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This PowerPoint module has been published using Adobe Presenter.
Please click on the Notes tab in the left panel to read the instructors
comments for each slide. Manually advance the slide by clicking
on the play arrow or pressing the page down key.
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Introduction

Tools — TQM, CIM, SPC, 66

Six Sigma Concepts

Key Parameters

Baseline Evaluation

Continuous Improvement

Examples: LPCVD Nitride, Oxide Growth
Results, Future Work & Conclusion
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TQM - Total Quality Management

CIM - Computer Integrated Manufacturing

SPC - Statistical Process Control

60 - Six Sigma Process Capability Analysis

Rochester Institute of Technology
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H You work together as a team to solve problems.
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/‘ TOM - TOTAL QUALITY MANAGEMENT \\

TQM is a way to run a company that focuses on continually
improving how you do things and what you do in order to satisty
all castomer needs. TQM combines management methods and
statistical tools in one package and gives all members of an
organization a common goal.

Quality is defined as “conformance to customer requirements”,
lack of defects and the companies own standards of final product.

TQM sets up rules of behavior and goals of conduct for the
employees, giving them a sense of mission as they strive to
achieve their vision.

_
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/‘ CIM - COMPUTER INTEGRATED MANUFACTURING \ !

CIM - Concept in which computer software and hardware 1s
integrated throughout a manufacturing facility to provide integration
among functions such as engineering and research, production
planning, plant operations, shipping, receiving, business
management, marketing, everything (including CAD and CAM)

CAD - Computer Aided Design, software and hardware tools
needed to design the product including, circuit simulators, layout
editors, process simulators, and more,

CAM - Computer Aided Manufacturing - software and hardware
tools needed for work in process tracking, statistical process control,
facilities monitoring, robotics, artificial intelligence, expert systems,
= and more.

\
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Process Improvement

/ —————————————————\
‘ SPC - STATISTICAL PROCESS CONTROL \ )

CIM system integrated with SPC software
operators review SPC charts before processing (TQM)
process adjustments can be made if necessary (TQM/CIM)
SPC alarms and actions if process violates SPC rules:
send notice to specific users (TQM/CIM)
prevent further processing of job, operation or tool (CIM)
Corrective Actions
Teams solve problems (TQM)

List of actions if SPC rules are violated
OCAP, Out of Control Action Plans (SPC)
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SIX SIGMA CONCEPTS
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Target Target
Target Mean Mean Mean
LSL usL LSL usL LSL USL
Goal
b6 3o 036 66 60 30 0 36 66 b6 3o 0 36 60
Process Mean Process Variation Process Variation
off target within specification larger than
= limits specification limits
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Process Improvement

LSL

Target > Mean

// ———————————————
‘ SIX-SIGMA CONCEPTS \ )

USL

30 0

36 bc

Reduce Variation

locate 66 points within USL and LSL

Position Mean at Target
Goal of Cp=2.0, k=0, Cpk=2.0

to give less than 3.4 ppm defects
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§ Process Potential
Goal is Cp=2

§ Centering Factor K=
Goalis K =0

§ Process Capability

Goal is Cpk =2 Cpk = Smallest of:

Rochester Institute of Technology
Microelectronic Engineering

60

[ Tget - u]

S
‘ DEFINITION OF TERMS \ \

Cp = (USL - LSL)

(USL - LSL)/2

{u-LSL; USL-u}

30
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\\
Sigmawhen calculated from multiple samples of multiple points and \
only the average, sigmaand number of points is stored for each

sample. Thenthe overall mean and sigma is calculated as shown:

Z °
A Mean — ﬂr

n A
Example: Say we measure oxide thickness (xi) at 5 sites (h=5) on a
wafer after oxide growth and average them to get a value (xbar) to put
into our data base, then n = 5, xbar = sum of the five data points
divided by 5. If we look at the data for 10 lots (A=10) then the meanis
the sum of the 10 average values (xbar) divided by 10. We also save

the standard deviation (o) of the 5 data points in the data base and the
combined overall standard deviationis Sigma shown below.

xbar =

(xi-xbar)? Sigma = [(n-1)Gi? +n xbar?] - (An)u
(n-1) (An) - 1

Rochester Institute of Technology
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© December 1,2012 Dr. Lynn Fuller, Professor =

— | Pagel2




Oxide Thicknes s
Lot No. 1 2 3 4 5 6 7 8 9 10
4920 4850 5120 5120 5000 5200 4800 4700 5010 5100
4875 4750 5150 5089 4930 5128 4750 4992 5080 5109
4865 4680 5210 5142 5046 5089 4910 4708 4996 5080,
4789 4780 5190 5156 5075 5078 4853 4786 4980 5088
4965 4652 5175 5048 4959 5165 4700 5650 5024 5187,
Mean 48828 47424 5169 5111 5002 5132 4826 49672 5018  5112.8 Recorded in
stdev 65.79606 7923888 35.07136 43.35897 59.79548 51.22011 82.72726 399.4511 3831449 42.93833 data base
Target 5000 Mean of means = 4993.98 nmean of all data = 499398
USL 5500 stdev formula = 187.0388 stdev all data = 187.0388
LSL 4500
CP= 0.89108 K= 0.01204 Cpk=(u-LSD/3c = 0.880352

Cpk=(USL-w)Y/3c = 0.901809

Rochester Institute of 1échnology

LV EPNIPDN PO N

SHPININS P 7\ SINPL IR
LYEeCr UCLOUI UILLL LIS uiLcTr vivy

© December 1,2012 Dr. Lynn Fuller, Professor

smallest of these two
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Process Improvement

// i ——————————_
‘ RIT’S PATHWAY TO 6 SIGMA \ )

Define Key Parameters
Final System Performance, Manufacturing, Reliability

Baseline
Current Process Capability, Mean, Sigma, CP, K, CPK

Process Capability Improvement

Implement Actions, Process Adjustments, Hardware

Changes, Process Alternatives

Monitor Process Performance
Real Time SPC, Limits and Corrective Actions
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Process Improvement

Gain of an Amplifier

Frequency Response of a Filter

Noise Margin of a Digital Gate

Kooi Oxide Thickness
Gate Oxide Thickness
Metal Thickness

Via Slope (Reliability)
Room Humidity

DI Water Resistivity

Rochester Institute of Technology

Microelectronic Engineering
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KEY PARAMETERS !

Final System Performance Parameters

Manufacturing Yield or Line Control Parameters

Note: in industry 1t 1s typical to
keep track of ~300 key parameters

Page 15
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/‘ RIT’S KEY MANUFACTURING PARAMETERS \ !

§ Masking Oxide Thickness

§ Pad Oxide Thickness

§ Field Oxide Thickness

§ Kooi Oxide Thickness

§ Gate Oxide Thickness

§ X and Y overlay level 2,3.,4,5, etc
§ Metal Thickness

§ Nitride Thickness

§ Poly Thickness

hester Institute of Technology
] - - -
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§ Sheet Resistance Poly
§ Sheet Resistance Well

$ Field Vt

Rochester Institute of Technology
Microelectronic Engineering

§ Sheet Resistance Metal
§ Contact Resistance M/P, M/N+,M/P+
§ MOSFET Vt, Gm, Isub min, A

© December 1,2012 Dr. Lynn Fuller, Professor
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RIT’S KEY PARAMETERS AT TEST \

§ Sheet Resistance PMOS D/S
§ Sheet Resistance NMOS D/S

— | Pagel7
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/‘ RIT’S KEY SYSTEM PERFORMANCE PARAMETERS \ !

§ Measured Gain for G = 3 Inverter
§ Inverter Noise Margins, Imax

§ Ring Oscillator Gate Delay, td

§ Op Amp Open Loop Gain

§ Op Amp Input Offset Voltage

Rochester Institute of Technology

Microelectronic Engineering

.
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REVIEW OF TARGET, USL AND LSL \

The target, USL and LSL for each key parameter is reviewed by
a team of engineers using appropriate simulation tools,
calculations and experience.

For example: the pad oxide target might be selected to be 1/3 of
the nitride thickness for relief of stress in the nitride film
(experience). The lower spec is determined by the ability for the
pad oxide to act as an etch stop (experience) during nitride
plasma etch leaving enough oxide to act as a screening oxide
(stimulation) for the subsequent ion implant. The upper spec
limit 1s determined by the acceptable amounts of 10n implant
masking (stmulation) and LOCOS birds beak (simulation). All
of these are difficult to determine precisely, compromise and

margin of error are considered in determining the values for
target, USL and LSL.

....................................
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KEY PARAMETER TARGETS, USL, LSL

Name

M asking Oxide

Pad Oxide Thickness
Nitride Thickness
Field Ox Thickness
Photo x-overlay
Photo y-overlay
Koo0i Ox Thickness
Gate Ox Thickness
Poly Thickness
Poly Sheet Rho
LTO Thickness

M etal Thickness
Rhon+

Rho p+

Rho metal
Gcmet-N+
Nmos Vt

Nmos Sub Vt Slope
Nmos Imin

Pmos Vt (magnitude)
Pmos Sub Vt Slope
Pmos Imin

\ Vinvert

ohms
ohms
ohms
mhos/um?2
Volts
mV/dec
nAmps
Volts
mV/dec
nAmps
Volts

Rochester Institute of Technology

Microelectronic Engineering

Target
5000
500
1500
10000

1000
500
6000
25
4000
7500
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LSL
4500
400

1000
9000

-2
900
450
5000
10
3000
5000
10
10
0.05
0.1
0.5
75
0.01
0.5
75
0.01

USL
5500
600
2000
11000

1100
550
7000
50
5000
10000
50
50
0.5
10
1.5
125
100
1.5
125
100

Page 20
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/‘ BASELINE EVALUATION, DATA ANALYSIS DETAILS \ !

A data base query 1s made and the most recent data 1s used to
calculate Cp, K and Cpk. The data is plotted and compared to a
theoretical “6sigma” plot using the following equation.

“6sigma Distribution” =  Exp(-(x-u)%/26?)

where u(the mean) 1s set to the target value and ¢ (the standard
deviation) 1s set to USL-LSL/12.

(see /tools/Cpk.xls)
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QUERY MESA DATA BASE

Work with Queries

Library . . . . . . . . GPL Mame, *LIBL, F4 for list
Subset . . . . . . . . Name, generic*
Position to . . . . . . Starting characters

Type options (and Query), press Enter.
1=Create Z2=Change J=Copy A=Delete 5=Display 6=Print
8=Run in batch 9=Run

Opt Query Text

SPC6SC_PAD PAD OXIDE QUERY FOR SPC - DR. FULLER
SPC6SC_POL POLYSILICON THICKNESS FOR SPC CHARTS-DR. FUL
SPCBSC_PRS P+ DRAIN/SOURCE SHEET RESISTANCE FOR SPC-DR.
SPC6SC_WOD WELL OXIDE FOR SPC CHARTS-DR. FULLER
SPCHSC_WRS WELL SHEET RESISTANCE FOR SPC-DR. FULLER
SPCBSC_ZCD SPC 2 UM CD - DR. FULLER

SPCHSC_350 Recipedb0-WellOxide-DR. FULLER

SPC6SCPORS Polysilicon Sheet Resistance for 5PC-Dr. Ful
STATUS FACTORY LOT FORWARD ADYANCEMENT - DR. FULLER

F3=Exit FA=Prompt F5=Refresh F11=Display names only

Fl12=Cancel F19=Next group
File 5CAPAD in OGPL was replaced.

Rochester Institute of Technology
Microelectronic Engineering

Changed

09/09/07
12/04/07
R3/27/02
9/07/07
9/07/07
RA4/22/02
D6B/07/05
09/07/07
B/17/00

More. ..
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F5- REPORT

Display Report
Report width

Position
Line

000016
000017
000018
000019
000020
000021
000022
000023
000024
000025
000026
000027

to line .
S T R
DATE

20070913
20070919
20070920
20070926
20070929
20071002
20071016
20071024
20071204
20071210
20071213
20071217

BNk ARk

F3=Exit

F12=

FO70208
FO70910
FO70212
FO70924
FO70420
Fo71001
FO70924
FO70903
FO7/0910
FO7/1203
FO71206
FO71001

End of report

Cancel

L2
Lot number

old
alo
o16
bov7
532
240
abhd
492
518
b4
alo
o16

Aok ok kK

F19=Left

N S B
Thickness

soak
Time
50
50
53
54
40
54
50
54
54
54
50
50

F20=Right

Shift to column
A D S

Soak

Temperature
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000

Bt E

Furnace
ID

F21=Split

Rochester Institute of Technology
Microelectronic Engineering

.
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CPK.XLS SPREAD SHEET FOR DATA ANALYSIS

0 |vaRIABLES
1 | Target 500 Cp= 1772| GoalisCp= 2 | Fad Dgide Thickness
12 |UsL £00 K = -0.262| Goalisk = 0
12 |LSL 400 Cpk. = 2237 | Gioalis Cpk = 2
14 or Cpk. = 1.308] smallest Comparison of Actual and ldeal
15 | Data 538 Distributions
15 i) Cp = [USL_LSL)E sigma 1 -
17 ]| K = [target - mean]{[USL-LSL)2 /f\,l
13 519 Cpk = smallest of fimean - LSL)3sigma ar 0.3
19 B1E [USL - mean)f2sigmat 0.3 J'II \, Pt
20 BOT mean 2620 ll'ir' I'l\
21 B3 zigma 12.81 0.7 f /‘\ Ill\
2z 640 w=USL-LSLM2 16.57| Cp=2.0 06
23 Bh4 0s ,u"l \,
24 497 ' ."I ."I ".t '\
25 5ig| Walue Actual  Ideal Target 500 0.4
26 Bh4 USL 00 ik ."I !f ]". ‘\
27 610 400 1E-0  1515E-02 LSL B00 ,I" f I"n \
28 66| $IEET 4E-08  2TI3E-06 0.2 ; f; \ \\‘_'
29 13| 43333 4E-06 00003347 04 M/,
a0 450 00002 00110939 04 = = ,/ . e
kY 4BEET 00059 01252536 400 500 £00
az 48333 00659  0EDE4390
a3 60O 02367 1 002298
34 BIEET 07793 06064391 —+— Actual —=— ldeal
a5 BII3 08246 01252536
| 3R RO 03878 0010933 Ideal is shown with sigma equal to [USL-LSLIN2 which corresponds to Cpk=2.0
a7 BEEET (L0275 00002347
a8 G233 00082  2713E-06

[nlulul (a W ululul]

1E4Er O

Microelectronic Engineering
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GATE, FIELD, WELL, KOOI OXIDE

Field Xox

Well Xox

Cp= 2.048| Goali= Cp= 2
k= 0.158| Goalis K =10
Cpk = 17&3| Goalis Cpk.= 2
or Cpk = 2.372| smallest

Cp = [USL_LSL)E sigma

Field Oxide Thickness

Comparison of Actual and Ideal
Distributions

E = [target - mean)i{USL-LEL)I2 ! /\A
Cpk = smallest of f[mean - LSL) 3zigma or 0.8 ,f ,ﬁ\ \.
[LISL - mean)f 3sigmal 0.3
Mgan E420.86 ,'[ Jl{ \'l \'l
sigma 3140 B I|[ Jl' \* ‘Ih.
o=1SL-LELME §3.33| Cp=2.0 06 r f} \ \\
0.5

Walue Actual Ideal Tar 0.4 JI / \ \l

get  BEO0 }J [ \ \
usL 7000 03

000 2E-06  L5ISE-03 LSL  &500 [ Vo
E033.3 00002  3F13E-06 212 j J '\ \1
BIEEY 00072 00003347 .

E250 013 0010939 ] _,//_.// . \\‘\._ »
E333.3 05742 01352530 B000 G500 2000
E41ET 10224 0EDE4391

ES00  0LE331 1 00048
EBZZE 01396 0E0E4391

Cp= 1.240| Goalis Cp= 2 | Gate Dxide Thickness
K= -0.392| Goalis K =10
Cpk. = 1.726| Gioal is Cpk = 2 R
or Cpk = 0.754] smallest Comparison of Actual and ldeal
Distributions
Cp = [USL_LSL)E sigma 1 -
E = [target - mean)/[USL-LSL)2 h
Cpk = smallest of {{mean - LSL)*3=igma or 04
[USL - mean)'3sigmal 0s III ]l
mean 88 1
sigma 13.45 0.7 j l
m=USL-LSLHZ 8.33| Cp=2.0 06 ‘Iy V"‘\
05
Value Actual Ideal Target 150 04 ll ?I \
A LSl 200 03 Il f{ ]l tI
00 3E07  15ISE-03 LsL 10 AR
11— 108.33 2E-08  3FI2E-06 0.2 ’[ }/ H l\

NEET 0.0003 00003347 04 %

00025 0.010939 0 ./_/4/‘ : \ . : |
OIS (e 100 180 200 250 300
00716 0.R084331

0214 1 004735

iy

Cp= 1.283| Goalis Cp= 2
K= 027E| Goalis k=0
Cpk = 0.923)| Goal iz Cpk = 2
or Cpk = 1.E38| =mallest

Cp = (USL_LSL)# sigma

| well Oride Thickness

Comparison of Actual and ldeal
Distributions

K = [target - mean)dUSL-LSL)2 1 A
Cpk = zmallest of f(mean - LSL)'3zigma or 03 Jlf '\II
[USL - mean)f3sigm.a) og
mean 472RET a7 f'r \ll
sigma 254738 0B ,f“\." I';
F=LSL-LELH2 IEEET| Cp=2.0 J}'\\ '|II
iy A N
04
Walue Actual Ideal Target  BO0O0 03 .'Il \ \\
usL G000 : / lll' I|II
4000 032 1515E-03 LsL  soon | 02 Pl L
HBE7 DODE44 371306 01
k3333 02074 00003347 0 " _?//I . e e N
U (ARED (GRS 40 41 42 43 44 46 46 47 48 49 60 51 52 63 54 66 56 57 62 59 60
pocar DR (iR 00 00 03 00 00 00 00 00 00 0O 0 00 07 07 00 40 09 00 08 00 00
H2222 05289 DEOE4391
5000 03643 1 00024
BIEET 0433 DEOE43
Kooi Xox
Cp= 0.938| Goalizs Cp= 2 | K ooi Ozide Thickness
K= 0.326( Goalis K =0
Cpk = 0673 | Goalis Cpk = 2
or Cpk = 1.322| smallest Comparison of Actual and Ideal

Cp = [USL_LSL)E =igma

K = [target - mean)[LUSL-LSL)2

Cpk = smallest of :{{mean - LSL){3sigma or

[USL - mean)i3sigma}

967 44
334
1EBEF| Cp=2.0

mean
sigma
F=USL-LELNZ

Ideal 1000
1100

1000

Walue Actual Target
usL
0085 LSl
01571
0.2362

04352

1.615E-08
3.T13E-08
0.0003347
0010923
04987 01352535
04455  0.60E4391
0.3103 1
01635 06084331

0023358
0.7
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PAD OXIDE, NITRIDE, POLY, METAL THICKNESS

Metal Thickness

Cp= 1046 GoslisCp= 2
K= 0.093| Goalis K =0
Cpk = 0.9449| Goalis Cpk.= 2
or Cpk = 1143 smallest

Cp= [USL_LSL)E sigma
K = [target - mean)(USL-LSL)Z

Metal Thickness

Comparison of Actual and ldeal
Distributions

Cpk = smallest of {{mean - LSL){3sigma or 0.8 ],l' \".
[USL - mean)i3sigma) 0g J|( \Il
mean 72E8.00 ny
=igma 796.93 0E -'Ir I'L
w=USLLELiz[__ 41867| Cp=20 e e b
o s —
Value Actual  deal Target 7500 [ 0.3 / lII.
usL oo | g2
5000 0.0091  1515E-03 LSL TROO ; \N
54167 00352 ZTIZE-06
38832353 312033;2 000310133;; GEEESANEEARBEECEEEERTIT I ZTFETROE3 RORBEEEIEIAINGSTIN)
WEET 02933 0135635 DDl]D[IDDI]DDl]ElllL'lElllL'lEllll.'llllJllelDlJllDl]DDl]Dl]DDIlEIDI]EII]I.‘II.‘II]I.‘II.‘II]DI]DUD
W33 0503 08084331
TEO0 050M 1 0.00096
THET 03754 06064331
Cp= 1772 GoalisCp= 2 | Fad Oiide Thickness
K= -0.262| Goalisk=0
Cpk = 2.237| Goal iz Cpk.= 2 }
or Cpk = 1.308| smallest Comparlson of Actual and Ideal

Cp= [USL_LSLIE sigma

K = [target - mean)fUSL-LSL)E

Cpk = smallest af {[mean - LSL)f3zigma or
[USL - mean)!3sigmal

mean B26.20
sigma 18.81
F=lSL-L5LH2 16.67| Cp=2.0
walue Actual Ideal Target 500
UsL 500
400 B0 1HI5E-02 LsL 500
HEET 4E-08  3TIZE-0E
43333 4E-08  0.0003347
460 00002 0.0110333
4EEET 00053 01352535
48333 00859 06084391
500 03357 1 002398
BIEET 07793 06084391

1
oa
0
o7
06
05
04
03
02
01

Distributions

400

500 E00

—— Actual —=— |deal

N1tr1de Thickness

Cp= 0.829| GoalisCp= 2
K= -0.264| GoaliskK=10
Cpk = 1.047| Goal is Cpk = 2
or Cpk = 0.610] smallest

Mitride Oxide Thickness

Comparison of Actual and Ideal

Distributions
Cp = (USL_LSL)E sigma g -
kK = [target - mean)[LSL-LSL)E f\
Cpk = smallest of {{mean - LSL}{3sigma or n.a Ilf \\,
[USL - mean)f 3sigmal ns
Mmean 1632.08 07 JII' \ll
sigma 20115 . Jf \L
a=USL-LSLH2 83.33| Cp=2.0 ne f} \\
0.5 JII.
Value Actual Ideal Target 1500 o4 l'Ir / \I\ \\
uUsL 2000 | g3
000 0003 1SIGE-08 LsL moo | [ | S
0833 001 3.F13E-06 -
HEET 00285 00003347 01 ,4'{/ \'- \V
1260 00682 001109339 o= ﬁ*‘fT{'./ . . . \I\"‘-. . . 0
BERY MBS (iR 1000 00 1200 1300 1400 1500 1600 1700 1300 1900 2000
HET 02324 0EDE429
1800 032229 1 00042
833 04023 0.6064330 Actual —=— ldeal
Cp= 0.451| GoalisCp= 2 Puoly Thickness
K= 0441 GoalisK=0
Cpk = 0.252| Goalis Cpk = 2 )
or Cpk = 0.E50| smallest Comparison of Actual and Ideal

=S

Value

5000
51E6.T
ek
5E00
BEEE.T
68333
E000
E16E.T

Cp = [USL_LSL)E sigma

K = [target - mean]/[USL-LSL)2

Cpk = smallest of J{{mean - LSL){3sigma or
[USL - mean)i3sigmal

mean BE63.20
sigma Ti862
L-LELAZ 1EEET| Cp=2.0
Actual Ideal Target €000
UsL 000
01634 1515E-02 LEL E000
01353 3.712E-0E
02152 00003347
02249 0.0N10939
02233 D1352635
02106  DE0E4391
01388 1 00024
0603 DEDE433
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NMOS AND PMOS VT, N+ AND P+ RHOS

N+ D/S

Cp= 0.637| GoalisCp=2
k= 0.505| GoalisK=0
Cpk = 0156 | Goalis Cpk = 2
or Cpk = 1.112| smalle=st

M+ Bhos

Comparison of Actual and Ideal
Distributions

Cp= 0.533( Goalis Cp=2
K= 012 | Gioalis K= 0
Cpk = 0517 | Goalis Cpk = 2
or Cpk = 0682 | smallest

Cp= [USL_LSL)E sigma

Poly Rhos

Poly Bhos

i aal
Comparison of Actual and I"Chart e

Distributions

01373

Cp = [USL_LSLYVE sigma 1-
k = [target - mean){USL-LEL)Z 09 A
Cpk = smallest of {mean - LSL) 2 sigma or : J|' I|l
[USL - mean)f3sigmal na IR
mean 28.80 oy
sigma 2093 06 -|II li
s=USL-LELMZ £67|Cp=2.0 s i |
Value Actual Ideal Target 50 0.3 ’,—"'_’"_‘
0 02038  1516E-02 LsL 100 nz —’I\\‘- Il"
1EEY 02616 3.T7I3E-06 L5L 20 01 ; ‘\“\__h
2333 03036 00003347 o - T, Il
A W DR o W 20 3 40 S0 BD YO &0 a0 100
JEEY 0308 01352535
4333 02584 O0E0E4331 005995
50 0.1333 i
Cp- 0.276] Goal iz Cp= 2 [ WIMOS ¥ T
K= 0,133 Goalis K =0
Cpk = 0.240| Goal is Cpk = 2 R
or Cpk = 0.213| smallest Comparison of Actual and Ideal
Distributions
Cp = (USL_LSL) sigma 1-
K = [target - mean){{USL-LSL)!2 04 h
Cpk = smallest of J{mean - LSL)2sigma or : ]I' I|I
(USL - me an)3sigmat 0& 1
mean 0453 0.
sigma 0.0 06 JI l
s=USL-LELAZ 00| cp=z.0 s [
04 If \]L
alue  Actual Ideal Target 1 0.3 ]| ll
05 01067 1518E-08 UsL 15 0=
533 06T 3TI3E-06 LEL 05 oA 0#0""4_’_’_‘—;—0—4._
67 0253 00003347 o £ e
078 0133 0010933 o o5 1 15 2
833 0363 001352535
0917 04281 0EDE433 479616

—— Actual —=— |deal
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kK = [target - mean)(LUSL-LSL)2 T A
Cpk = smallest of {{mean - LEL)Esigma or nsg JI| |Il
[UISL - mean)f2sigmal 0s
mean 54.48 f ll‘
X oy
sigma 22.25 .I{ \L
w=USLLSLHZ 6.67|Cp=2.0 05 f \
1
Walue Actual Ideal Target 50 04 I|| ||I
UsL 100 03
10 00405 15I5E-08 [ e
BEET 00707 3.713E-06 -
23333 0024 00003347 01 /‘/ ’( l‘ ‘\‘&.
300 00635 0010933 0 b . ./ . i . \. sy m
[EEET DERD  DiHfEs D W 20 30 40 50 B0 70 80 S0 100
43333 02643 06064391
60 0.2336 1 005335
BEEET 02982 06084231 Actusl —=— ldeal
Cp= 0407 GoalisCp = 2 [ PRMOS YT
K= 0441| Goalizk = 0
Cpk = 0.228) Goal iz Cpk= 2 .
or Cpk = 0557 | zmallest Comparison of Actual and ldeal

Cp = [(WEL_LEL)E sigma

K = [target - mean)[USL-LSL)2

Cpk = smallest of J[mean - LSL){3sigma or
[USL - mean)t3sigmal

mean -l.i2
=igma 0.41
w=USL-LELHZ 0.08| Cp=2.0
Walue  Actual Ideal Target -1
-15 01812 1515E-02 usL 0.5
-142 01816 3TISE-0E LSL -18
-133 0186 00003347
-125 0203 0.010933
-7 02013 01352535
-0 01924 0E0E4391 479616
BRI 1

fnn

AACdE A eandand

Distributions
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Parameter Target USL LSL
Pad Oxide Thickness 500A 600A 400A
Well Oxide 5000 5500 4500
Kooi Oxide 1000 1100 900
Field Oxide 6500 8000 5000
Gate Oxide 150 200 100

Nitride Thickness 1500 2000 1000
20d Nitride Thickness 3500 4000 3000

Poly Thickness 6000 7000 5000
Al Thickness 7500 10000 5000
Poly Rhos 50 100 20

More left to the students for homework

_||||||—|\

Rochester Institute of Technology
Microelectronic Engineering

e — e T —
/‘ BASELINE EVALUATION JANUARY 7, 2008 \ )

CP

1.772
1.283
0.998
2.048
1.24

0.829
0.608
0.451
1.046
0.599

© December 1,2012 Dr. Lynn Fuller, Professor

K CPK

-0.262 1.308
0.276 0.929
0.326 0.673
0.158 1.723
-0.392 0.754
-0.264 0.610
-0.674 0.198
0.441 0.252
0.093 0.949
-0.112 0.517

_
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———————— e — O\
/‘ PROCESS CAPABILITY IMPROVEMENT \\

§ Concentrate on Parameters Which are Least
Capable

§ Review Specification Limits and Target

§ Develop an Action Plan Which Will Improve the
Process and Raise CPK

__§ Assign a Person Responsible for Implementing the
Action Plan

% © December 1,2012 Dr. Lynn Fuller, Professor I 4//
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7 ™
LPCVD EXAMPLE !

Result:

Rochester Institute of Technology

Microelectronic Engineering

Heat Element ™ 00000000000000000000
AMAAAAAAAAAAAASL AN
To P 00000000000000000000 N\
o tump Thermocouple
LPCVD Nitride requires a temperature ramp from 800 C at the doorto 820 C at the pump

Problem:
The position of the thermocouple is critical and was variable
Action:

A clamp was added to ensure repeatable placement of the thermocouple

© December 1,2012 Dr. Lynn Fuller, Professor
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_
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Process Improvement

(T
‘ OXIDE GROWTH EXAMPLE \ \

Change the furnace recipe so that RI'T’s variable ramp
down times do not affect the oxide thickness. Start
soak time at 10 °C below soak temperature*

BEFORE: AFTER:

Push at 900 C at 8 in/min in N2 Push at 900 C at 8 in/min in N2
Ramp up 900 C to 1100 C in Dry O2 Ramp up 900 C to 1100 C in Dry O2
Soak at 1100 C in Dry O2 Time 1 Soak at 1100 C in Dry O2 Time 2*
Ramp down from 1100 to 1000 in Dry O2 Ramp down from 1100 to 1000 in N2
Pull at 1000 C at 8 in/min in N2 Pull at 1000 C at 8 in/min in N2

* Start soak time at 10 °C below
desired soak temperature

Rochester Institute of Technology

Microelectronic Engineering [
© December 1,2012 Dr. Lynn Fuller, Professor I =
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I

Process Parameter

Masking Oxide Thick
Drive Oxide Thickness
Field Oxzide Thickness
Gate Oxide Thickness
Kooi Oxide Thickness
Pad Oxide Thickness
Metal Thickness

N+ DS Rhos

P+ DS Rhos

Poly Thickness

\ |Poly Rhos

gwml Rhos

Dec94 Mar95 Jun9s

Cpk Cpk Cpk
0.36 0.77 0.77
0.64 0.73 0.72
0.55 0.50 0.75
0.47 0.63 0.76
0.02 0.10 0.15
0.19 0.36 0.69
0.10 0.33 0.20
0.08 0.05 0.05
0.43 0.16 0.05
0.31 0.75 0.67
0.51 0.51 0.51
0.34 0.73 0.73

© December 1,2012 Dr. Lynn Fuller, Professor
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/‘ MEASUREMENT OF IMPROVEMENT \\

.
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Process Improvement

—\\
/‘ IMPROVEMENTS IN OXIDE GROWTH \ )

Cpk for Several Oxide Processes at 3 month increments

0.833 |
0.666 |

Dec-94

Mar-95

Jun-95

0.57
0.333 -

0.166 |

FIELD KOOI WET PAD GATE

Rochester Institute of Technology
Microelectronic Engineering

.

© December 1,2012 Dr. Lynn Fuller, Professor I
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Process Improvement

5000 T
4000 1
3000 T
2000 T
1000 |

/ ———————————————————— "\
‘ 5000 A OXIDE GROWTH \ )

6000 T

Dec Cpk =1.14
Mar Cpk = 2.31

Jan Apr July Dec

Rochester Institute of Technology

Microelectronic Engineering

.

© December 1,2012 Dr. Lynn Fuller, Professor |
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—\
/‘ MONITOR PROCESS PERFORMANCE WITH SPC \ !

Mesa data base queries are run that put the results into a data file.

Using the data in the data file, SPC charts are created by “NWA
Quality Analyst Software” or other appropriate software.

Tool operators are taught how to evaluate the SPC charts for out of

control criteria and what to do if the data shows an out of control
condition (OCAP).

SPC alarms can automatically send notice to specific users and
prevent further processing of job, operation or tool.

Teams evaluate and correct the problem.

—

BN
\

=

Rochester Institute of Technology

Microelectronic Engineering [
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Process Improvement

SPC MAIN MENU SEEN IN MESA

fuller. ricroe. fit. edu

T

Process Out of Control If: i Clk/\
«any point outside the spec limits (i.e. a i " t}‘ é“&

single point above or below 3 sigma) : e f‘ﬁ‘ __ _ ) s 1_— e

. . . emd . — - —. __,.-.=-~‘:_u':=q..= _________________________ | Targen
g run of 6 or more pglnts Increasing or U e L 15
decreasing e
earun of 5 or more points above/below the | S, B DI e %%Mm
target S 5350 LSL: 4750 Tasgel: SO0
+2 of 3 points above/below 2 sigma
If process is out of control initiateg® M

ore
the out of control action plan :
(Questions?

Click Me J
© December 1,2012 Dr. Lynn Fuller, Professor I =
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H 4

-

Pad Oxide Thickne=ss Tracking Chart
Pad thickness
Pad Oxide Thickness, Recipe 250, 0X05

Indud.
I UsL

M - — - — - — - — f e e e e e e e — - — - — LSL
DATE: AEIDE AT On0E 0 AR 0 AnmE 0 AnnAE Aamnem
NDLOT: 061201 0612 FOTO12S HANO11E FOTIEZ1Z FOTO125 FOTZZ2
SOAK_TIN: Si Si Sk
Indild.: cl: S350 wl: P02 k439575 * Rk ukokation
Sbg Ip Sk 1
USL:Em LSL:4m Target M
Pad Oxide Process Capabilities
Pad thickness
Pad Oxide Thickness, Recipe 250, 0X05
Target
%1 i Med
i LSL usL
1 1 +3£
3 J 1 1
: o
7 i i |
q q
g g
14 1 1
1 1 |
1 1
o t T
{m am
Sampks: 14 585, 5104
uea'i': S350071 : rg %u: &
= Dew: 205 Cpm: T54T g-ec Lim: m, ﬂ
ShEMIIEEE =) t% ont oW, {135

i -
NWA QUALITY ANALYST, SPC CHART )

[ MW A Quality Analyst Graphics - [GROUP 1] =]

B File Edit Wiew ‘wWindow Flot Text Help

E]=] (B[] [E=) [F) [SEIEE) (R el [ET ) S]]

Pad Oxide
Target 500A
USL 600A
LSL 400A
Mean 535A
Std Dev 25A
Cpk 0.8648
Cp 1.332

© December 1,2012 Dr. Lynn Fuller, Professor
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Process Improvement

/—\
‘ OUT OF CONTROL CRITERIA \ \

§ Zone Rules: (Western Electric)

§ when N out of M points are inside a zone (or outside
a zone) relative to the center line and control limits
of the chart. Zone boundaries are in multiples of
sigma.

§ example: 2 of 3 points above or below +/- 36

§ example: 5 points in a row above or below target

§ Run Rules:

§ when N points in a row are increasing, decreasing or

alternating

increasing/decreasing indicates process drift
alternating indicates possible equipment problem

Rochester Institute of Technology

Microelectronic Engineering [
© December 1,2012 Dr. Lynn Fuller, Professor I =
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OUT OF CONTROL ACTION PLAN

fuller. microe. rit. 2du

OCAP

During Move-In ,
Run SPC Chart —»| Don’t Run Product |, Fix Recipe

Find: Tget, USL, LSL Run Dummy Wafer
4 Jv Yes
v
No Check Theory
Last Few Runs DCO MEE’% QUEE'Y
> onsult Experts
Control: Other Equipment Che;lj: Furnace
Problems ccape
v T No
Run Recipe Do Run History
Measure Results Find Gas Flows Problem?
Compare to Spec And Temperatures
Yes
Rework? C m
Move-Out ! Put Lot on Hold? onsu

Move-Out and Feed Forward?| |Equipment Engineer

k

© December 1,2012 Dr. Lynn Fuller, Professor
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Processes Belonging to that sector:
Photolithography
LPCVD
Plasma Etch

Metrology
Oxidation & Diffusion, RTP

Responsibilities Include:
Product Inspection

Clean & Wet Etch
Metal Deposition
Ion Implant
Maskmaking

Monitor Process Performance (SPC)

Process Capability Analysis (Cpk, Cp, K)
— Implement Action Plans for Improve ment
Coordination of Test Runs and Tool Calibrations

© December 1,2012 Dr. Lynn Fuller, Professor |
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‘ SECTOR ENGINEERS \ )

Sector Engineers Maintain Ownership of Specific

— | Paged40
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— =
/‘ RESULTS \\

§ A Methodology for Improving Manufacturing
Quality in a Student-Run IC Factory has Been
Outlined

§ We Have Shown Improvements in Process
Capability in Most Key parameters Over Recent
Y ears

§ We Have Developed a CIM System for
Manufacturing Execution and TQM

Rochester Institute of Technology
Microelectronic Engineering

.

© December 1,2012 Dr. Lynn Fuller, Professor I
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— e~
/‘ FUTURE WORK \\

§ Continue to Improve Towards 6 Sigma

§ Integrate 6 Sigma and TQM Concepts in our
Semiconductor manufacturing Courses

§ Predict Circuit Performance Based on
Knowledge of Process Variation

Rochester Institute of Technology
Microelectronic Engineering

.

© December 1,2012 Dr. Lynn Fuller, Professor I
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- e
/‘ CONCLUSION \\

§ The CIM System is Essential for a Project
Such as This

§ Very Interesting Project
§ Useful as an Educational Tool for Teaching

__§ Open Ended Project
BN
\

=

Rochester Institute of Technology
Microelectronic Engineering

.
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1. Western Electric Guide to Quality Control
2. “Control Chart Techniques for High Volume, Multiple Process
Water Fabrication Areas”, Tom Bassett 111, Signeteics Corp.,
IEEE/SEMI Advanced Semiconductor Manufacturing Conference,
1991.

Rochester Institute of Technology

Microelectronic Engineering

© December 1,2012 Dr. Lynn Fuller, Professor
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(T
‘ HOMEWORK - Cpk \ \

1. On the next pages you are given the latest data from a data base
query for some or our 30+ p-well CMOS process key parameters.
Given the target, USL and LSL, use a spreadsheet to calculate Cp,
K, and Cpk for each parameter.

2. Make a plot of the data for one or more key parameters and
compare it to a theoretical plot for a 6 sigma data distribution.

3. Discuss your results, which parameters are best, worst. Make
suggestions on making improvements.

RN
\

=

Rochester Institute of Technology

Microelectronic Engineering [
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e

KEY PARAMETER TARGETS, USL, LSL

Name

Alignment Oxide
Pad Oxide Thickness
Nitride Thickness
Field Ox Thickness
Photo x-overlay
Photo y-overlay
Kooi Ox Thickness
Gate Ox Thickness
Poly Thickness
Poly Sheet Rho
LTO Thickness
Metal Thickness
Rho n+

Rho p+

Rho metal

Gc met-N+
Nmos Vt

Nmos Sub Vt Slope
Nmos Imin

Pmos Vt (magnitude)
Pmos Sub Vt Slope
Pmos Imin

Vinvert

(ghms
A

A

ohms
ohms
ohms
mhos/um?2
Volts
mV/dec
nAmps
Volts
mV/dec
nAmps
Volts

Target
5000
500
1500
10000

1000
500
6000
25
4000
7500

© December 1,2012 Dr. Lynn Fuller, Professor

USL
5500
550
2000
11000

1100
550
7000
50
5000
10000
50
50
0.5
10
1.5
125
100
1.5
125
100
3

— | Page 46
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Alignment Oxide
Pad Oxide Thickness
Nitride Thickness
Field Ox Thickness
Photo x-overlay

Photo y-overlay
Kooi Ox Thickness

Gate Ox Thickness
Poly Thickness
Poly Sheet Rho
LTO Thickness
Metal Thickness
Rho n+

Rho p+

Rho metal

Gc met-N+

Nmos Vt

Nmos Sub Vt Slope
Nmos Imin

Pmos Vt (magnitude)
Pmos Sub Vi Slope

4 para i

6900 4846 4941 4097 4282 5243 4035 5449 4928 4505 4905 4323 3959 5243 5214
511 530 594 481 514 500 490 365 479 484 522 513 455 605 511
1185 1539 1947 1150 1199 957 1200 1968 1500 1750 1300 1250 1585 1510 1354
10874 9660 10443 10489 9546 10711 10743 11651 9455 11357 10987 10966 11160 10957
211212-11-10010-11

1110201-1-1-1000-10

804 750902 814 717 1056 981 1200 869 690 1078 856 809

601 494 503 484 443 430 503 495 499 508 496 529 525 471 406

5723 6272 6635 6652 6442 7185 6089 4383 5656 4607 5107 5003 4838 5850 6054
24321827725516152232151614 1218

45702282 3166 4913 3724 7356 5318 4616 6700 4479 3386 1977 4000 3671

4000 5000 4000 7600 6500 7500 7800 7500 8000

2122282724 3317 2425222026

44 91 36 70 54 28 25 2535 26 23

0.06 0.090.050.010.150.140.10.110.16 0.190.14

1.11.35.00.53.3 46 557.81.5

0.760.821.051.1210.571.591.031.622.11 1.5

100 116 100 250 200 12092 110 75

1.00.10.0111010.10.1110.10.001

11.50.310.80.611.270.440.10.50.6

1129592 12592 86 150 112

Pmos Imin 101010 100 100 1010 10 100 10 100 10
Vinvert 3.81.92.53252.82.92.52.8
v © December 1,2012 Dr. Lynn Fuller, Professor |
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