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SOLUTION

1. A certain fabrication process produces 75% goood devices. The testing mechanism for
the finished ICs has an accuracy of 96%. Find the yeild and the defect-level of the ICs.
Note: This problem is similar to Prob 1-1 from the text and does not use the yield
model of chapter 3.

The following convention can be used:

PQ: chip is good P: chip passes the test
FQ: chip is bad F: chip fails the test

A 75% good device production means, Prob(PQ) = 0.75 and Prob(FQ) = 0.25. Sim-
ilarly, from the given data, we can see that Prob(P/PQ) = 0.96 and Prob(P/FQ) =
0.04. We have to caluclate the probability of passing Prob(P) ie. the yield.

Prob(P) = Prob(P/PQ) x Prob(PQ) + Prob(P/FQ) x Prob(FQ)
= 0.96 x 0.75+0.04 x 0.25 = 0.73

Bad chips that pass tests

All chips that pass tests

= Prob(FQ|P)

Prob(P|FQ)Prob(FQ)
Prob(P)

0.04 x 0.25

= ———— =0.013699
0.73

The defect level is 13,699 ppm (parts per million) and the yield is 73%.

Defect level =
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2. (Bushnell and Agrawal) Problem 1-4
Following Example 1.2 of the book (pp. 10-11), we obtain

ATE purchase price = $1.2M + 256 x $3,000 = $1.968 M

Assuming a 20% per year linear rate of depreciation, a maintenance cost of 2% of the
price, and an annual operating cost of $0.5M,

Running cost = $1.968M x 0.2 + $1.968 M x 0.02 + $0.5M = $932,960/year

$932, 960
365 x 24 x 3600

Testing cost = = 2.96 cents/second

Testing cost of the self-test design is 2.96 cents per second, down from 4.50
cents per second calculated in Example 1.2

3. (Bushnell and Agrawal) Problem 2-4
To test a hold time, t5,q = 120ps, apply the following waveforms to the chip (a clock-
to-@ delay of 400ps is assumed):

MC |_| 120ps

Inputs
CLK yd
—»| 400ps |=—
Q Output
~— 400p
— 450ps

Measure Q

At an interval of 120ps after the rising C'LK edge, we lower the D line. If () = 1 450ps
after the rising CLK edge, the device passes, otherwise it fails. Using MS instead of
MC, repeat the above waveform sequence, but with D inverted and the expected Q
signal also inverted. At an interval of 450us after the rising C'LK edge, again measure
@ on the ATE. If Q = 0, the device passes, otherwise it fails. The same waveforms
are applied simultaneously to all five D lines, and five simultaneous measurements are
made on the five () lines.

4. (Bushnell and Agrawal) Problem 3-6
Substituting the given fault density, f = 1.51 faults/cm?, the fault clustering param-
eter, 3 = 0.13, and the fault coverage, T' = 0.94, in Equation 3.20 (page 50 of the
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book), we obtain the defect level as,

DL(T) = 1—(ﬁ+TAf>B

B+ Af
(0.13 +0.94 x 1.0 x 1.51)0-13

0.13+1.0 x 1.51
= 0.00736 or 7360 parts per million

The defect level is 7360 parts per million (ppm).

(a) To obtain the fault coverage T for a required defect level of 1,000 ppm, we substitute
DL = 0.001 in the equation for DL(T') and compute T'. Note you will get the expression
for T" as in problem 3.5.

0.13 + 1.51) x 0.9991/0-13 _ (.13
r - 013+ )X151 — 0.9917

The required fault coverage is 99.17%.

(b) For a defect level of 500 ppm (DL = 0.0005), we get

(0.13 4 1.51) x 0.9995'/0-13 — (.13
1.51
The required fault coverage is 99.58%.

T = = 0.9958

. (Bushnell and Agrawal) Problem 3-7

Defect level, DL(T), given by Equation 3.20 (p. 50 of the book), can be written
as:

_ (1+TAf/B)°
DL = 1= 0 4y 5y
oTAf
= 1- =1—e MU a5 B — 00

eAf ’

-3
Note that, (1 + g) can be written as e™® as § — oo using taylor expansion. Also,

as # — oo, Equation 3.19 (p. 50 of the book) gives the yield,

Yy = (1+ Aﬁf)_ﬁ = e AS

Substituting this expression for yield in the defect level, we get
DL(T)=1— (e T =1y 7T

which is the required result.
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6. A digital system board uses 64 ICs manufactured in two different independent pro-
cesses. 48 of the ICs are manufactured in process A with 86% yield and with 96% fault
coverage. The remaining ICs (16) are manufactured in process B with 72% yield and
with 98% fault coverage. Assuming that the production process and the test program
which is used to identify faulty boards are perfect, what is the yield of the manufac-
tured board?

Note: You will have to choose appropriate yield models to compute the defect levels
and specify the yield models that are used.

The yield model chosen will be DL = 1 — Y'=T | because the statistics provided do
not secify 4 and it will be assumed as f — oc.

For ICs with Process A:

Fault coverage = 96%

Yield = 86%

DL1 = (DefectLevell) = 1 — Y(1=1) = 0.00601475

For ICs with Process B:

Fault coverage = 98%

Yield = 72%

DL2 = (DefectLevel2) = 1 — YU=T) = 0.006548545

Board Yield = Pr(all IC’s are fault free) = (1 — DL1)*(1 — DL2)'® = 0.6738825

7. Draw each of the following circuits located at the following locations.

/pong/usr0/e/ece553/TESTCAD/nets/hwil-circuits/circuit-1
/pong/usr0/e/eceb553/TESTCAD/nets/hwl-circuits/circuit-2

See figures next page

8. Using your circuit drawn for circuit-1 in problem 7, simulate following four vectors
and specify the output of each vector.

PI 1 2 3 4 5 PO 101 102
Vi 0 0 1 0 0 0 1
V2 X 0 0 0 0 0 1
V3 0 1 0 X X 0 X
V4 1 X 0 0 1 0 X

4 Fall 2009 (Lec: Saluja, TA: Ameya V. A.)



ECE 553: Testing and Testable Design of Digital Systems

HW1-7 circuit-1

HWA1-7 circuit-2
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