XB, R Control Chart Example

D. W. Parent



We want to learn control charts

* \We have oxide thickness data generated
by the Poison Diffusion Furnace
Company.

 The furnace Is a single wafer processor
 \We have taken 5 data points per wafer



We will use the first 20 runs to set
our trial control limits

Raw data

Fun Pos 1 Pos2 Pos3 Pos4 Poss
Tiotal Geal o7 557 oep Calculate the average (XB) of each row.

2 957 1009 1009 1035 992

3 1006 1006 999 961 972

4 1009 999 9657 1018 1025

£ 1030 1034 10000 992 974

E 972 1008 1002 1007 O6G H. e e =AVERAGE(HZFZ)

7 979 979 1031 1051 919 Al B | c | D|EJ|F | H
2 059 1011 1052 1043 999 Fun Pos 1 Pos2 Pos3 Pos 4 Pos 5 XB

9| 898 1023 1063 984| 1034 11008 954 1037 957 o@s[_oes)

10 1001 995 1500 958 999 20 9E7 1009 1009 1035 992 10024
11 1041 1038 9RO 9859 1013 3 1006 1006 999 951 972 933.8
171009 984 977 1047 1028 410090 999 957 1018 1025 10036
13 O98E 1005 987 1010 SEn 501030 1034 10000 9920 5974 1006
14 952 1096 1018 992 1005 B 972 10083 1002 1007 966 991
15 10000 978 10130 952 oRR 00979 979 1031 1051 219 998
8

16 1005 1015 980 987 1015 959 1011 1052 1013 993 10056

17 973 A0 1027 10000 1012 9 BO3 1023 1083 9384 1034 10004
18 1000 993 1000 998 98 100 1001 995 1500 953 999 10908
19 1026 1057 947 952 997 11 1041 1038 9600 969 1013 1004.2
20 999 981 977 937 OF3 120 1009 934 977 1047 1028 1009

13| 98& 1008 957 1010 580 9898
14 982 1036 1016 992 1005 10022
18| 1000 978 1013 982 566 9538
16| 1006 1015 96500 967 1015 992K
17 973 106 1027 10000 1012 10056
18| 1000, 999 1000 5995 9653 993
19 1026 1057 547 962 997 597 8
200 991 831 977 987 SB3 SYRE



Calculate the Range (R) of each
row

2 - e =MAXBZF2)-MIN(B2:F2)
AlB|lc|[D|EJF ] H [I]

Fun Pos 1 PosZ Pos3 Posd |Pos s XB R H : .
| 1008 954 1037 957 %9 o[ Maximum value in the row minimum the

957 1009 1009 1035 992 10024 68 Minimum value in the row
1006 1006 999 961 972 988.5 45

2
3
41 1008 999 957 1015 1025 10036 &5
)
[

1050 1034 10000 9920 974 1005 BO
Q72 AnnaT 1o 0Ny 9kR Og10 47



Calculate the Grand Mean (XBB)
on the first 20 data points

iz = A =AVERAGE(HZ H21)
Al |l c | D | E[F] H [T] J |
Fun Poz 1 Pos2 Pos3 Posd4 | Pos s [¥B R xBB
1 1008 954 1037 97 e ses esfiooimle— Cell J2 calculates the grand mean
967 1009 1009 1035 992 10024 68 10073 : m il i
o6 1005 ses oe1 o2 wees 45 oot T———While cell |3=)2, j4=)3.....
1009 999 OE7 1018 1025 10036 58 1001.36
1030 1034 1000 992 974 1006 GO 1001.36
o972 1008 1002 1007 ORG 991 42 1001.36
979 979 1031 1051 919 9918 132 1001.3
950 1011 1052 1013 993 10056 93 1001.3
9 895 1023 10B3 G984 1034 10004 165 1001.36
10 1001 996 1500 958 999 1090.8 542 1001.36
11 1041 1038 960 OR9 1013 10042 81 100136
12 1009 984 977 1047 1028 1009 70 100136
13 OBG 1006 987 1010 980 989.8 44 1001736
14 o952 1036 1016 992 1005 10022 74 100136
15 1000 978 1013 962 066 9838 51 100136
16 1006 1015 980 O67 1015 9926 55 100136
17 973 1016 1027 1000 1012 10056 54 100136
18 1000 999 1000 998 ORG 993 32 1001736
19 1026 1057 947 OR2 997 997.8 110 100136

[ Rt R R R N T B N




Calculate the mean of the Ranges
(RB)

K2 M fe =AWERAGE(Z2:121)

Al |l c | D] E[F] H [1] J | K|
|Fun Pas 1 Pos2 Pos3 Posd Poss xB FE XBB =N
1) 1008) 954) 1037 957 D583 989 B3| 1001.36) 84.351

957 1009 1009 1085 99 100240 B3 100135 9455 <«— . _
1006 10065 999 951 572 58348 45 1001.536 94.35 / Note: K3=K2.....

1008 999 987 1018 1025 10036 58 10013565 94.35
105300 1034 10000 9920 974 1006 BO 10013565 94.35
972 1003| 1002 1007 966 991 42 1001.36 94.35
979 579 1031 1051 W19 991.8 132] 1001.36| 94.55
959 1011 1052 1013 993 10056 93| 1001.36| 94.55
9 898 1023 1063 9584 1034 1000.4 1BS| 1001.365 94.55
100 1007 9965 1500 953 599 10808 542 1001.56 94.35
11 1041 1035 9600 953 1013 1004.2 81 1001.36 94.35
12/ 1003 S84 977 1047 1023 1009 70 100136 94.35
13 5986 1008 957 1010 530 98983 44 100136 94.35
14 952 1036 1016 992 1005 10022 74 100136 94.35
15 10000 978 1013 982 596 9838 51 100136 94.35
16 1006 1015 9600 967 1015 9926 55 100136 94.35
17 973 1016 1027 10000 1012 10056 54 100136 94.35
18 10000 9959 1000 9593 Se3 893 52 1001.36 94.35
190 10260 1057 8947 952 5897 5957.8 110 1001.36 94.35
200 991 981 997 HEY YB3 9Y9.E X8 100135 94.35

00 =~ O M| b= L3 k2D




Calculate the Upper and Lower control limits for
XB (UCLXB, LCLXB) for a sample size of 5

L2 M fe =J2+K270.58

Al |l c | D] E]F] H[I] J | K L |
|Fun Pas 1 Pos2 Pos3 Posd Poss xB FE XBB RB  UCL<B

1 1008 954 1037 957 589 589 83 1001.36 94.35' 1EI55.EIBS!
2 S 1009 1009 1055 992 1002.4 0 BE) 1001.06 9435 1056.083
3 1006 1006 993 961 972 S88.8 45 1001.56 9435 1056.083

UCLXB=XBB+RB*.58

2 - H =l K2AE

Al B[ c|Db[E[JF ] H [1] 4 [|KJ|] L [ M|

Fun Pos 1 Pos 2 Pos3 | Posd Poso =B K |XBB RE LCL=B LCLxB
11008 954 1037 957 989 989 83 1001.36 94.35 1EIEE.EIBSI 945.53?!
2 8Br¥ 1005 1009 1035 992 10024 B8 100136 94.35| 1056.083 946637

aloAnnET AnneE [(wiw] QA ara ooo ol AR Annd 2R QA 2R ANER Neal QAR BT

LCLXB=XBB-RB*.58



Calculate the Upper Control limit for R (UCLRB)
and the Lower Control limit for R (LCLRB)

M2 M B =2117K2

aAlBlc Db |EJF]HIJ[I] J K] L | M [ N |
Fun Pos 1 Pos2 Pos3 Posd Poss XB R xBB RE UCLxE LCLXB LUCLR I

11008 954 1037 957 5989 589 83 1001.36 94.35 1056.053 945.53?' 199.D?85_|

UCLRB=2.11*RB

02 M fe =0"K2
AlBlc|Dp|EJF]HI[I] J [ K] L [ M [ N [0O]
|Fun Pog1 Pos2 Pos3 Posd Pozh xB FE BB

FE UCLxB LCL¥B UCLR LCLRE
8989 83 1001.36 94.35 1056.083 946.637 199.EI?E|5| EI_I
992 10024 B3| 1001.36| 2435 1056.053 846637 199.07385 a

arFa Qoo ol AR Anmd 2R QA 28 ANER Nea QAR BT 0 100 NTeS n

1) 1008 954 1037 957 959
2 957 1009 1009 1035

aloAnnET AnneG Qg a4

LCLRB=0 by definition



Plot the XB chart
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Notice we have one point outside the control limit. Maybe this was a typo when
the data was entered. Remove the row that data point was from.



Re-plot the XB chart
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Looks good!



Plot the RB Chart

Average Range
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Looks like we have one bad point. Remove it and recalculate X and R charts
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Trial Limits look good!

Average Range
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Now plot for whole data set
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Final Plots?
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The control limits seem to work for the XB chart, but not for the R chart. Since

We did not use data from runs 21 to 100, maybe the points are not past the

control limit, but the control limits are not right. Calculate control limits on the \hole
Set.



Final Plots?
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At this time it looks like the control limits have been calculated correctly, and we

Recommend that these limits be used for this process going forward.
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