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Bl Concepts

« Two major tools in QM
— 100 % control
— Sampling

« At Bl
— 100 % BI

« Typically, Bl time reductions

— BI studies

« Random sample to Bl

* As long as the random sample is not fully assessed - 100 % BI of the rest of the
population

* Once Bl study is pass = Bl monitoring

TestConX 12023
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Bl Model Approach

 Limited failure population lifetime model

T(t,00) = P(Tef > t) T

— 1. probability of failures in the overall population
- P(T.s > t) = 1- P(Ts < t): probability of early failures after time t
« = knowledge about lifetime distribution of early failures is needed.
* E.g., Tep~Weibull(3,0.5) (ReliaSoft).
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* |[nterval censored data:

(xt1’nt1)
I Bl : Bl |
I I |

t0=0 tl

J=1,..., m;

TestConX

Data Structure

(xtz’ ntz)

(xtm—1’ ntm—1)

| Bl |

(xtm’ ntm)

- x¢ = (x¢,, ..., x¢, ): vector of Bl failures at each BI time interval (t.,
- 8(x;,n;): data from a Bl study.

Flexible Burn-In Sampling Plans

tm-1 tm

- N = (ntl, ...,ntm): vector of stressed devices at each Bl time interval (t.,, t],

i

- 2023

1,...,m;
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Estimation of Early Failure Probability

1. Calculate the likelihood function of © based on the data set

S = ‘S(xtt nt) .

2. Assign a prior distribution to = ensuring compliance with the

Clopper-Pearson estimator.

3. Determine the posterior distribution of 7 and calculate its

(1 — a)-quantile.

TestConX 2023
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Likelihood Function

1. Calculate the likelihood function of © based on the data set
S — S(xt, nt)

- Ny, devices in the interval (¢;,t;;,] are a subset of the ne; devices in the
interval (¢j_4,ti], j=r+1,..,m—1

* - devices are not stochastically independent.
« = Likelihood function as product of conditional probabilities:

T
L(m,8) = Tjzr+1 MN ((xtj' e, = xtj) e (T[(tj—l'tj]» 1=

T
T[(tj—lrtj] ) |xtr, oo g xtj_l — O)

TestConX 12023

TestConX Workshop www.testconx.org March 5-8, 2023




Session 6 Presentation 1

TeStCOI'IX 2023 Operations 2

Likelihood Function

2. Assign a prior distribution to = ensuring compliance with the
Clopper-Pearson estimator.

- We Set T[(tr'tm] ""Be(l,O),
1

1=t ]
— Needed: prior distribution function for m:
T[(trrtm] — P(tr < Tef S tr) * TT.

[Tt e])

— Utilizing the change of variable theorem
P(t, <Ter <t;)
1-P(t, <Tep <t,)-m

TestConX 12023
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Posterior Distribution

3. Determine the posterior distribution of 7 and calculate its
(1 — a)-quantile.

— The posterior density f(rr|S) is calculated via Bayes’ rule.
— Devices in the interval (t;,t;,,] are a subset of the ne devices in the
interval (¢j_4,tj], j=r+1,..,m—1

» - devices are not stochastically independent.
» - Likelihood function as product of conditional probabilities:

L(1;8)-f (1)
|S) = :
f(ml$) [y £L(:8)-f(m)me

TestConX 2023

TestConX Workshop www.testconx.org March 5-8, 2023




Session 6 Presentation 1

TeStCOI'IX 2023 Operations 2

Bl Sampling Plans

. nffi) = (ngti), ...,ngt")): vector of required numbers of passed devices after
1 m

each readout time {; in order to reduce the Bl time from {; to £, ;.

. x,(fi) = (xt(f"), xgr:)) vector of possible failures in each interval ({_,,{] before

the Bl time is reduced from ¢ to £,,.
C n{?l: planned number of devices that are put to Bl for a batch with Bl time t.

* Find vectors, such that

A t; A ti
{ﬂ(ti_lm) (S (Ot; ng ))) < T[target} AND {P (T[(ti—l,oo) > Targets O (Ot: ng ))) < ]/}

TestConX ©2023
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Delaying Factor

» Probability to increase the Bl time after a Bl time reduction

i—1

_ Z P {ﬁ(ti_lm) > Teqrget; S (ot, ngtj“))} P (5 (ot, nﬁtf“)))

j=1
with

A~ tj
P {T[(ti—Loo) > Meargets S (Ot; n£ J+1))}

=3t () e (s =)

@)

X

TestConX 12023
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Bl Time Reduction Strategies
R, t i i i
t, i i
t, i
R, t i i i
t, i i
t, i
R, ts i i i
t, i i
t, Il
R, ts i i i
t, i i
t, Il
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Bl Time Reduction Strategy - Example
» Reduction Strategy R,

— Acceptance criterion: O failures.
— Reduction to t,: the intervals (¢, t.], (t,, t,], and (t,, t5] are analyzed.
— Reduction to t,: the intervals (¢,, t,] and (¢, t,] are analyzed.

( t t t .

(( 53) xlgz?,) xlgss)) (nt3 nt3 nt3)) i =3
(t;) . (t)) t)) (¢ _

— (xt J ’nt J ) = < ((xt('lz)legzZ)’ 0); (ntz + Tlts,ntz S nt3 Tlts) =2
t -

k((xt(ll)’o'o)' (n?2 +nf +nf,nf +nf, ntg)) i=1

TestConX +2023
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Bl Time Reduction Strategy - Example
« Reduction Strategy R, (cont.)

P (+,n®)

g

3
t t t (t N N N N T
NMN (Xg 2 xLEZS) xég) nt3 3)> n?y (ﬂ(O;tﬂ’ﬂ(tptz]’ﬂ(tz'ts]’ 1- ﬂ(O,t3])

j=1

= < 2
t t (t A & & T
NMN (xt( 2) ( 2 nt2 +nt3 z 2)> Tl?z +nltg3’ (n(o»tﬂ’n(tbtz]’ 1- T[(O'tz])
=1

J=
t
\NB( (t1) Tltl + Tlt2+nt3,ﬂ(0 tl])

TestConX

i =3
[ =2
i=1
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* Initial Sampling Plan

— Readout times:

- t,=7h,

« t,=19 h,

« t,=48h.
— Quality target:

« 25 ppm @ 90 % CL.
— Delaying factor:

* 10 %.

TestConX

Case Study

R, 48 h
19 h
7h

R, 48 h
19 h
7h

R, 48 h
19 h
7h

R, 48 h
19h
7h

0/13 k
0/36.4 k
0/110.3 k
x/62.4 k
0/62.4 k
0/101.8 k
x/69.3 k
x/207.4 k
0/207.4 k
x/211.2 K
x/211.2 k
0/211.2 k

Flexible Burn-In Sampling Plans

0/13 k
0/36.4 k

0/62.4 k
0/62.4 k

0/69.3 k
0/207.4 k

x/211.2 k
0/211.2 k

0/13 k

0/62.4 k

0/69.3 k

0/211:2 k
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Case Study

* Deviations at the 1st readout

R; 48 h 1-3/14 Kk 0/13.5k 0/13 k

« Update of the sampling plan:

(((7h,19 h, 26 h), (110.8 k,36.9 k, 13.5 k)) for ™ = 1
(t' ngtj)) = 4 ((7 h,19 h,30 h), (110.6 k,36.7 k,13.3 k)) for xg3) =2
((7h,19 h,34 1), (1105 k, 36.6 k,13.2 k)) for x> = 3

TestConX ©2023
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Case Study

* Follower products
— Area product A: 0.5 x reference product
— Area product B: 2.0 x reference product

= =
®© 4 T . 0 :
< . Fixed scheme < v T Fixed scheme
4| —— Flexible scheme . | —— Flexible scheme
£ : £
O - | O
(3P ! (3P
o | | o
Es| | Es.
— N — N
m | m |
< <
& &
L | L | i
S [ T I T T T T I T S [ T I I T T T T T T
Ok 50k 100k 150k 200k Ok 50k 100k 150k 200k
Sample size Sample size
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