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Abstract—Some wafers in alot may become spoiled after they are processed at a
workstation; such alot is called a small lot. In alow yield and high price scenario,
scrapping small lots may increase revenue and profit; yet this notion has seldom been
examined. This study presents a model for formulating the decision problem of
scrapping small lots. A genetic algorithm is used to solve the problem when the
solution space is large. An exhaustive search method is used when the solution space
is small. Some numerical examples are used to evaluate the outcome of scrapping
small lots. The profit obtained by the proposed scrapping method may be up to 23%
higher than that obtained without scrapping.

Keywords: small lots, bottleneck, low yield, high price, product introduction

I. INTRODUCTION

A wafer in a semiconductor fab is transported in a fixed-size batch. Such a batch
is called a wafer /ot (or a /of) that normally includes 25 wafers. Due to yield problem,
some wafers in alot during processing may become spoiled and cannot be processed
further. The number of good wafers in alot, less than 25, is called a small /ot, while
that includes 25 good wafersis caled a full /ot.

The manufacturing cost per wafer for a small lot, in batch-typee workstations, is
higher than that of afull lot. Machinesin afab are generally classified into two types,
series-type and batch-type. A batch-type machine in one run simultaneously processes
a batch up to six lots. The running cost per wafer for a small lot on a batch-type
machine is therefore higher than that for a full lot. A series-type machine in one run
processes a single wafer and its running cost per wafer isindependent of ot size.

A semiconductor fab may face a decision problem about the scrapping of small
lots. For example, given a small lot of 12 good wafers and with ten layers remaining
to be processed, should the fab keep the lot for further processing or scrap it? Keeping
the small lot until its completion will create revenue, while scrapping the lot provides
an opportunity for processing new full lots. These cost/revenue factors should all be
included when making the decision to scrap.

Much literature on semiconductor yield modeling and its applications has been



published [1]. Yet, very few study the decision for scrapping small lots in
semiconductor manufacturing. Daigle and Powell propose a formalized management
procedure to reduce wafer scraps [2]. Based on the cost of yield, Maynard et a.
proposed a heuristic method in IBM for the scrap decision of wafers [3-4]. Interviews
from industrial workers reveal that the decision of scrapping small lots is often made
heuristically.

This paper develops a mathematical model for the decision problem of scrapping
small lots in a semiconductor fab. Based on the model, a genetic agorithm is
proposed for making the scrapping decisions at each layer. However, when the
number of low-yield layers is few, the exhaustive search method is used to determine
the associated scrapping rules. Simulation experiments show that scrapping small lots
as proposed may considerably increase profit.

II. MODEL

The semiconductor fab of interest produces only one product and involves two
types of workstation, the series-type and the batch type. Let BT represent the
bottleneck of the series-type workstations and BT, represent the bottleneck of the
batch-type workstations.

Parameters
L: total number of layers
M: total number of wafersin afull lot
AT capacity (available run time) of BT
AT} capacity (available run time) of BT,
ts: required run time of an operation processed by BT7at layer i; O£/ £ L
tb;: required run time of an operation processed by BT, at layer /; O£/ £ L
. number of lots simultaneously processed by BT,
P. price of the product
FC:. fixed cost of the fab

E,. =[cf(]T: processing cost per lot at layer ,0£E kKE M;0£ /£ L

c,.: processing cost for alot with kwafers at layer /.

A =|d,|: yield matrix at layer i, O£ j£ M; OEKEM; O£i£L

ajk: probability that a lot with j wafers becomes one with k wafers, after

completing the operations at layer /.
if j3 k then 1% &, 30
if j<kthen &, =0
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Variables

U = [u,’(J distribution of output lots at layer / when only one lot is released to the fab,
OEKkEM, OLifL; U,=[10.,..,0]

u, - number of output lots that carry kwafers at layer / when only one lot is released

to the fab
W = [MJ:distributionof output lots at layer i, OEKEM, OL/£L

w, - number of output lots that carry kwafers at layer i

_ ,
SW) = q kxw,: total number of output wafers at layer /

k=1

— _ ¥ .
L(W)=q w,: total number of output lots at layer /

k=1
h= [h,]: decision vector for scrapping small lots
hi: threshold for scrapping small lots at layer /, 1£E/£L and 1EAE£M-1.

R(h,)=[r;'k]: scrapping matrix at layer i, O£ jJEM; OEKEM; 1EIE L

r;)(: a binary number (0 or 1) which indicates the probability that a lot with j wafers

becomes one with kwafers at layer /, when the scrapping rule (£) isimplemented

If j>h andk=jthen r =1;

If j>h andk* jthen r}=0;

If jEh andk=0then rj, =1,

If jE£h and k* Othen r/’k =0;

&

ari=1

k=0
/I (h): number of input lots that can fully utilize the bottleneck of the fab, when h is
applied in the fab.

The decision problem of scrapping small lots can be mathematically formulated
asfollows.
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[ (h) = Mif———, Z(U)} (4)
atsxqu) qthx—=
=0 i=0 n
W =1(h), (5)
— ¥
SW)=a kxw, (6)
k=1
h3h ifi<j (7)

The objective function is to maximize the profit. In Eq. (1)-(3), UO refers to the

input in the scenario where only one lot is released to the fab; U, represents the
consequent output at layer / after the yield problem and scrapping rules are addressed.
Eq. (4) gives the maximum number of lots / (h) that must be released to the fab to
utilize the capacity fully. Eq. (5) determines W/, the output at layer i when / (h)
lots are released to the fab. Eq. (6) determin&S(WL) the total number of wafers
output by the fab.

Eq. (7) denotes that the scrapping threshold at an upstream layer should not be
smaller than that at a downstream layer. Otherwise, it is an irrational decision. For
example, a case with h;= 2 and h, = 4 means that a small lot with 3 wafers will pass
layer 1 but will be scrapped at layer 2. This implies that the processing of this lot at
layer 2 is useless. That is, even the yield of thislot at layer 2 is 100%, the lot should
still be scrapped.

The objective function is a quite complex nonlinear function. Observing these
complex properties, we proposed the use of a genetic algorithm to solve the problem
when the solution space is large. However, when the solution space is small (for
example, including three critical layers or less), an exhaustive search is performed to
solve the problem.

1.  EXPERIMENT RESULTS

Some experiments using either GA or exhaustive search have been carried out.
The fab of interest produces only one product, with 20 layers in process route. Of the
20 layers, those with 100% yield are caled non-critical layers, the others are called
critical layers The binomia distribution is used to estimate the yield matrix
associated with a critical layer. Experiments for various numbers of critical layers are



tested.

Table 1 summarized the experimental results, with only one critical layer. For
each CL, the fab bottleneck, the number of input lots, the revenue, the variable costs,
and the profit are presented. The profit would improve up to 23.8%, comparing to the
case without scrapping small lots.

IV. CONCLUSION

This study formulates a model for solving the decision-making problem
concerning the scrapping of small lotsin semiconductor wafer fabs. When the number
of low-yield layers is less than or equals three, the exhaustive search method is
suggested to solve the formulated problem. Otherwise, GA (genetic algorithm) is
suggested. The proposed scrapping method considerably outperforms the
no-scrapping method when the critical layers are in the upstream. Yet, there may be
no difference when the critical layers are in the downstream.

Solutions of the numerical examples revea the following two interesting
phenomena concerning a low yield fab. First, given a single process route, the
bottleneck of the fab may switch between a series-type workstation and a batch-type
workstation. Second, the difference between the profit obtained by scrapping and that
obtained without scrapping is substantial when the low yield layers are upstream.
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Table 1: Apply optimum scrap rules to scenario S1

— — — Casel Profit
I(h)|1,(h)|I(h) Output| TR |TVC| FC |Profit |
CL Rer vz Profit| improvement
(lots) wafer [($M)[($M) [($M) | ($M)
(lots) | (lots) ($M) (%)

1| 5894 | 3520 | 3520 | 9 |23650|68.6|229|240|21.7 | 175 23.8%




2| 4605 | 2786 | 2786 | 8 |22504|652|21.4|24.0|19.8 | 17.3 14.6%

3| 3936 | 2415 | 2415 | 7 |21833|63.3/20.8|24.0|185| 17.0 8.8%

4| 3676 | 2392 | 2394 | 7 |21643|62.7|21.0|24.0|17.8 | 16.8 5.8%

5] 3346 | 2223 | 2223 | 6 |21332|61.8|20.7|24.0| 17.1| 16.6 3.4%

6| 3165 | 2214 | 2214 | 6 |21255|61.6|20.9|24.0|16.7| 16.3 2.2%

71 2968 | 2141 | 2141 | 5 |21112|61.2|209|24.0| 16.3 | 16.1 1.1%
Ph

D Ay =% 22d hrd 377403020 %

(2 AF g L =%k e S 1 IEEE Transactions on Semiconauctor
Manufacturing- 3 = reviewer 32%t ki £ 124 7 F T B ¥t 5 L2k o
B e gh¥treviewer fg, i3 i 0 £ 373 F o

(3) ## 73 WA = % & &g £ M. C. Wu, C. W. Chiou, and H. M. Hsu,
“Scrap Rules For Small Lots in Wafer Fabrication,” 2002 Semiconductor
Manufacturing Technology Workshop, Hsin-Chu, Taiwan, pp. 181-184,
2002.



FoRde g 2 P sk F R A

(1 7¢ %4 M 7 i i Syl g
20 P
FE LA EERM ) ERALR
R e g das e 3
4 % NSCO1-2213-B-009-134 £ P Afs 1 1 £ 1 e
F/ ) iT & LTE R EFERARTE 2

i
FP A /AT A

TR ERE 2

ns

E LR

Pl LR R R R i el SRR S
B - B AL 0 B R ALE 2 hE T pedp B R AR g
COLERFLAFANER S SR LG RS R o
AP HE - AREG R RS - F AR A RS
Pt e g endR AR R @ S TR I B T o 1R T
Plgk o AT FHEBOERT > AFY R E S 2V #R
% &o IR B 3 i 23% o

# < : Some wafers in a lot may become spoiled after they are
processed at a workstation; such a lot is caled a small lot. In a low
yield and high price scenario, scrapping small lots may increase
revenue and profit; yet this notion has seldom been examined. Thig
study presents a model for formulating the decision problem of
scrapping small lots. Some numerical examples are used to evaluate the
outcome of scrapping small lots. The profit obtained by the proposed
scrapping method may be up to 23% higher than that obtained without
scrapping.
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