of Channeled eate array. Channelless oare ana\ and Structured gate
array.
14 List the features of PLD.
15 What are the types of PLD"s? )
16 What are the Essential featurcs of F'P'(;}_A 7
17 What FAMOS?
18 | What is the difference between F ull -custom ASIC and semi-custom ASIC?
19 What is the difference between CBIC and MGA?
20 What 1s SOG?
21 What is Antituse? )
22 What is PLICE?
23 What is ViaLink?
24 What is the disadvantage of medded Gate Array
25 Mention the ChdldCtCIl%llLS of 22V 10 _
 UNITV
] List some tvpical defects in the manufacturing of IC.
2 What are SAO & SAI faults? o
3 Define observability and controllability. .
4 What 1s fault sawpling?
5 What 15 a sensitized path? -
6 What are primary i/p’s and o/p’s? _
7 State the 3 types of fault simulation process.
8 What is delay fault testing?
9 What is ILA testing?
10 W ]mt arc the advantages & hsad\ amaous of IDDQ”
11 What are the various connections ol a Test Access Porl.? (1 \P
12 Describe the test architecture of a bULlnddl\ scan using TAP
13 What is a TAP LOﬂ[I’O“QI o
14 Explain BYPASS .EXTEST. SAMPLE /PRELOAD. B
15 What is a test DR?
16 What are boundary scan 1u=1%tels Y L -
17 What is short circuit and open uuull lauhs

18

| What is JTAG?




19

What is Fault coverage?

20 Expand ATPG & SCOAP
21 How are sequential faults cauSpgi in CMOS?
22 What is BIST?
3 1 What 15 1.S51D7 a
24 What is concurrent simulation? B
25 List the three approachces of Deswn for tcstabllm
PART-B
| —UNIT
1 (i) Draw and explain the n-well process (10)
(i) Explain the twin tub process with a neat diagram.(6)
2 Explain the various steps involved in p-well CMOS fabrication with neu:ssary diagrams
(16) |
3 Explam the terms (16)
(a) Oxidation
(b) Ipitaxy
(¢) lon implantation
(d) Diffusion -
4 (i) Explain SOI process in detail. {10)
(11) What are the advantages of SOI process? (6)
5 (i) What is interconnect? Explain difterent types of interconnect. (8)
(11) Explain the fabrication of circuit elements in detail. (8)
6 (1) Discuss the origin of latch-up problems in CMOS circuits with necessary
diagrams. Explain the remedial measures.(10)
(1) Draw and cxplain briefly the n-well CMOS design rules. (6)
7 Explain a sequence of steps to create the physical lavout of an inverter. NAND & NOR
gates with neat diagram.(16) B
8 | Lxplain Layout design rules. (16) -
9 Write notes on
(1) Design rule Backgrounder(6)
(11) CAID 100t sets(d)
(111)Design Hierarchy(3)
10 (i) What is latch-up & how is it triggered?
(ii) State & Fxplain the condition for prevention of latch-up,
C e [INI I- ]I T
1 Explain the operation of NMOS enhancement MOSFET with neat characteristics curves.
(16) o
2 Explain the CMOS inverter DC characteristics.(16)
3 Write notes on (1) The transmission gate. (8)
(i) Noise margin lor a CMOS Inverter. (8)
4 Derive the expression for the fall time and rise time of a CMOS iny erter. (16)
3 Explain the operation of PMOS enhancement MOSFE T with neat characteristics curves.
(16)
0 (1) Explain body e¢ffect. (6)

(11) Derive the expression for threshold voltage for nMOS transistor




Derive the DC equations for a NI\-'IOS.U‘&I]S&:SIOI‘ (10).

8 (1) Discuss the small signal model of an MOS transistor .(8)
{11) Explain Static power dissipation in a CMOS inverter(8)
9 Explain power dissipation ina C MOS mverter. (16)
| 10 | Write notes on
(1) Channel length modulation & Mobility variation (8)
(11) MOS models & tristate mverter (8)
UNIT-II -
1 (1) Give a Verilog structural gate level deseription of 2-bit magnitude
comparator, (1
(11) Give a brict account of timing control and Gate delay in Verilog.
(6)
2 Write notes on
(1) VLLSIT Design flow., (8)
| (11) Design Hierarchy. (8)
3 (1) Ex plain about the switch primitives used in Verilog HDL
(8)
(11) Write the behavioral and structural description of 4X1 MUX in Verilog
HDL ®
4 (1) Explain Behavioral RTL Modeling with an example. (8)
(1) Lxplain switch fevel modeling with an exampl e. (8)
5 (1) Construct CMOS 2-input NAND and NOR ¢ gate with required truth tables.
Write the verilog code using NMOS and PMOS primitives.(12)
(i1) Explain how to model resistive clements and power supply in verilog
HDL.(4) e
6 (1) Give a Verilog structural gate level description of a ripple carry adder. (10)
(i1) Write a brief note on the conditional statements availabte in Verilog. (6)
7 (1) Write \’LI‘I]O” code in structural and Behavioral modelmgj to describe the
operation of a priority encoder(10)
(i) Write Verilog code in data flow model to describe the operation of equality
detector. (6)
8 Explain different t\ pes of operalmx in V ulhw HDL with e\ample(l())
9 (1) Explain the number specification nu—.[hodolog} with examples for verilog
HDI.. {6)
{11) Explain major capabilities of verilog HIDL. (10)
10 (1) Describe the operation of D-FF in Behavioral Moddmu (6)
(11) Describe the operation of Full adder in data flow modeling.(6)
(iii)  Write notes on procedural assignments. (4)
UNIT-TV
1 (1) Draw the ASIC design flow and ex plain(&)
(11) Draw the structure of Xilinx C onfigurable Fogic block (8)
2 Lxplain the types of ASICs with neat diggram (16)
3 Write notes on programmable logic devices. (16) N
4 Explain the architecture of reprogrammable cate array(1 0)
5 (i) Write short notes on Antifuse and ViaLink (8)




(i1} Explain the working of a programmable interconnect using pass transistors, (8)

6 (1) _ué_r:: ‘Hot Flectron _Ern:c: with neat L:_E.m::mw

(11) Implement the (nction () Z=({AB+ (YD)’ (4)

(D) ZHAIBRCHD) (4
7 (1) Design a positive edge triggered 1 register using
Transmission gates & explain its operation (8)
(11) Design CMOS logic .&Em or the given function
Z=((ABy-C.(A1 B)) (8) |

8 Construct and e explain 2X1T MUX and 4X | /; X :i:: fransmission pates
9 (1) Explain the architeeture of 22V10 (8)

(i1) Explain the programming ? techniques of PALs(8)
10 (1) Explain Actel Programmable [/0) P; 1d(8)

(11) Lxplain the structure of Actel logic element and QuickLogic logic cell. (8)

T/_: Vo i o
1 (1) What ts the need for ¢ ﬁ:::o () -
(1) Write notes on (i) Functionality Test (6)
(i) Manufacturing Test (6) - -

2 (1) Explain the ditferent fault models.(8)

(i1) Explain ATPG. (8) - o
3 Explain self-test Techniques.(16) o
4 Explain the principles of Ad-hoc Testing. (l16) -
5 Explain system level test Hmr_:,_:_:rHlA 16) .
6 (1) Explain the SCOAP algorithm for %Z:E:: controllabilities &

observabilities of a logic circuit (8)

(11) Explain Fault Grading and Fault simulation (8)
7 (1) What is DFT? Explain Statistical Fault MEEJ._@; and Fault Sampling.(12)

(1) What is IDDQ testing? (4) B - -
8 (1) Explain LSSD.(8)

(11) xplain how serial scan testing 1s implemented (8)
9 Write notes on (1) Partial Serial sca %f

(11) Parallel scan(8) o

10 Explain the chip level test techniques. (16)




