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Abstract— Converting GDSII input to a physical ASIC
Device involves numerous process steps that rediging
control to finally yield a device which can passotigh
thousands of test vectors successfully. To prewent
minimize the deviations from given specifications a
various stages of wafer process, it is necessaay the
process is under SPC.

Conventional X and R charts developed for processes .

where only one source of variation exists; do not
successfully predict the health of wafer fabricatio
processes where several independent sources Gitizari
exist. The present paper describes a specific ndetbgy
suitable for wafer fabrication processes in arrigirat
Process Control Limits which indicate the healthtloé
selected process and help in taking correctivecastias
and when necessary. The paper deals with contnaitdi
for Run to Run variations.

Keywords— Statistical Process Control, control limits,
CMOS wafer fabrication

l. INTRODUCTION

In a manufacturing industry, Statistical Procesat@n
(SPC) helps in monitoring the production processl an
taking corrective action when the process goes afut
control and thus helps in sustaining establishemtypct
yields [1]. In an SPC method, statistics and statistical
theories are applied on distributions and variaian
distributions of measured parameters to arriveratgss
control limits. Walter Shewhart of Bell labs wa tfirst
person to develop the SPC tool in mid-1920. Sithes
the tool has become a major contributor in quality
improvement process.
In a typical CMOS wafer fab, variations in trangist
(functional) parameters such as threshold voltage,
saturation current, breakdown voltage, leakage ecrr
gain parameter etc. of a fabricated Application cHje
Integrated Circuit (ASIC) may be caused due to gkarn

a) Processes

b) Die location on wafer

c) Wafer position in the cassette

d) Time when the lot is processed

e) Equipment
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f) Materials

g) Environment
* to whom correspondence should be addressed

h) Operators

i) Inspections
Above changes may lead to following three main
variations in measured parameters:
Within Wafer Variation (Based on
measurement on single wafer)
ii. Wafer to Wafer Variation (Based on location of wafe

in a cassette/ boat)
iii. Lot to Lot variation (Based on time when the lot is

processed)
When all these variations fluctuate in expected meana
stable pattern of many chance causes of variatieuslop.
Chance causes are inevitable, undetectable anck leac
to be ignored. Those causes of variation whicHage in
magnitude and hence readily identifiable are ttsggaable
causes. When only chance causes are present otespr
process is said to be under control. However, when
assignable causes also are present, variation hll
excessive and process becomes out of control.
Thus measurement of parameters, statistical asabythe
data obtained and computation of control chartp fiel
two ways — one in understanding the capability and
accuracy within which process operates and ther dthe
deciding whether the process is statistically urctetrol
or not in which case remedial action needs to kenta
There are basically two types of control chartsverage
control chart (X-bar chart) and range control ch@t
chart). First one reveals how close the proceds ighe
nominal design value and the latter reveals amaint
spread (variability) around the nominal design eallihe
control chart has three lines — the upper contioit |
(UCL), Center Line (CL) and Lower Control Limit (LLG.
These lines are computed from measurements on eampl
taken from production runs.
Often X-bar and R charts are developed for prosesse
where only one source of variation exists. Thesenat of
much help in a wafer fabrication process where ipielt
sources of variation, as indicated earlier, exiBhese
charts in fact mislead in such a way that even lstab
processes appear out of control and one keepshssgrc
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frequently and frustratingly for non-existing aswfle
causes. Hence in a wafer fabrication process @rdift

LOT-PPE  WID-2900

approach is needed in computing the Control Chart. TNCH N W

The present paper describes a specific methodology
developed at SITAR to arrive at Process Controlitsrfor
individual processes in the wafer fabrication. Tegper
demonstrates how presence of assignable causebecan
detected from these control charts which in turip hie
identifying the defective process that needs ctinec

Il. MATERIALS AND METHODS :
2.1. Details of Data
A typical one micron CMOS ASIC fabrication procéss Fig 2 (a) SEM Cross Section of CMOS FET
shown Fig 1. As indicated in the figure, standard
fabrication of any ASIC - designed for SITAR falvalves
total 13 masking steps

L 13
Fig 2 (a) shows SEM cross section of a typical CMOS ' 11 '
. i X . . 10
device and Fig 2 (b) shows various layers in aopiat g 9
7

-

representation.

Table 1 gives the quality parameters (Thickness) -
specifications of different layers - that are torheasured
and monitored in a typical production run. It isestial to
measure and monitor these parameters routinelyuaed
the data to verify whether the individual procesass in
control or out of control.

SITAR 1 MICRON CMOS DLM PROCESS FL.LOW

Fig 2 (b) Pictorial representation of CMOS FET

]| ] ] ] [oromos]
| I [ vaasn | YT |
I__.*_‘ ST Following are the details of the layers as depidteleig 2
N Well II N Well P 31 II __Y\I 05 (b) .
.
Layer Description
_
: Gate Oxide
2 Field _O_X|de
3 Polysilicon
4 Spacer Oxide
5 Polysilicon Oxide
i | 6 Boro Phosphq Silicate Glass
7 Metal 1: Aluminum
8-11 Inter Metallic Dielectric Stack
12 Metal 2: Aluminum
= 13 SION: Slilicon Oxy-Nitride
The data was collected from measurements over tk) lo
Contact Metal 1 Depo P 60 H H y
ﬁ_ﬁ” E"—' ,_I'E—u I_I'—' eqch lot co_nS|st|ng (_)f 25 wafer_s. _V_Vafers were ofd@
= with 12 p thick ‘p’ epi layer (Resistivity: 8 — 12.cm) on
__ 625 thick ‘p+’ bulk (Resistivity: 0.01-0.02.cm). Wafers
e - =1 were processed as per standard CMOS Fabrication
technology (E10 —Twin Well DLM Process and LOCOS
Device Isolation). Thickness measurements wereemad
Fig 1: 1 Micron CMOS Process Flow with KLA-Tencor ASET — F5 Model based on either DBS

(Dual Beam Spectroscopy) or SE (Spectroscopic
Ellipsometry) principle.
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As a standard practice, the thickness for eachegsswas BOX A"z Active Area BOX —*B': Over
. Always carment Laver Fleld Oxlde
measured at 9 locations on a wafer and on wafé&enta
from same slots of cassette in a run. Each cassette \,
accommodates 25 wafers and the slots selected Wése

10, 15, 20 and 25.
Table 1: Quality Parameters — thickness of layers

Sl. Description Specification
No. (In A)
1 n-Well Drive In (Batch 2400460
Process) . )
2 | Pad Oxide (Baich Process) 550£13 . Fig 3: Measurgment locations Box A an.d Bo>f B
— Thickness of a given layer under consideration was
3 LPCVD Nitride (Batch 1520+80 measured either at a location A/C on bare silicOftefn
Process)_ referred to as Box A measurement —Always curreygria
4 F.|eld OX.Ide (Batch Proce'ss) 8500+200 or at a location B where the underneath layer wded
5 Field Oxide after ONO (Single  6900+300 oxide of silicon (Referred to as Box ‘B’ measuremen
Watfer Proce_ss) Over Field Oxide). The measurement locations aceveh
6 Pre-Gate Oxide A (Batch 225415 in Fig 3.
Process) This data was initially used to arrive at the cohtimits.
, | Pre-Gate Oxide B (Batch 6900+300 Subsequently data collected from about 18 to 2§ \atre
Process) plotted to verify if the processes are in controlooit of
8 Pre-Gate Etch B (Slngle 5600+300 control.
Watfer Process) 2.2. Control chart computation methodology
9 | Gate Oxide (Batch Process) 19510 In a typical wafer fabrication run, processes carlivided
10 | T Polysilicon (Batch Process)  380+20 into two groups — one with single wafer process Hrel
2" Polysilicon (Batch 4380+220 other a batch process as indicated in Table 1. $imgle
11 Process) wafer process only within-wafer variations and tarrun
Spacer Oxide A (Batch 2300+120 variations exist. In a batch process, such as sidfy
12 Process) wafer-to-wafer (within batch) variation also comiego
Spacer Oxide B (Batch 7900+500 picture due to for example a significant tempematur
13 Process) differential from front to back in the furnace.
Polysilicon Oxide (Batch 325+16 Effective control charts can be made based on data
14 Process) selection of rational sub-groups. In the presesedhe 9
Boro Phospho Silicate Glass| 7000500 specific locations selected on a wafer and six ifipestots
15 (Single Wafer Process) selected in a cassette, as described above, coestite
Contact etch — Wet (Single 3000+300 rational sub-group.
16 | \wafer Process) X-bar chart is computed as below:
PECVD Oxide 1(Single Wafer 3000+125 » Step-1: X-Axis contains a subgroup number which
17 identifies a particular sample consisting of a dixe

Process
inter Meiallic Dielectric Stackl 8750300 number of observations. For example each sub-group

1 ‘ . - .
8 (Single Wafer Process) :s atyvafer C?ESIStIr}g 9 thickness measurements at 9
Via - Wet Etch (Single Waferr 20004300 ocations on the wafer. |
Process) » Step-2: Observations of sub-groups should be in
SION - Siificon Oxy-Nitide 150002500 game order for every wa_fer. Flr_st mspechon gives
. first sub-group and last inspection gives last sub-
(Single Wafer Process) .
group. For example slot 1 and slot 25 respectiirely
a cassette.
> Step-3: Y-axis is the variable — thickness in A
» Step-4: Each point is the average of that sub-group
i.e. mean of nine thickness values measured on the
wafer.

19
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» Step-5: Drawing the Central Line (CL). Average of
averages — X double bar. x

Step-6: Drawing UCL and LCL.

UCL= X double bar + 3*MR baridand LCL=X
double bar — 3*MR barid

d, is a constant depending on sample size. Since
sample size for MR is 2, value of id taken as 1.128.
(2]

Control limits are frequently confused with spec
limits which are permissible limits of a measurable
quality parameter such as thickness.

MR-Chart (Moving Range Chart):

» Range is the difference between the biggest and
smallest measured values. For example in a water ou
of the nine measurements made at nine locations the
range is Thickness (Max) — Thickness (Min).

The Central Line — CL is the average of all the
sample ranges — R-bar

UCL = D4*R-bar

LCL = D3*R-bar

D3 and D4 depend on sample size of each sample.
D3 =0, D4 =3.267 [1]

A\

YV V VYV

M. RESULTS AND DISCUSSIONS
Following are X-double bar and MR charts for vasou
guality parameters:

3.1. N-Well Drive-In (Thermal Process):

SITAR"

Q&R-1

Statistical Quality Control

X and Moving R Chart; variable: N-well

Histogram of Observations X: 2406.3 (2406.3); Sigma: 22.873 (22.873); n: 1

2474.9

2406.3

o297

012345678 12 16 18

Histogram of Moving Ranges

4 6 8
Moving R: 25.810 (25.810); Sigma: 19.500 (19.500); n: 1

10 14

84.309

25.810

' 0.0000

0 2 4 6 8 10 12 14

Fig 4. X double bar and MR Chart for N-Well Drive i

2 4 6

Fig 4 indicates that the N-well drive-in processl lgone
out of control subsequent to 4ot and the concerned
group had been informed for corrective action.

www.ijaers.com

SITAR" Q&R-I

Statistical Quality Control

X and Moving R Chart; variable: Pad250
X: 263.46 (253.46); Sigma: 34317 (3.4317); n: 1

Histogram of Observation:

263.76

25346

24316
.~

0°1.2.8 4 8 68 7 4 6 10 16

Moving R: 3.8723 (3.8723); Sigma: 2.9256 (2.9256); n: 1

8 12 14

Histogram of Moving Ranges

12.649

3.8723

+
0.0000

0123458678 4

Fig 5: X double bar and MR Chart for Pad 250 Oxide

2

Fig 5 indicates that 250A pad oxide realized thtoug
thermal oxidation was under control tifl' 6ot, after which
the process went out of control. With subsequentective
action the process could be brought under conittaa™
lot. But once again the process went out of control
Corrective action is being taken to regain the i@int

3.2. LPCVD Silicon Nitride deposition for active aea:

SIMR Statistical Quality Control Q&R-I
X and Moving R Chart; variable: N3Depo
Histogram of Observations X: 1522.3 (1522.3); Sigma: 20.411 (20.411); n: 1
1583.6
%
PO \
— - — 15223
¥
1461.1
012345678 2 4 6 8 10 12 14 16 18
Histogram of Moving Ranges Moving R: 23.031 (23.031); Sigma: 17.400 (17.400); n: 1
75.231
et 23,081
e
+ 0.0000

-10
T NS T

Fig 6: X double bar and MR Chart forsSiy

2

Fig 6 indicates that the Silicon Nitride depositittmough
LPCVD was very much under control for all the lots.
3.3. Field Oxide through thermal oxidation for devce
isolation:

Page| 20



International Journal of Advanced Engineering Research and Science (IJAERS)

Vol-2, Issue-10, Oct- 2015]
I SSN: 2349-6495

SITAR Statistical Quality Control Q&R-I
X and Moving R Chart; variable: Fox
Histogram of Observations X: 8543.7 (8543.7); Sigma: 54.897 (54.897); n: 1
8800
8750
8700 2 8708.4
8650 > R
8600 + i
8550 Lok A 2 i) . 85437
8500 * A L
8450 Z/—/ v ’ ¥
8400 (4 8379.0
8350
8300
0123458678 a 4 6 8 10 12 14 16 18
Histogram of Moving Ranges Moving R: 61.945 (61.945); Sigma: 46.800 (46.800); n: 1
350
300 ¢
.

250 {4 &
200 } 20235
150 L
100 g ”‘1 - ,."

50 V/////////////A * + o + - 61.945

3 =

R, H . : R o

M1 zs4s56780 2 4 6 8 10 12 14 6 18

Fig 7: X double bar and MR Chart for Field Oxide

From Fig 7 it can be seen that the 8500A field exid
realized through thermal oxidation was under cdrtito
14" |ot after which the process went out of controlithv/
subsequent corrective action the process couldrdneght

under control.

3.4. Oxide-Nitride-Oxide (ONO) wet etch:

SITAR"

Statistical Quality Control Q&R-I
X and Moving R Chart; variable: ONO
Histogram of Observations X: 6973.3 (6973.3); Sigma: 80.080 (80.080); n: 1
72135
4
g |
-
. o
P R - ; 69733
" + v g
¥ +
| “w PO
¥
6733.0
2 4 6 8 10 12 14 16 18
Moving R: 90.361 (90.361); Sigma: 68.269 (68.269); n: 1
£
295.17
A +o.
/ /S + +
? = v ; 90.361
4 i B Ny 1
+ + ey
" * *{ 0.0000
-50
0123456780910 2 4 6 8 10 12 14 16 18

Fig 8: X double bar and MR Chart for Fox measuretnen

after O-N-O etch

Fig 8 indicates that O-N-O etch was very much under
control. However the range chart indicates thatgpread

in etched thickness for lot 16 had gone beyond robnt
which could be brought back under control with ective

action.

3.5. Pre-Gate Oxide through thermal oxidation:

WWwWWw.ijaers.com

SITAR Statistical Quality Control Q&R-I
X and Moving R Chart; variable: PreGA
Histogram of Observations X: 226.56 (226.56); Sigma: 2.5266 (2.5266); n: 1
234.14
25
AN
*. K
e \ s & 1w
£ ‘< N S L 122656
» Yo S s
oo
218.98
| T M T 2 4 6 8 102 s A 8
Moving R: 2.8510 (2.8510); Sigma: 2.1539 (2.1539); n: 1
9.3128
] X
X '*. ‘ “' / ‘\\
; £y ! Yoo
; . ? =
- - " " 2.8510
A ¥ T 4 ;
o sezd Yoreok
4 0.0000
2 4 6 8 0 12 14 16 18

Fig 9: X double bar and MR Chart for Pre-gate Oxide
Box-A measurement

Fig 9 and 10, thickness measured at Box A as vselBax
B, clearly indicate that 225A pre-gate oxide resdiz
through thermal oxidation was very much under aantr

3.6. Pre-Gate Oxide Etch:

Also, Fig 11, control chart for pre-gate oxide efmbcess
as measured through the balance oxide at Box B
indicates that the process was well under control.

SITAR"

Statistical Quality Control

X and Moving R Chart; variable: PreGB

Histogram of Observations

X: 6979.8 (6979.8); Sigma: 84.558 (84.558); n: 1

Q&R-I

72334

6979.8

6726.1

0123458678 2 4

Histogram of Moving Ranges

311.67

95.414

0.0000

-50
0123465678 2 4

Fig 10: X double bar and MR Chart for Pre-gate Oxid
Box-B measurement
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SITAR" Statistical Quality Control Q&R-I Fig 13: X double bar and MR Chart for Box-B
X and Moving R Chart; variable: PreGE measurement after Gate oxide deposition
Histogram of Observations X: 5688.1 (5688.1); Sigma: 113.07 (113.07); n: 1
iy . 3
g A 3.8. Amorphous Silicon deposition through LPCVD:
seoo + Ay h
5700 Foot T * — . ‘ 5688.1
2222 S & YN Fig 14, control chart for amorphous silicon degosit
e s through LPCVD indicates that the process was under
52000 Vg S8 e F 2 4 6 8 10 12 14 16 18 Control_
Histogram of Moving Ranges Moving R: 127.58 (127.58); Sigma: 96.390 (96.390); n: 1
H A SITAR" Statistical Quality Control Q&R-I
: "‘«, X and Moving R Chart; variable: | POLY
¥ ": b Histogram of Observations X: 374.14 (374.14); Sigma: 9.4568 (9.4568); n: 1
F ¥ h 0.0000 360 ;/////// L= /
2 4 6 8 10 12 14 16 18 370 ; '3 s
: W77
Fig 11: X double bar and MR Chart for Box-B i
measurement after pre-gate oxide etch Histogram of Moving Ranges e R S
3.7. Gate Oxide through thermal oxidation: o \
Fig 12 and 13, control chart for Gate Oxide deparsias . ;

measured at Box A and Box B, was under controlldill
11. The deviations observed in lot 12 could be ghbu

back within control limits subsequently.

SITAR"

Statistical Quality Control Q&R-I
X and Moving R Chart; variable: Gox A
Histogram of Observations X: 202.31 (202.31); Sigma: 2.8537 (2.8537); n: 1
21087
p A i +
- f e, *
202.31
¥ Y
AR
+
s 193.76
0 1 : | 3 4 5 2 4 6 8 10 12 14 16 18
Moving R: 3.2200 (3.2200); Sigma: 2 4327 (2.4327); n: 1
12
10518
10 7
¥ % A
6 !
3 s A Foeteet
* 32200
2 ; LR
¥ ¥ *..
0 + 0.0000
-2
0123458678 2 4 6 8 10 12 14 16 18

Fig 12: X double bar and MR Chart for Box-A
measurement after Gate oxide deposition

SITAR"

Histogram of Observations

Q&R-I

Statistical Quality Control

X and Moving R Chart, variable: Gox B
X: 5698.7 (5698.7); Sigma: 108.23 (108.23); n: 1

5300

60234

5698.7

5374.0

012345678
Histogram of Moving Ranges
450

2 4 6 8 10 12 14 16 18
Moving R: 122.12 (122.12); Sigma: 92.266 (92.266); n: 1

398.92

Y — 122.12
/ T

0.0000

-50
0.1 2 3 45 8 7

WWwWWw.ijaers.com

Fig 14: X double bar and MR Chart for Amorphouscsih

(First Poly)

3.9. Poly Silicon deposition through LPCVD for Gate

contact:

Fig 15 reveals that the polysilicon deposition thgio
LPCVD was under control till #5lot. Later it went out of
control and with corrective action the same coukl b
brought under control in subsequent lots. Similaaky
indicated in MR chart, the spread in depositionclihivent
out of control for lot 16 could be brought back and
control for subsequent lots.

SITAR"

Statistical Quality Control

X and Moving R Chart; variable: 1l Poly

Histogram of Observations

X: 4321.4 (4321.4); Sigma: 158.12 (158.12); n: 1

Q&R-I

4795.8
+

43214

3847.0

0246 81012141618

Histogram of Moving Ranges

2 4 6 8 10 12 14 16
Moving R: 178.42 (178.42); Sigma: 134.80 (134.80); n: 1

582.83

200 %

-100

A

N

178.42

0.0000

01238456738

18

Fig 15: X double bar and MR Chart for Poly Silicon

(Second Poly)

3.10. Spacer deposition through LPCVD for LDD

Implant:
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SITAR"

Statistical Quality Control Q&R-I
Fig 16 and 17, control charts for spacer oxide ditjom as et ooy < OMOWIO R Char el SpaosrE
measured at Box A and Box B, indicate that the gsec
was perfectly under control. + i
. 4 “‘ N ,“‘ - ~ P— L. ks
SITAR" Statistical Quality Control Q&R-I i e ;
Histogram of Observations AE NG 5 S«T:?(mrsiislggrnsapf: 5290(45 859); n: 1 2 ¥ g > iy 45 L 8 i

2600 Moving R: 125.72 (125.72); Sigma: 94.981 (94.981); n: 1
2550 f 2556.8
7.8 * 41066
2500 o~ ot X
2450 554 — ' 4ok T 7
2400 :////////////////I/,% - o e + *——24162 I ) i ;
2350 W' ¥ kY L * e r 125.72
o 22756 i ' - ' * e ¥
2250 4 hd 0.0000
2 a4ser8e0 2 4 6 8 {0 A2 e e A 2 4 6 8, 0. B e RN
Histogram of Moving Ranges Moving R: 52.875 (52.875); Sigma: 39.947 (39.947); n: 1 A
0 Fig 18: X double bar and MR Chart at Box-B afteaSgr
17272 .
40 Oxide etch
777 s 4 .
10 . P 3.12. Poly Oxidation:
80 ; R
kw —A A ra 687D SITAR Statistical Quality Control Q&R-I
777272 LI WA S
0 V7700227 + ¥ 4 0.0000 X and Moving R Chart; variable: Poly OxA
20 Histogram of Observations X: 308.72 (308.72); Sigma: 18.151 (18.151); n: 1
1 4 16 18 380
(R e S Wy 2 4 6 8 10 2 - % . &
340 7 & T
. . 320 44 A : g
Fig 16: X double bar and MR Chart for Spacer Oxade ;////////////{{/4, T — L
w2222 Ny
Box-A v v
260 (74 {25426
240
012345678 R 6 R TR T R
S/TAR" Statistical Quality Control Q& R-1 Histogram of Moving Ranges Moving R: 20.481 (20.481); Sigma: 15.474 (15.474); n: 1
X and Moving R Chart; variable: Spacer DB 2 i 66.902
Histogram of Observations X: 7922.7 (7922.7); Sigma: 105.31 (105.31); n: 1 ‘.‘
8238.7
7 ! + i y e “‘ 21 20481
o L = o i 0.0000
’ - i T REE i T SR ks T T T
*{7606.8
T A T e P R e T e Fig 19: X double bar and MR Chart at Box-A aftedyPo

Histogram of Moving Ranges

Moving R: 118.83 (118.83); Sigma: 89.779 (89.779); n: 1.

Oxidation
;‘;g 388.17
300
i ' A ;7 SITAR" Statistical Quality Control Q&R-1
:g: PR S P X and Moving R Chart; variable: Poly OxB
50 ;S ST Histogram of Observations X: 5166.0 (5166.0); Sigma: 117.80 (117.80); n: 1
0 ¥ 0.0000 5600
= 2 4 6 8 10 12 14 18 18 zi:z % * e
. . 5300 ?‘ / & .
Fig 17: X double bar and MR Chart for Spacer Oxéide w7 A NN AR C
Box-B o _— oo A
3.11. Spacer etch: -
0123456789 2 4 6 8 10 12 14 16 18
Histogram of Moving Ranges Moving R: 132.92 (132.92); Sigma: 100.42 (100.42); n: 1
Fig 18, control chart for spacer oxide etch as mmemkat
Box B, indicates that the process was perfectlyeand
g * A iy
control. y L W TN
2 ) e 2 v 0.0000
.500 12 3 4 6 6 7 2 4 6 8 10 12 14 16 18
Fig 20: X double bar and MR Chart at Box-B aftelyPo
Oxidation

Fig 19 and 20 control charts for poly oxidationbatx A
and B respectively. Fig 19 indicates that the pseaghich
went out of control for lot 13 could be brought bamder
control for subsequent lots. The out of controliaion
was not reflected in Box B measurement since tbeease
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due to poly oxidation was small compared to largxXF SITAR" Statistical Quality Control Q&R-1
thickness below. X and Moving R Chart; variable: CONTE
g .. Histogram of Observations X: 4220.6 (4220.6); Sigma: 140.12 (140.12); n: 1
3.13. Boro Phospho Silicate Glass (BPSG) deposition
3 4641.0
through PECVD: A
‘,“ = 'A 42206
SITAR’ Statistical Quality Control Q&R-I Yot . :
X and Moving R Chart; variable: BPSGD 38003
Histogram of Observations X: 7227.9 (7227.9); Sigma: 86.603 (86.603); n: 1 012345678 4 6 8 10 12 14 16 18

7600 Histogram of Moving Ranges Moving R: 168.11 (158.11); Sigma: 119.45 (119.45); n: 1
700
7500 7487.7
r///// A + 600 ? .
100 V/// i e Z) 516.47
: 500 i
2 A ;
7300 £ , e S i P 400 oy
: * 72279 o Y
7200 * ; Ty N 300 ? ! s Y
L7 ¥ 2 by
200 . i
7'00 ' y SN v = * 2 ". 158.11
7uou 6968.1 . ///////////// s v ¥ 5 [
6900
-100
T R : ; : g il s T 0123456780910 4 6 B 10 e e, s T
Histogram of Moving Ranges Moving R: 97.721 (97.721); Sigma: 73,829 (73.829); n: 1
319.21

Fig 23: X double bar and MR Chart at Box A aftentaxt
‘ window wet etch in BPSG

97.721

0.0000

However the out of control situation for wet etchsanot
reflected in Box B measurement for the same reasons
mentioned earlier.

-50
0123465672889 2 4 6 8 10 12 14 16 18

Fig 21: X double bar and MR Chart for BPSG Depositi
at Box-A

SITAR" Statistical Quality Control Q&R-I
Fig 21land 22 for BPSG deposition at box A and B S— i o
respectively indicate that the process was undetrab & \
3.14. Contact window etch in BPSG Wet etch: [ e 7 YT
Fig 23 and 24 for contact wet etch in BPSG as nredsat
Box A and B respectively. Fig 23 indicates that phecess “oiiiisere & 4 G b B @ @ w

Histogram of Moving Ranges Moving R: 222,85 (222.85); Sigma: 168.37 (168.37); n: 1

went out of control for lot 15 which could be susskilly
brought under control with appropriate
corrective action in the process recipe.
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Fig 24: X double bar and MR Chart at Box B aftentaxt
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Eo L S VTN 3.15. Contact window etch in BPSG Dry etch:
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Fig 25: X double bar and MR Chart at Box B aftentaxt Fig 27: X double bar and MR Chart at Box-A afterdti
window Dry etch in BPSG PECVD deposition
Fig 25 reveals that the contact dry etch in BPSG as SITAR" Statistical Quality Control Q&R-I
measured at Box B was well under control i T
3.16. Metal -1 etch: N
SITARN Statistical Quality Control Q&R-I + oo
X and Moving R Chart; variable: M1ETCH : Mo:mgﬁ 1:7 65 11:755.‘ Si:m «z;;uzs::sxn 1‘5 i
Histogram of Observations X: 6436.6 (6436.6); Sigma: 113.12 (113.12); n: 1
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O 2 s 4567 2z 4 s 8 0 12 u Fig 28: X double bar and MR Chart at Box-C afterdti
e Histogram of Moving Ranges Moving R: 127.65 (127.65); Sigma: 96.437 (96.437); n: 1 PECVD deposmon
:gg 416.96
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w A A 3.18. Second Inter Metallic Dielectric (IMD) depodion:
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Fig 26: X double bar and MR Chart at Box B afterttel

etch ‘
It is evident from Fig 26 - the control chart foetal etch, ek i e .

that the process as measured at Box B was wellrunde
control.

35337

3.17. First Inter Metallic Dielectric (IMD) deposition
through PECVD for Metal-1 and Metal-2 isolation:
Fig 27 and 28 are control charts for IMD1 depositas

Fig 29: X double bar and MR Chart at Box-A after

measured at Box A and Box C respectively. Box A and PECVD stack deposition
Box C are identical t'|II BPSG deposm.on.'When BPBG SITAR Statistioal Qualiy Contro Q&R-I
etched, BPSG remains in Box C, while it gets etcimed S R
BOX A AS |nd|Cated |n Flg 27 and 28, the IMDl demn Histogram of Observations X: 15165. (15165.); Sigma: 174.79 (174.79); n: 1
process was in control till 1710t and had become out of 18080
control for 18" lot. Corrective action was initiated to bring A i
- = rll e 15165.
back the process under control. ;
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L : Fig 30: X double bar and MR Chart at Box-C after
E , PECVD stack deposition
:g ‘: 72126
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stack, that the process, as measured at Box A and(B
respectively, was well under control till lot 17hd process
went out of control for lot 18 based on which nded
corrective action was communicated to the respectiv
process group.

3.19. Via etch - Wet in IMD Stack for Metal 1 and
Metal 2 Interconnection:

SITAR Statistical Quality Control

Q&R-I

X and Moving R Chart; variable: VIA-WET

Histogram of Observations X: 6721.2 (6721.2); Sigma: 131.98 (131.98); n: 1.
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Fig 31: X double bar and MR Chart at Box-A afteAVI
Wet Etch

Fig 31 and 32 are the control charts for via wehen
IMD Stack as measured at Box A and Box C respdgtive
The figures indicate that the process was well unde
control till lot 17. The process went out of comtfar lot

18, based on which corrective action was initiated.

SITAR Statistical Quality Control Q&R-I
X and Moving R Chart; variable: VIA DRYC

Histogram of Observations X: 4172.6 (4172.6); Sigma: 280.75 (280.75); n: 1

{50148
*
ok
* <2 sl NI 41726
= RS : 2
% ¥ \
i--433303
.
0246 810121416 2 4 6 8 T T T e T
Histogram of Moving Ranges Moving R: 316.80 (316.80); Sigma: 239.34 (239.34); n: 1
.
/410348
*
/ L i o ] i
LSS . 316.80
LN B ! 5 RST H
ot * L * 0.0000
2 4 6 8 50! Raroake g A8 218

Fig 33: X double bar and MR Chart at Box-C afteAvVI
Dry Etch

Fig 33 - the control charts for dry etch of IMD dcltaas
measured at Box C. It is evident from the figurattthe
dry etch process for via was well under contrdl lok
17and went out of control for lot 18. Accordingly
corrective action was suggested.

3.21. Final Passivation — deposition of Silicon Oxy
Nitride through PECVD:

Fig 34 - the control chart for final passivatioa. ithickness
of silicon oxy nitride as measured on metal 2 yas well
under control till lot 17and went out of controk fiot 18.
Accordingly corrective action was suggested.
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Fig 32: X double bar and MR Chart at Box-C afteAVI

3.20. Via etch - Dry in IMD Stack for Metal 1 and

Wet Etch

Metal 2 Interconnection:
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; X and Moving R Chart; variable: PASSIVATION
Histogram of Observations X: 14406. (14406.); Sigma: 1470.2 (1470.2); n: 1
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Fig 34: X double bar and MR Chart for Passivation

V.

CONCLUSIONS

The health of a wafer fabrication process can be
successfully monitored with SPC tools such as obntr
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charts for measured quality parameters. Howeveafemw
fab such as a one-micron CMOS ASIC fab needs htkfig
different methodology to arrive at the control lisi
especially to know run-to run (lot to lot) drifts processes.
Once the control limits are established, it becosesy to
detect out of control situations and take immediate
corrective actions.
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