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Fault ssmulations and test pattern generation

Purpose:

The purpose of this assignment is for us to undedsthe importance and complexity of designingdagi
successful test fault. For simple designs, 100% tawver should be possible, although with largesigns this
may be impossible due to the existence of unddikcfaults because of redundancy in a circuit.

First of all I am going to try to obtain 100% faativerage for the simple full adder circuit.

Task 1:

Full adder block:

Exhaustive fault matrix(I've highlighted the errors in grey and bold)
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As we can see all the stuck@0 and stuck@1 in tdesw¥ and Z don't change the output S. Hopefuligéh
stuck-at faults are detectable with the Co output.

I'm going to simplify this fault matrix, but as rkmowledge in Excel is not yet wonderful, I'll desimply.



# Fault matrix for the output Co: (I've marked the errors byk™ and deleted the rest)

INPUTS: |OK A@0 | A@1 | B@0 | B@1 | Ci@0 | Ci@1 | X@0 | X@1 | Y@0 | Y@1 | Z@0 | Z@1
A B Ci|Co C1 C2 C3 C4 C5 C6 C7 C8 C9 Cl10 | C11 | C12
0 0 O 0 X X
0 0 1 0 X X X X
01 O 0 X X X X
01 1 1 X X X
1 0 O 0 X X X X X X
1 0 1 1 X X X X X X
1 1 O 1 X X X X X X
1 1 1 1 X X X

Here I've just kept all the data concerning thepouCo.

Simplification for the outpu€o:

I've used the Quine-McKluskey technique equivatergimplify the previous fault matrix.

A B Cilco |c179/c2 | c3 | €4 |c5 |C6 | €8 |C1012) Cl1
Vilo 0 o] o | | | X |
v2|o o 1| o X X %
vilo 1 of o X Xi X
vV4alo 1 1| 1 X ! X ! ! ! X
L B B B B - EREEER e Pl S
V61 o 1| 1 X | X | X | X
vi|t 1 o] 1 X X ! I Y , X
vel1 1 1| 1 : : : X X

The vector V5 can detect the faulig, C6, C8, C10, C11landC12.
The vector V3 can detect C2, other faults deteethblng already detected.

The vector V4 can detect C3 and C5 (other faultsafable being already detected).

And the vector V6 can detect C1, C7 and C9 (othelts detectable being already detected).

These 4 vectors are sufficient to detect all thit$a

& Fault matrix for the output S:

Now I've just kept all the data concerning the attp:

INPUTS: |OK A@0 | A@1 | B@0 | B@1 | Ci@0 | Ci@1 | X@0 | X@1 | Y@0 | Y@1 | Z@0 | Z@1
A B Ci S S1 S2 S3 S4 S5 S6 S7 S8 | S9 S10 | S11 | S12
0 0 O 0 X X X

0 0 1 1 X X X X X

01 O 1 X X X X X

01 1 0 X X X

1 0 O 1 X X X

1 0 1 0 X X X X X

1 1 O 0 X X X X X

1 1 1 1 X X X

As | said previously, the stuck@O0 and stuck@1 enrthdes Y and Z don't change the output S.




Simplification for the outpu$. (same process)

A B Ci S S1 B2 $3| s4 S5 86 | S7,8 |s9,10,11,12
Vilo 0o o] o X X X |
V2|0 0 1 1 X | X X ! X
1V3{-9--1--0-f---t-{------ rx?( ——————————————— SO B
V4alo 1 1 0 X X X ! !
vs[1 0 o 1 X ! X X
V61 0 1| o | X | | L xx X
V7|1 1 o0 0 X X X X
vel1 1 1| 1 X ! X X : :

The vectoV3 can detect the faults S2, S3, S6, S7d@dan detect S1S4 S5
These 2 vectors are sufficient to detect all thdt$aand that's perfect because we are alreaaigdoiuse V3,
V4, V5 and V6 to monitor faults on the output Co.

# We can conclude that we just need the vedt@rsv4, V5andV6 to detect if the full adder is faulty.

Last minute modificationSCAN PATH SENSITIZATION

a g aOp If we want to test the stu_ck@fault in the wXewe need to "(_)pen up" the good path. W
0 0 0 thus have to select special values to be ablegtdhseam effect in output.
0 1 1 - As the "xor" table show, if we have A = 0 and >Os=then in the output S we'll have the
samevalu&§ =AOX =00D=D.
. 0 1 - But to obtain this value D in the wid¢, we need to choose between {B,Ci} = {ID,1}
1 11 0 | and{B,Ci}={1,D}=>X=BOCi=10!D=D.
0/D | D/O D - As we need either B =1 or Ci = 1 (the other géd) thusZ=B x Ci=1x !ID =D
1'D|!ID/1 D | ThenasZ=DandY=0th@® =Z+Y=ID+0=1D

Note:"!D" ="not D" | Note: "x" designate the AND; "+" designate the OR""designate the XOR.

=> We thus obtain the Test vecii in the following table:

Blci| x % 7z |l co S But the path sensitization is not complete with Weetor
0 D 0 D T1 because a stuck@fault in the wire Y is not detdeta
ID/1|1/'D| D D | D
| T I I | : We thus need to create another test veE®band we can
O 'DAJIAD] D © | ID]ID D process with the same technique:
D 0 D
D |01]1/0] 1 We want to see what's happening in Y then we need®Z
[T2f{ b Jon]w] 1 o]l o]D tohaveCo=D+0=D

WithA=D,toobtainY=Dweneed X=¥E1xD=DthenweneedBCi==X=001=100=1
With these values, we finally obtath=Y + Z=0+ D =D.

Note: | didn't draw the path for the veciid@ but the principle is the same.



Task 2:

# In this task we are going to demonstrate howelseget produced in task 1 can be applied to addéer
embedded in the final multiplier. As we have seetask 1, we can detect if the full adder is fawtth 4 test
vectors. The systolic multiplier contains 8 fulldads (fa). Each of them is connected similarly gxt¢le last
one that feeds back the MSB:
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The test becomes really harder because C_out isaeldin the C_in (with a D flip flop on the way)@&s is
injected in the next full adder (also with a D ffipp on its way!)

The problem is not finished; we control just 1 ihptieach full adder and only 1 output of the 8chid
We thus have to generate a sequence of vectorsrnaanthe result in the output.

For that we will assume that the output of the congmt summ, called wire_S, will be observable @i, iit's
not a nightmare to test, it's a full day in hell).



inad4
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Other delicate point, before arriving in input ohsm, this sequence of vectors has to pass by ¢hstee A
(regA) and to be multiplied by the LSB of the regi8 (b_piso) ! !'!

Hopefully, the path sensitisation is not reallychto manage, the multiplication part is done byral lof AND
gate which input are wire_B on 1bit and wire_A dnit§

wire B wire_ A
B

B
wire mult

We just need to load 11111111 in the register B the value in wire_B will always be 1 which is theutral
element of the logical AND.

This component will thus finally behave like ani&lbus with wire_A in input and wire_mult in outpu



By keeping the previous discussion in mind, we faaally consider that we just need to test the congnt
described in the following diagram. We just neegutse the loadA signal to allow the register Aeesing its
internal value to the next module: (the intermeslidND gate being "path-sensitized")

| ¥] 1 V] | | | ¥ A
Fa {1 FA HL 1 Fa e FA [ Je{ FA R0 Fa >

e EE Elvi T EE :E EE 3 :

We now have to think about sequences that candapeothe 4 test vectors found in task 1:

A|B|Ci
v3[0]|1]|0
V4|0[1]|1
V5[1]0]|0
V61|01

The sequence to get the test vector V3 is:

- load 0x00, clock the dff. => all the latch inpat® thus set at O.
- load 0x00, clock the dff. => all the latch outpatre thus set at O then Ci = A =0.
- load OxFF. => all the inputs B are at 1 (with=CA = 0), the test vector [010] is thus sent.

The result in S must be 0+1+0Q14f no fault, we just need to load 0x00 and clodiknges. /
The next &)UT bits should thus b& which is the 8 results S of each addition in ezalh

The sequence to get the test vector V4, V5 andartbe obtained similarly; | thus won't treat them.

# This module is hard to test compared to the hi¢ggdyable register A or the "big AND gate".

But it's nothing compared to the register B in Wwithe own internal clock generator is an headatige3 PISO
dff (that can be considered as combinatorial) nilétiplexers (that are also combinatorial)... or tagister C
that has tristate gates, 16 SIPO dff with a setlferMSB and reset otherwise...

It appears quite obvious after this task, thatabemponent is sequential its test can really bd,Haurt if it is
combinatorial (without too much logic feedbacks thstability becomes easily really high.



Task 3:

# In this task we are going to try to generate aidategy plan for our multiplier design. We wdlscuss
possible standard designs for testability methbdsdould be applied to the multiplier to make drentestable.
As assumed in task 2, to make the multiplier mestaible, we need more observability.

This observability can be increased by with sevig@hniques:

The simplest one is to add outputs to monitor nternal components; but if we have a 64 bits miidtion
(like on my computer), the result has to be on BiE8then internal registers of this multiplier daon 128
bits as well and several others on 64. That'sesaible, the power consumption would be terrible.

To give an example, the *.rpt file created by Mabkuspafter compilation of my gate level multiplieports a
quantity of 35 pins used over 48 (the 2 othersdenmobably for the power supply):

I Shareable External
 Logic Array Block Logic Cells I/0 Pins Expanders Interconnect |
EI’I LC1 - LC16 416 25%) 12/712(188%) 1/16( 6%) 6/36( 16%) E
EB. LC17 - LC32 16/16(100%) 8/12( 66%) 3/16( 18%) 28/36( 77%) E
- LC33 - LCA4B 16/16{100%) 4/12( 33%) 12/16( 75%) 26/36( 72%) |
ED' LC49 - LCAY 16/16(1068%) 11/12( 913) 4716 25%) 28/36( 55%) E
ETutal dedicated input pins used: 274 ( 508%)

{ Total 1/0 pins used: 35748 { 72%)

;Tutal Togic cells used: 52764 [ 8T5)

! Total shareable expanders used: Li6h { 6%)

| Total Turbo logic cells used: 52/64 { 81%)

ETutal shareable expanders not available {nfa): 16/6% { 25%)

| Average fan-in: 5.11

' Total fan-in: 266

ETutal input pins required: 20

' Total output pins required: 17

| Total bidirectional pins required: i}

ETutal logic cells required: 52

fTotal flipflops required: ce

ETotal product terms required: 188

| Total logic cells lending parallel expanders: a

ETutal shareable expanders in database: 3

But as we have just used 50 storage elements amduwi@ think to another technique:

Scan Path

The principle of the scan path is to slightly mgdifsequential circuit to test it, into a combimetiocircuit.

As a sequential circuit is based on a combinateitalit and some storage elements (also combiiaafoom
another point of view), the scan path consistoimecting together all the modified storage elesiemform a
long serial shift register with 2 different purpes&he fist part allows initialising the combinasbrcircuit to
monitor its output using the second part. The mdkstate of the circuit can thus be observed antralled by
shifting (scanning) the contents of the storagenel#s.

The shift register is then called a scan patlstdsage elements being a kind of multiplexed flgpf that can
be called MDFF or LSSD latch (for level-sensitivas design).

The sequential circuit containing a scan path Wasmodes of operation: a normal mode and a tesemdtich
configure the storage elements in the scan path.

-In the normal mode, the storage elements are coehéo the combinatorial circuit, in the loopsioé global
sequential circuit, which is considered then asitefstate machine.

-In the test mode, the loops are broken and thagtoelements are connected together as a sdfiakgjister
(scan path), receiving the same clock signal. Tipati of the scan path is called scan-in and thputigican-out
(or L2 in the next diagram). Several scan pathsbeaimplemented in one same complex circuit i it i
necessary, though having several scan-in inputseara-out outputs.



As | said previously, we have just used 50 stoegments and we don't need LSSD latches for 100&teat.
As a multiplexer is made with 2"and gate" + 1"oted+1 inverter) we can realise a simple scanghthjust
using 4 other 1/O pins per register tested andch@ragates per MDFF. It seems that the LSSD latdotighat
much far of a DFF, differences: 2 NAND + 1 INVERTER2 NAND 3 inputs instead of NANL2 inputs

— S —_

LSSD latch: / -7

Boundary Scan

Boundary Scan Test (BST) is a technique involvicenspath and self-testing techniques to resolverblelem
of testing boards carrying FPGA or VLSI integratédtuits... Printed circuit boards (PCB) are veense and
complex, that most test equipment cannot guaragded fault coverage.

BST consists in placing a scan path adjacent tbh eamponent pin and to interconnect the cells deoto
form achaivnQaround the border of the circuit.

{ TESTABLE

The BST circuits contained on a board are then ectexl together to form a single path through therdo
(require less 1/O that my previous idea, but itrencomplex to use). The boundary scan path isigeedwvith
serial input and output pads and appropriate giazks which make it possible to:

-Test the interconnections between the various chip

-Deliver test data to the chips on board for sedting

-Test the chips themselves with internal self-test
The advantages of Boundary scan techniques aréhdratis no need for complex testers in PCB tgsthe
time to spend on test pattern generation is lassfault coverage is increased...

This efficient solution, commonly used in the inttyscan obviously be a great help for our mulépliest. |
wouldn’t use it by time lack for the design, buvausly, I'll use it later.



Task 4:

In this task we are going to try to demonstrateuse of a LSSD latch. The Level-Sensitive Scan @esi
technigue was developed and pioneered by IBM, amdd the basis for a structured approach to thignles
testable circuits. This component requires follayvat least 4 rules to use it correctly:

Rule 1: All internal storage is implemented in hazexiee polarity-hold latches.

Rule 2: The latches are controlled by two or maye-averlapping clocks such that latches that feesl o
another can not have the same clock.

Rule 3: It must be possible to identify a set ofckl primary inputs from which the clock inputs tBIS are
controlled either through simple powering treeshoough logic that is gated by SRLs and/or non<loc
primary inputs.

Rule 4: Clock primary inputs may not feed the dapats to latches either directly or through conalional
logic, but may only feed the clock input to thickees or the primary outputs.

As my experience in this domain is not yet phenaahdii use a simplified version of this component

....................... o 21mux e

D oA !
......................... L o
sean ——r—— B s e
mode [—mr—— S

N MULTIPLEXER | _

........................ T CLRN

clk [ o ——

This component is nothing but MDFF, the principéeny the same but simplified. | know that this v@nds
not the IBM one as required and there is time @isl for this component (that are not occurrindheIBM
version) but the time allowed for this report wasi@usly not realist.

To show the use of this circuit, I've "tested" aN[Agate:

i lssd_mdf f:

DATAY [ = D
-------- —|SCAH [-]
v mode :
" HODE
clk
" CLK
é—‘.-.? .......................
zcan
_____________________________
lssd_mdf f
.................................... :
DATA X | = o :
.............................. ST :
SCAM-IN [ mr— - - - - — sCAHN a
.............................. ST :
mode | = MODE
.............................. ST
clk | = CLK
1B

| know this circuit is really too much simplifiedut the principle is shown.

If mode = 1 (normal mode) the input D is chosese @CAN is chosen (test mode).

I'm going to test the circuit firstly in normal med'll use all combinations possible for the inpatues of X
and Y; then I'll pass in test mode, I'll injectialy 2 times the sequence "01011".

The 01 in the beginning, are to test 0 AND 1, themycling the "1" I'll test 1 AND 0.

=> 2 clk periods later, the injected values wilishbe 11 and, as for all this test, the result@atiur 1 clk
period after to give 1.



Chronogram

Mame: ; BUU.IULIS EUU.I[]us
=i aipigigigipipigipinipininininininininininins
= DATA_YX 00
=g QOUT ’—1‘ l_l

—X, — <
= SCAMN-IN 1 | | | 1 1 u u 1 1
= made 0 |

The results expected are thus obtained.

Advantages:
With LSSD, the testing problem is transformed frone of sequential circuit testing to one of comboral
circuit testing.

By adding controllability/observability to the statariables, LSSD also eases functional testing

Disadvantages:

Additional area is required to fabricate the LS&zhes (area overhead).

Additional time is required to latch the next stai® the LSSD registers (speed overhead).

Additional time is required to scan in/out testtees and responses - at-speed testing is not siggpfesting
overhead).

Clock generation and distribution for LSSD is mdiicult.

The major advantage of LSSD is that it transforhestesting problem from sequential to combinatidesiing,
which is a much more tractable problem.

The major disadvantage of LSSD is probably the dpeerhead because it adds several gate delalgs to t
critical path of the design. The testing overhead loe a big problem too because some ASIC ventiarge
by the clock cycle for test application.

Conclusion;

This lab report made me generate test patterna f&mall combinatorial circuit block and I've got t
admit that it's not as easy as it seemed to misollearn to identify hard to test and non testédldts, mainly
function of the sequential nature of a componéwe thus investigated test strategies and generatedmy
multiplier design. And finally, I've implementedsaan path testing method on a tiny combinatorrauid.

I'm really happy to have learned all of this, I'mcgre, but it took a big part of my revision perigmot really
fair) and in better condition | would obviously lawmvestigated more and simplify less...



