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Abstract

The Sigma Level, proposed by Motorola Inc., is one of the many Process Capability Index (PCI)’s that have
been presented since the 1970’s. It is used to evaluate process capability and unlike other PCI’s, it has an
advantage in that it uses population probability distribution. However, it is originally designed for mass
production and is inadequate to evaluate prototypes or early products in the R&D stages. For use in such
cases, we propose an R&D target Sigma Level, derived by considering 1.5 sigma shifts in traditional sigma
level from a statistical point of view. We also explain the way to find robust limits for design tolerance
because the sigma level or defect probability is useful to establish economical tolerance limits at the R&D
stage and mass production.

Keywords: Process Capability Index(PCI), Sigma Level, R&D Sigma Level, 1.5 sigma shift, robust limits,

design tolerance
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th. St Zsr — ZprE BOEE Zsnipe 2 B0 A9 Ve R M A E AGE £
AEF 4-EF t}o]oj13(4-Block Diagram)& Als $tt} (Harry, 1994). 3HAIT it 49 Al1uf
FE2 3 22 o]fE R&D 2okl A5 AE317]o & o elo] At (Sleeper, 2005).
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Figure 2.2. Possibility of undetection while using Control Chart with UCL and n = 4 when p is shifted 1.50 to
the direction of USL (USL = Upper Specification Limit, UCL = Upper Control Limit).
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Table 2.1. 50% detectable shift of u, k,o, with respect to subgroup size(n) and target Sigma Level for the type
of specification Limits.

n kn

A5 A F= AT
1 3.00 7.5 7.65
2 2.12 6.6 6.77
3 1.73 6.2 6.38
4 1.50 6.0 6.15
5 1.34 5.8 5.99
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Figure 2.3. Log(PPM) for the given Sigma Levels with respect to subgroup size(n) (PPM = Parts Per Million).

AM pel AL 50% A= ALGF 5 9 71F gol Lio A=dL FAstgek. F, FelH)
T (rational subgrouping)2] 714 3}oj| A /\]:Lu]— Z AAA 7HAE e B
9zt A 4 9o 2R

AWAoR RLD HoplA Tt AAED 2% FAE 32 549 49, Fehd R
AR 5 GAKN = 1), ABFHEEE P AR AL 0 < 52 A9} SRRl wet
A R&D Hopol A Alan} 22 Aelatr] siAs olejah LEze) 2718 weid 4 glojof gk,
Table 212 4+ ©A9] Al20} 24 A4E Loo A$AL /1Fom $E2Y 27, 1< n <
sol wHe A9 A%} BE A2l £22 ALE Aol @B Sol, QbolAl 3.4 PPM(parts per
million) Q) 6 A1} 22 SAF] HHA L AATAAE 74 BA) FR| thel o 75~7.65 A
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Table 2.2. PPM for the given Sigma Levels with respect to subgroup size(n) (PPM = Parts Per Million)

HEFl F37](n)

AELES

1 2 3 4 5
0.0 998650.1 982997.0 958184.9 933192.8 909877.3
0.5 993790.3 947383.9 890651.4 841344.7 799545.8
1.0 977249.9 868643.1 767304.9 691462.5 633071.7
1.5 933192.8 732371.1 590954.1 500000.0 436440.5
2.0 841344.7 547758.4 393580.1 308537.5 254626.9
2.5 691462.5 351972.7 220649.9 158655.3 123024.4
3.0 500000.0 189429.7 102042.3 66807.2 48457.2
3.2 420740.3 140071.1 70780.9 44565.5 31442.8
3.4 344578.3 100272.6 47459.7 28716.6 19699.3
3.6 274253.1 69436.6 30741.9 17864.4 11910.6
3.8 211855.4 46478.7 19226.2 10724.1 6946.9
4.0 158655.3 30054.0 11603.8 6209.7 3907.0
4.2 115069.7 18762.8 6755.7 3467.0 2118.2
4.4 80756.7 11303.8 3792.6 1865.8 1106.7
4.6 54799.3 6569.1 2052.4 967.6 557.1
4.8 35930.3 3681.1 1070.3 483.4 270.1
5.0 22750.1 1988.4 537.7 232.6 126.1
5.1 17864.4 1441.2 375.8 159.1 85.0
5.2 13903.4 1035.0 260.2 107.8 56.7
5.3 10724.1 736.4 178.5 72.3 37.5
5.4 8197.5 519.0 121.3 48.1 24.5
5.5 6209.7 362.4 81.6 31.7 15.9
5.6 4661.2 250.7 54.4 20.7 10.2
5.7 3467.0 171.8 35.9 13.3 6.5
5.8 2555.1 116.6 23.5 8.5 4.1
5.9 1865.8 78.4 15.2 5.4 2.6
6.0 1349.9 52.2 9.8 3.4 1.6
6.1 967.6 34.5 6.2 2.1 1.0
6.2 687.1 22.5 3.9 1.3 0.6
6.3 483.4 14.6 2.4 0.8 0.4
6.4 336.9 9.3 1.5 0.5 0.2
6.5 232.6 5.9 0.9 0.3 0.1
6.6 159.1 3.7 0.6 0.2 0.1
6.7 107.8 2.3 0.3 0.1 0.0
6.8 72.3 1.4 0.2 0.1 0.0
6.9 48.1 0.9 0.1 0.0 0.0
7.0 31.7 0.5 0.1 0.0 0.0
7.1 20.7 0.3 0.0 0.0 0.0
7.2 13.3 0.2 0.0 0.0 0.0
7.3 8.5 0.1 0.0 0.0 0.0
7.4 5.4 0.1 0.0 0.0 0.0
7.5 3.4 0.0 0.0 0.0 0.0
7.6 2.1 0.0 0.0 0.0 0.0
7.7 1.3 0.0 0.0 0.0 0.0
7.8 0.8 0.0 0.0 0.0 0.0
7.9 0.5 0.0 0.0 0.0 0.0
8.0 0.3 0.0 0.0 0.0 0.0

3. 38t M2 S5t M7 0Fle] 2 s 2

O — =20
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Figure 3.1. Deriving robust limit(§(k)) of the key characteristic by variance reduction: one-sided specification
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FAFEp =1-0 1 (Z)E 1HFL 74 A BFH+H) o2 &5 ZA A 65 (k)E s B
9ok 2ok v T 245 ZPoy 4 £22 vEStd T il ped o83k 93
= 33E 4dg o
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>
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Figure 3.2. Deriving robust limit(§(k)) of the key characteristic by variance reduction: two-sided specification
limits.
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Table 3.1. Robust Limit for the type of specification limits,5(k), 0 < k < 1

T4 A 3 A &A, 5(k)

Tt 2 85t * §E (k) = (pe — LSL)(1 — k)

T+ 433 * 8Y (k) = (USL — uc)(1 — k)
LSL -3 (—) 62L(k) (T — LSL) — koc(Zo)

FE5+4 USL 9Hak(+) 89 (k) = (USL — T) — kac(Zo)

37 (k) = 2[(T LSL) — koo (7))
A71A 25 = —2[(1 - 2~} (Z))/2]

4714 Z5 = —[(1— &' (Z))/2]elck

A27H7) w08 4 B9 F5 24 BAE B Table 3.17} 2tk o= AR R4t A
Aol Ashe A7 /e A 27 A ghol thE = A4 B ARHLA e AoE FU5
A A8 4 k.

2

al O
=

P

-
a

=2
[—

AF7HA P WAL Aav} SENA] IR L5 AlTnt X Hel e %zna 1FE Faho] RED
ol AAIF/25 GIFol tE S AT} 23 24 i} 7N AN Bl 18 5
7 B0 thate] Qobrgkth o]t R WANA 17 Burs
92 B3] stel A BAGA SHiE BEE Agstm o
QR 2 PHOE BEF 4 Aok
2 108045) A2 At who] 47s7) ARE R ool @pslel gos) A2
2 Sl A RE B Pl Q5008 FAow Al WF A$592 3irh
(Munro, 2000). 97141 FSIoE & BE IR £ P A2 AT PUAH B Bl
A Az BE otz AgEE o of EAYTHE Aolth e A4 Aok BEE B A8

S e ITYAZ A5 3 B B Al3e] 1287 Salhe oleld Sol5e WA gs) &
227} gtk o1& Eof, & RO TR ATH A2 B Z2AA A5 AR BFE LA:H
QS-90009141 = ©7] 58 & FFAke] WA meA2 58 T AAE Z2AL YR FUIAY
Aes A2k el s A e DeE S g Buk ohe} o Y ZeA2e B T
F 7R zeAs sHoR ST o@ A%, B =RolA £oE RED Alant £ AT 271
o AAE Z2A 5HE F75 FL tigte] B 5 91 Zelgka et
27 A T o8 B AA v S Al (D3 A Az BN AZE/ AlEe] Bl
o e A4 e 349 Y 5 v P T shiolrh £E @A ANE L LT ¥
A w48 s dlos WS A acla/EE Ay B AL A= e 2nE 43
o= f831A AT 5 Atk B Aol Lefslof s S4EC] We AP, B AW A =
£ B9 @9e 1T gtk oleld A7 RED Roke] AAAL BAA AL 7Ee
22 5 gon] o|F Ax Aav AEe AASRA S =L B FF B HEA Alan} £Ee
842 B 59 F 9 ol At
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242 A sFe
% of
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o ok
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