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e Two types of factors in a system (product/process):
— control factors: once chosen, values remain fixed.

— noise factorsthard—to—control during normal process or usage.
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e Robust Parameter design (RPD or PD): choose cofitrol factor settings to
make response less sensitive (1.e.more robust) to noise variation; exploiting
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A Robust Design Perspective of Layer-growth and

Leaf Spring Experimfe“rlft(g‘L ickoral)

L S (Seodronall Foctortal)
e The original AT & T layer growth experiment hadontrol factors,@mise

factors (location and facet). Was to achieve uniform thickness aro

4.5|um over the noise factors| See Tables 1 and 2. & min Tan(Yy) [ uer
Nnominal—+hg - hodt < cndien

e The original leaf spring experiment had@:ontrol factors, oise factor

(quench o1l temperature). The quench oil temperature is not controllabl¢;
with efforts it can be set in two ranges of values 130-150, 150-170.
to achieve uniform free height arounnches over the rang
temperature. See Tables 3 and 4.

e Must understand the role of noise factors in achieveing robustness.
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p. 23
Layer Growth Experiment: Factors and Levels
{_.ac;l“igble I: Factors and Levels, Layer Growth Experiment
; ‘ §J Level
Control Facto — +
susceptor-rotation method continuous  oscillating
code of wafers 668G4 678D4
deposition temperature(°{) @ 1210 1220
deposition time short long - “” 2’8&/6(
E. arsenic flow rate(%) 55 59
F. hydrochloric acid etgh tempgrature(°C) 1180 1215
G. hydrochloric acid flow rate(ffo) 10 14
.\
@ nozzle position 2 6

oise Factor +
m ottom - | 2'

L. location 0 NoisR op | 4level
M.  facet .cm{S 7 2 5 4

p. 2-4

h i;aye Growth Experiment: Thickness Data
mPIZaZ‘Zs m CH4 £S a. design, malhily, dy for

Table 2: [Cross Array)and Thickness Data, Layer Ggowth Experiment noise Sactor
\  ox4 Gl fdoriad

, ‘Noise Factor)
. L-B!;Llom L-Top
O & © » T r . pall M2 M-3 M-4 M-1 M2 M-3 M-4 l
— 7 = = W\U4P08 141024 142714 141876 | 153182 154279 152657 154056
- - -+ o+ o+ 44 ' 30 147193 146960 147635 | 149306 148954 149210 151349
S ||k o e MOs9 | L4011 13938 1A2IE LD
-+ -+ = - Ao TT3A7S8 135878 135167 | 142444 142573 143951 143724 )
| ! i 736\ 140306 141398 140796 | 141492 141654 141487 142765
- || iadsae \133338 131920 134430 | 142204 143028 142689 14.4104
(= &+ — 7 —J(s0623) 1INosss 141766 14058 | 152069 155200 154200 152077

-+ o+ o+ o+ = = 4| | 1230e8 146780 145811 | 150100 150618 155724 15.4668
+ - - =+ o+ ] msy 1329 12,6502 132666 | 149039 147952 14.1886  14.6254
= == == || 138933 145597\ 44402 137064 | 137546 143220 142224 13.8200
+ = 4+ o+ =+ = || 42200 143974\ 152757 150363 | 141936 144295 155537 152200
+ = 4+ o+ 4+ =+ || s 13828 | 142822 138449 | 145640 144670 152203 15.1009
4=+ — = 44| | 14335 142400 \ 146701 152799 | 147437 140827 14, 9695 15.5484

+ o+ =+ o+ o+ = || 4sere 140310 \3T099 146375 | 158717 &xn
= === 20012127071 Lage 138040 | 142537 f13. 8368 ?1332 15.1681

b + o+ + o+ +J 139532 140830 INJII9 135963 | 138136 ¢ rwers— TIZEIT, )| 136862
A= ac XdN
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Q: Whats the diterne] eaf Spring Experiment
betwey, © pure replreales
&), mpllca@ble 3: Factors and Levels, Leaf Spring Experiment
oven, difRueitC Wﬁdzz@

Level
% -6(@ We ca””d' A{ Control Factor — +
B. high heat temperaturc (°F) 1840 1880
QWMW Vwmc heating time (seconds) 23 25 ko é
%m 6(8) md‘mm D. transfer time (scconds) 10 12 Q: wby s “Id r
, E. hold down time (scconds) 2 3 &, 'brepz-@{ a0
an WW varl, "n Level - m v 9
~———
ca.uso.d by Q (M) G \horse facor !
* . n quench oil telrperature( F) 130-150 150-170
] \
1 Qs systonctrcally vanted dnt 2" Sl Gockorinf |
mf%leg ross Array)and Height Data, Leaf Spring Experiment
E)rB C|D‘E Q
2SN
B C C o o) desiy SW_\?'IW\/
— m 750 725 712 2 i
+ + 8.15 8.18 7.88 7.88 7.88 7.44 —
_ _ Clso’_ﬂ_ 750 | 750 756 7.50 1=BCDE
+ — 7.59 7.56 7.75 7.63 7.75 7.56 _
- + 7.94 8.00 7.88 7.32 7.44 7.44 3 YQ’?\‘ Q%
+ o+ 769 809 806 | 756 769  7.62 Coc eacL\_,
- 756 762 744 | 718 718 7325 N ( 6 rums)
+ — 7.56 7.81 7.69 7.81 7.50 7.59

Vv Reading: textbook, 11.1

gﬂﬂ/f{'y WPW p. 2-6
Strategies for(Variation Reduction)

However,, SPC cannst
Samplin‘g)'inspection: passive, sometimes last resort. | desedtt” whatss S
3
Control ¢ &T‘iing and process monitoring: can remove special causes.@

e process is stable, it can be followed by using a deszgned ex;;:w}ai@
for systom dqumg ever BIML > detzi unstable
king, covariate adjustment: passive measures but useful n reducing

%anab}fﬂnot forr mdemovm oot c%uses wao. cod:b‘m« bt dag
W

e Reducing variation in noise factors: etfective as 1 may regl?caeeb variation in
the response but can be expensive. Better approach is to change control
factor scttings (cheaper and easier to do) by exploiting control-by-noise
interactions, i.e., use robust parameter design! tredtinedle efrects

1 F y chm Y= K:B; +£
[ VR PH' xlﬁz
r@ 'tbloddcavw% Y effects

2" 2o Vol €) = Van(e')

Vv Reading: textbook, 11.2
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1. Variation in|process parameters [ Sets vajue
ED d
2. Variation in(product parameters S
l Uot to (5pe) o

3. Environmental variations

. Load Factors.

. Unit- it and s patial variation.
Blocks

) @arlatlon over tlme SM gnn
wWowb L

@@ Degradation.

e Traditional design uses 7 and 8.

Vv Reading: textbook, 11.3

p. 2-8

Variation Reduction Through RPD yzz g,
mheaaction on

e Supposey=f (ﬁ, 5)’ X control factors and z noise factors. If 3\
in their effects on y, then the var(y) can be reduced either by reducing
var(z) (i.e. method 4 on p.2—6) or‘ﬁ'y?'changing the x values (i.e., RPD).

e An cxample:
Gtz an r.v.[-_) B& 5(3)./4-”««
Tl )=Brrma) [P = KOt é* & b+)2
6 = p+oy +(B+yx)z+E. W})=WZ);

+
Ez‘?/X) = /LW (r\v y)

By choosing an appropriate value of x to reduce the coefficient 3 + yx», the

impact of z on y can be reduced. Since B and y are unknown, this can be
achieved by using the zc'osntrol by-noige 1nteract1
be presented later.  XxZ s.a

oa-plats or other methods to
X% $|
4 x=t 4
o - X=t
g&@lx) ] % ot ’
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