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ABSTRACT

The mature technology and inexpensive price of Silicon wafer makes electrical consumer industrial
become popular. But the technology of semiconductor process becomes more difficult with the
device width becomes smaller. Therefore, we-can’t use the same recipe on various products. We need
more instruments for analysis and experiments. And use the results to optimize the recipe for each
product.

Our company’s product has suffered this issue and yield can’t meet the criteria of production. Hence,

we used SEM and SIMS to analyze and found below issues.

1. Metal via and under layer metal line un-landing

2. Defect occurred and resistance too high on cobalt silicide

3. We can’t use the same metal via etching recipe for all products. Some products may encounter
short issue due to etch not enough. Some products may induce electrochemistry effect with over
etch. And this caused the metal via under metal be damaged.

We did a series of experiments and analysis for above issues and found some methods to improve

them. The methods are listed as below:

1. Use scanner which has more accurate exposure ability instead stepper.

2. Use taper metal etching recipe and this can fully cover the metal via under metal layer.

3. Use PE SiH4 tool to replace LPTEOS tool and this can make defect not occur of cobalt silicide.

4. Change anneal temperature of cobalt silicide to reduce resistance.

5. Change metal etching recipe to let the products with different metal thickness can use the same
recipe. And it won’t cause short issue when metal is thicker. When metal is thinner, it won’t
cause metal via under metal layer be damaged.

For diverse product designs and characteristics, it will have different methods to improve yield. Let

us keep putting efforts on research and make electrical products more progress and cheaper.
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Brief Process Flow - First Layer (Diffusion)

1.1. Wafer Start P-type 15-25 OHM-CM [ Stepper Exposure’

1.2. PAD Oxidation (stress ‘buffer) S .

1.3. SiN (Nitrid) Deposition | S ONGRN S
1.4. Diffusion Lithography :

Active Photo : P-sub

1.4.1 P.R. coating (Silicon water)

1.4.2 Stepper Exposure

1. 4.3 Development Diffusio

SiN  (Nitrid) 1500A
SIS TS TS TTSTS SIS TS TS IS IS

P-sub
(Silicon wafer)

B 2.1-1 4% Oxide ¥ SiN



1.5. Trench (STI) Plasma Etching
1.7.1 SiN Etching
1.7.2 Silicon Etching

1.6. Photo Resistor remove

1. 7. APCVD STI refill

1.7.1 Liner Oxide Growth

1.7.2 APCVD Oxide deposition

1.7.3 STI Furnace 1000C Densify

1.8. STI CMP
1.8.1 STI RM Photo
1.8.2 STI RM Etch
1.8.3 STI CMP
1.8.4 BLANKET STI e
1.8.5 PR STRIP

1.9. SiN remove

region
after SAC-110

YU oo

(Silicon wafer)

®B2.1-4 2 "FSTILE eS1N



Brief Process Flow - Well formation

-WELL Formation :
AC OX

-WELL Photo
-WELL implant
IMPI B 2.1-5 g+ » 22 N &rpP 2 %

ZZUJ%

PAPT IMP

2.2 P-WELL Formation :
2.2.1 P-WELL Photo
2.2.2 P-WELL implant
IMP1

IMP2

IMP3

VIN IMP

Brief Process Flow - Gate Oxide and POLY
3 Gate Oxide Formation :

.1 Thick Gate Oxide Growth
3.2 TG Photo i
3.3 Gate Oxide remove & PR Strip =
3.4 Thin Gate Oxide Growth

(@]

4. Poly Growth

1Gate Poly Depo

2 N+POLY Photo

3 N+POLY implant and PR Strip

Ll ol




Brief Process Flow - Gate Engineering
b Poly Gate Formation :

5.1 Poly annealing

5.2 Gate Poly Photo

5.3 Gate Poly etching

5.4 PR STRIP

5.5 LDD OXIDE

.LDD (Light Dope Drain) implant
.1 LV PLDD Photo & IMP
.2 HV PLDD Photo & IMP
.3 HV NLDD Photo & IMP
.4 LV NLDD Photo & IMP

P-LDD PR

Sy O O O O

B 2.1-8 £ » 2 2
PLDD £ NLDD

Brief Process Flow - Drain Engineering
T Spacer Formation :

7.1 TEOS Dep

7.2 SIN Spacer Dep

7.3 SIN Spacer Etch

7.4 P-ESD Photo

* Channel Length

Source Drain

7.5 P-ESD IMP

8. S/D Formation

8.1 N+ S/D Photo sl 7 Y-
8.2 P+ S/D Photo Y _
8.3 S/D RTA Anneal

B 2.1-9 &2 RiEdZ Atk



Brief Process Flow — [LD Passivation
9. Salicide Formation :

9.1 SAB TEOS Cap Oxide dep.

9.2 SAB (Salicide-Block) Photo

9.3 SAB Etch

Pr strip el 525777/ T
9.4 Pre SALICIDE DIP % //éﬂ

9.5 Ti/Co sputtering

9.6 Salicidation RTP C49 annealing
9.7 CO-Sale TIN-CO Remove

9.8 Salicidation RTP Cb4 annealing

P-sub

10. ILD Passivation

10.1 CO-SiN Liner deposition
(Moisture and sodium block)
10. 2 AP-USG deposition

(Gap filling and P trap)
10. 3 TEOS-PSG deposition
10.4 ILD CMP

Brief Process Flow - Contact Plug

11. Contact Plug Formation :

11.1 Contact Photo

11.2 Contact Plasma Etching

11.3 Plasma PR strip & Organic PR strip
11.4 Barrier layer deposition

(Ti + TiN for well contact)

11.5 WCVD Filling

11.6 PLGO WCMP

11.7 Metl Ti/TiN Sputter

(Ti + TiN for Metal adhesion)

11.8 Metl Sputter B 2.1-12 & & contact &2 Ml %
11.9 Metl PESION Dep




Brief Process Flow - Backend routine (Aluminum [ine)
12. IMD deposition

12.1 Metl Photo

12.2 Metl Etch

12. 3 HDP-Oxide deposition

( Gap filling)

12. 4 PE-Oxide Deposition

( Planarization and uniformity)
12.3 IMD CMP

12.4 IMD1 Peteos CAP

13. MVIA plug formation

13.1 MVIAl1 Photo

13.2 MVIA Etching and PR strip

13.3 Glue Layer deposition

(Ti + TiN for plug adhesion)

13.4 WCVD filling

13.5 PLGI WCMP

13.6 Metal Liner deposition

(Ti + TiN for Metal adhesion)

13.7 Met2 Sputter

13. 8 Met2 PESION Dep B 2.1-14 Ji* 455 %)~
MVIAL & » & & &) M2

Brief Process Flow - Backend routine 555555555%1-rF!! Pad I
14. PSV formation =
14.1 PSV HDP Dep oo ers Flﬂ!k::r
14.2 PSV PSG Dep o —_—
14. 3 PSV PESIN Dep -
14. 4 PSV Photo
14.5 PSV Etch
14. 6 ALLOY

14.7 WAT
14.8 QC Inspection
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2.2 AT S

- Jé;’l?]ﬁ?ﬁi\f;ﬂ’-’Lz\»\i RIS -f'?xi,ﬁ? ’ ? WH e R A 0 A LT 7]
(D) AR ELSITRE ﬁ ﬁ%mamwﬂ;i’%%ggﬁ
éi(OM) Pt o FHcs (SEM) % » " U4 g chTh g ~ 395 42
oo LR KA Sk o e 1 a8 R B . (2) i é"‘*ﬁa\ﬁ@&ﬁ
4 X KBTS R S My T F EHRE TR u;,,\*fml,, R RN ﬁ
G A P BEASE Y 2 A R A A G
FRF(3) ~E (M) AT RE AL R o i e LR T E
i BT Atk (ABS) s - w43 Pk (SINS) % - H#Ed
FHEITHANHAMAG > T EE LG SES 9 o

2.2.1 = = a4+ T & SINS

i

Z xS ’Fﬁ‘:—g- liQ(SIMS)-EI!,;gr’?)\Er]'/E? 7\/’}@;‘ » A A e RS RO~ &
TAG o h#F A RMT A4 7 s 'k*l*%l Do el 2. 2-1 2o o
T‘Q/ﬁ_—;é\_@ﬁ%)\%’;ﬁ—;#\ %J)\ﬁx—\]}]ﬁﬁl‘!’—. ﬁﬁﬁﬂ”ﬁﬁ(ﬂmﬁvﬂhafb
RHI Lo FEE 3 4pd RS (sputtering) > FRF:d = & 6 e gl

SARIFIFTHREF B RARTFET AR A 0 BT G Pl
BT ERTE A2 - R % A (ppma) > {3 AR i et 17
éiﬁﬁf—ﬁﬁiﬁﬁﬁmMNﬁ%ﬁ&ﬁﬁ% ORGSR AL A
b ARG ARSOFE R IIET AT Ak o

SRS TR GEE G LAy a Beh- S+ (primary ions) R #F
FlFEed e o  SEEBEY S AL aamhIa s I RFNL |
B+ kg e S S+ (secondary ions ) dc B I F @ &  (mass
spectrometer ) L&z At5 > mEPRETE e S~ E 2 THE TEAL
ﬁNPiofﬁ’ﬁﬁ—&»%@+?u£$ R E I M) B IV A
BES A o TR T v SINS (eRTMCE A 2 RR o - S aES ok
ARF KA HEEES 2 LA e 20T 304K (mm)iFE P OEE ﬂff‘ﬁ'z'r\n’?ﬁ?*"ﬁ
ik om oo pLBED U - (0.5-20 kV) edp3+ g R FRFZS 4o > &
AHpF ez RS o L FE AT R AR -

SIMS REAEE* 222 a F ry}é% e e 5% s z&##ﬁﬁ? AN
Pl &3R5 1 (1) R HFF T - HEF LS @)Uﬁiéﬁ@
WA AP F R EHERET () EFFTEERHAFTHEK S 2 (4) &

SRR R (S e AT Rl

SR FHRAFTNREEAT (1) WpHEFE ppme # 3 3] ppb
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Fo(2)xPA Ly mgET AR 3) FURAREE S (4) T
A TR 5 (5) SRR A - 45 10 ~ 20 nm » &l¢é2~5nm,(6)
d A H m#BiﬂLg FEICERESRL (7)) RleERL - A
2 SR Ll %?&F,J: AP A 20 nm ~ lmm s (8) T O iRE A
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AR T HE R o

AN

SIMS 2 i # (%R » blhc BRI G 5% ~ § 1 ~BR ~ St b~ 1
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2.2.2 fda 3 %+ BAE

TANMBEIEE Y BLETRL 0HTIAFEARYE AL
PR - MLk AT L RN T SRR 2.2-40 - ihs XMELE 32D 5
TFEHTF X F F e IHT T cAuger 2 F 2 X HRE o3
R g B 5 B8R F ks (TEM : Transmission Electron
Microscope )5 &% > % 1931 & e 3% 31k % 7 & & s (SEM: Scanning
Electron Microscope) B # 1935 # 3% 21 o o > 5% g 5 B 7 SEM 347 B &
I AL 2 SRS P i Rk 0 - B B 1965 & 121k SEM A
T EEAL i o i8 SEM i B ap g Big 0 7 s o iy i
WEHRE D EEHAAITHED ER L R RS R BT
S FEBFLAE PR AR BRI R T FHE B
F-#r 2+FR2 -2 PRI 0k ) o

B 2.2-4 T 5 iRz
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2.8 | Ef | M |kl 5% BT
farl,  FEAEEREE MR AERE Z=A JE R
TR EXEh RERESH  SRRARAYE =5k
P AR AR BIER  AdERE
& WAAiETE RS
e e ]
=8 i mm um =10nm =0 1nm
iR AR 1 ~50 10° 10 10°
FAfE |
AR AER _
I?&%ﬂﬁ?ﬁﬁﬁml
. | %?Tﬂ?%%]im&
3 T E
| —
FiE gl EM
[ I
FRiEF s o B
| |
%ﬁﬁ%iﬁ?ﬁﬁ
B 2.2-5 T 5 BicsL 2 Rl

i7# K TEM 2 SEM st sc p A72 2 > TEMA R g E > % 5 ©
() FREBE AT FFTEFT a4 > VERRE L S A EagE?
TRd L% (in-situ observalion) #5445 % ; &~ ik & ¢ x‘%»%’;

(chromatic aberration) ; 3f4v & 75 % o

(Z)B AFF B gk 5 2 g 0.18 nm~ &M (. 14nm - £ B
31983 £ & 2 R R G Hakg s 0 2P 1000 keV 2 B+ & FET F Hik

4 (atomic resolution electron microscope * AREM) H 2Ly gLz 4 3%
FE 0. ITnm> ¥ 2 EBEBEHWY HRF o

+ it £ #» ¥7%k (electron analyzer » EA) ¥ #=

( ) AT ;H:_Eé_ ‘Q\T"‘r}ﬂ g
TR NLE B o
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()BT 3 kR 2528
%

E\% —%@‘]ﬂl’?ﬂ—;%?;kilnmoxﬁiﬁ}%%?
PRt o fr ek o {5 B B

b1
E = B Z B > ifut(holography) °

BSEM =6 0 - 2 % 3B A PR o B R Ao X CRER RIS 1T R
(X-ray probe micro-analyzer » XPMA) #2 A 45 &k B » U F¥5 4 F & 5 0
BRECESLE

iT#E KHE-TEM 22 SEM % & 5 - » B ﬁaa R R TR RS
¥ pic4 (scanning transmission electron microscope » STEM) 7= s %
STEM *t4e 2 oo 47 &R E > 4o XPMA~EA % > 7 HE S AR+ Hik&
(analytical electron Microscope) -

o

&
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FIR ARUFRALRE

—%T%JE]%\, AT FIRS D A SN “’L*‘?‘ki TmaFxrg 68.9
% »xerp|3#78 B 5 Binb Mbist 14.4% £ Bin 6 ATPG 9.1% -
"'37\') Tl AmzEIE A D ;‘%-g AP FEY S I H D
% 3T ¥ Efc.g.j:‘*’% v RH A A FeengR A M o

Y|e|d Trend 0 vield
Bin 1
i
0, 72 (04, 2940, 0, D In
o0% o L TETEY 68.9% 25% | 9Bin7
70% [-65-2% 62:4% -
60% |- 1 20%
50% | | 159
40% |
30% | 1 10%
0, |
20% | cog
10% |
0% ‘ ‘ 0%
NOV DEC JAN FEB MAR

%3.1_1 é‘rr-;:’llf\/?) A E—j’jﬁ\_‘%_ E ’13_75%'1":
T A - 7 Mbist £ ATPG

Mbist & - Bt » 5 e RAL T RITER PN > U A 2 RER R
P27 R o BIST B4 @ 1Rl 5 Al oL i > ¢ FaPp i~ i {on
ﬁmw?“ﬁ%&%ﬂ@ G-t R mwlwﬂé-@%ﬁazwﬁ‘m
w el F LR L E e BIST 575 & b on* i& o BIST 47 445t p
T p A ﬁé/? pqé‘r\?’g ’ T}“fﬁ;f] %‘3}@15{«;%@;{0 A £ ]
RSB vT AR S YR 4 T R R R R R
ek fﬁ;ﬁé‘f#oﬁb o RFEeEAL NE IV RTRES Vi LR o
MBIST ‘3“—;5-1‘#“ BF e tpmRahp BP0 D T BRI o B
thenplzde £ o

ATPG p # R3¢ Bl 1k 2 2 (Automatic test pattern generation, ATPG) ,
g - A1k A4 Eﬁ’} KRBT IR mﬁi—?‘ T B ITRRR R H /?Jﬁ‘l—“i&"
AR BED Y S e E S (en:Fault coverage) €.24% %]
Epend 1T, F15 v aug R (B o w4t e & 848 (Combinatorial logic)
foth B BIE (Sequent1al logic) fa B Rl:E » v F R * 2 e ATPG 2

e
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3.2 #* & 171k BSEM & SIMS k43 & 4 »cm F)

S g4 skehA 5 1% Final testiflsd o 7 7 4vd skehh g 4
sl 4r£ 3. 2-1 0 £ # R IP vendor#t i-<bit map[1~5] &k = i=4cHl
3.2-1> ¥ @ark sty A b g B e Ble3.2-20 7 @ * SEMik
E RS IISRAMeh B 4o @13 2-2 > F A sz} w7y ¢ o J SEMM
3.2-3% » g mVia™ i HET R LR FIRATEUFE F I A
ok ensgag kY > Contactii 2 A BABEL ¢RF LR
RARToORFTEIES s $RLF o+ FELERMLF R F] o

Die X|Die Y|Fail pattern  |Fail cycle & address|Fail log

134 133|CPU_MBIST1

91951 9129|067 |l i LELLILLL i LLLL

134 133|CPU_MBIST1

91951 9129|67|Liniuiiiuiiiiiiiiiiii L LLLLILLL i LLLL

128 123|CPU_MBIST2|5| 10143| 10089|55 [LiiLitiiiitiiiitiiiiitiiiiiiiLiLiiiLiLLLL L LLLL

129 123|CPU_MBIST2|5| 10309| 1025555 |[LintitiiiiiiiiiiiiLitiiiLiLiLLILLiILILiLLLL

129 123|CPU_MBIST2|5| 10309 10255|55 [LittiiiiitiiiiiiiiLii i LiLiLLiLLILILiLLLL

9
9
5
128| 123|CPU_MBIST2|5| 10143| 10089|55 [LiiLitiitiiitiiiiiiiiiiiLiLiiLiLLLLILiLLLL
5
5
5

127) 145|CPU_MBIST2|5| 1032|  978|55 Ll L LiaLLLL

127 145|CPU_MBIST2|5| 1032| . 9785S|LauiiiiLitiitiiiiiiiiitiiiiiiiiLiiLiLiLLLL

% 3.2-1 Mbist% »zdiesil 45 22 3 &k

" | 2§ 3 F Wy

PP @ @

§ : & % & 3 § 8 § B B 5 3

B®l3.2-1 IP vendor # & :SRAM bit map
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Mbistl
512x22x2  [SY208016N02
GI_MEMS5 |10 X Y
123,132 12 90
124,131 15 48
119,133 18 102
129,137 23 113
120,125 41 64
#3.2-2 % ixtsH WV {Baed »x vt B SRAM > 77 ¥ drig 4 sie B AR

W N[ —|— W

IFAB24_SY208001NOZ 1FAS24_S¥2C2019
IFAS26_SY20801BMOZ | FAS2S_ST20201F |FAG26. 5Y202001M02

[ ‘
FAS26.5Y310020 E |

4

ep——
T

FASZE U004 12004 L{

FAS26_SY208016N02 -->

-H FAS26_SY208001 HO2

FAS26.5Y310008M04
FAS26_SYJ10008N04
R ]|

TFAS26_SY20801C TFAS26_SY208001 NO2
FAS26_SY3 10008 NO4 TFAS26_SY20801C

1FASZ6_SYa10008N04 1FAS26_ST10002N04

MEFAS
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3.3 HEHEF Uik AT

% A i de SEMPR 2 & GDS )+ 4p 0 & 4- B 3. 3-1° i ¥ 2 % 3. Contact &7
Metal 1 £ 5 0. lum> FlieBh L » 5 5 Exk 4 b’%] AT Hicontact &
via A F 4 > fLﬁ«e'ﬁ&ﬁE"\'F“iﬁf e AR Am Eikens g
AP AR P TR R

e

e - Metal2

- Vial
i "( Metall
. S - Contact

- Active

... i - S . | o Ags. (ross sectic

_______

=
¥
)

M 3.3-1 % »¢ IC e 5 W $ ODS 3

B 3.3-2 %5 [Cch2lo BTS2 BA S 2k
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A g 6 ¥ RRKEFF & Vial 230 E"* Scanner # - 0 i &
Via2~Viab P » #21~24 5 * Scanner > #20,25 i = 5 Stepper ’ ¢ B
3.3-3~3.3-6 7 P BF IR > 242R * Scanner d [flF v B ¥ AR
2 %K o
FREBFEV LIS R a2 APFEYETOLF > 5 A0
ERR eSO s o)l I

Step Condition
Vial Photo Scanner

Via2~Via5 Photo Sacanner

Stepper
Yield . 83.0% 89.4% 88.8% 82.4% 67.0%
Yield Avg 87.6% 74.7%
Bin 1 . 79.5% 86.5% 88.0% 79.4% 62.4%
Bin 2 . 3.5% 3.0% 0.9% 3.0% 4.6%
Bin 3 . 0.7% 0.5% 0.6% 0.4% 0.4%
Bin 5 . 5.0% 3.4% 4.8% 6.3% 14.7%
Bin 6 . 8.3% 4.2% 3.9% 8.3% 14.0%
Bin 7 . 2.7% 2.2% 1.9% 2.6% 3.9%

® 3.3-3 Sacnner £ Setpper # & ¢hisplit table £ 2 5

HGTTS.03,30,1,CF1 HBTTS.03,25.2,CF1

- B 3.3-0 i * stepper ds [f] CP iR|3% B2
B 3.3-4 ¢ * Scanner =% [f] CP i|3:% B2
0.92
0.882441
0.88
0.84 |
0.80
[a]
d
> 076 0.746584
0.72
T~ Max
0.68 Min
[ 75%
0.64 25%
’ stepper scanner O Median
LT_TOOL

B 3.3-6 & * Scanner 4% [f] CP Bl3# 2 5 v Stepper #
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34-&5}51:" ’/’L;g’:}%’r—]<l>r§[ $%Ejfbi’n/b§i1-\b%‘}.

RN ‘/_m.f}i
d B3.4-1 PP R @ % scannersk ¥ s S w ik B SRR

R RTIERTALFERG - RAFE AP HFEFT - B
g
——r e e e 100%
. ! 80% - 99%
B60% - 79%

80% - 99% 40% - 59%

0% - 79% 20% - 39%

40% - 59% 1% aex

20% - 39% 0%

1% -19%
0%

65% 62% 663 60}

64% 60% 633 64

659% 67% 623 6

64% 62% 593 54

|

L1
|
|

Bl 3.4-1 ¢ Scanner ¥2 Stepper e F & Bv M F IR > & * Stepper % »
A 24 #4% die 4 xR %

Flem i & X 2pliEE B S MBIST 2ATPG - 2 d K FlRIFSE %5 %
FPREREBF T FIEERSORE > WA PRARIFE LB it
(salicide)F Mt &4 & Hw it 5 %122 FSEME B> 4 B3, 4-2 SEM
Y2343 TEMR Y @ » A PFT g Rés &R L %G 37§ ks
s d SIMS= & &~ 45 > 4@l 3. 4-4 » 'F“ bAEE P PP BT TG D
o {HhEF AP hgE o LHE/p Py £ ERViaE » 4%
]:’Fl? ﬁ;ﬁbeJ b E R i o NPT 2B TL;}%H’JE'I.:IEE’%E :

]"4?}%57 IL#ﬂm,ufi’}%'j\léym{LP TEOSe4% 5 » 7] féﬁ\gr'm/u
f Pﬁtﬁua—l?’f’ FEERAIK®EEERESE[6] > @ 7 %’v ’%’%J#c/i »
B13.4-5 » 3 xf“l—gﬁ") @ &% - PE SiHA¢2LP-TEOS[7] > B Agd ifh 3 8
- RePESiH4 - AF B3 ERDEN > BEARTT R AL £ W r‘*#v».m
fhad- R é’:%ﬁi%’%hl Komd Sz ffmﬁ?éﬁ’i‘aﬁ f“#;i'i%’fﬁﬁﬁ'}#ﬁ%f@?
Leng ko0 ¥ e ¥Co-Salicidesp i » @ A2 S F g ¢ it 45
(CoSi2) ,i&m "% M reig; I 45 feMVIAl Scanner¥? Steppert & @ % ° €
FEHMIAL R F1E_F 5 242 cnSRAM 3 e VIARE & > 7 U9 ok
L -P &
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>
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200+

100+

; T T
0 S0

B 3.4-4 % 2~ [C e SIMS = & % 47 ]

W \\ﬁ
LPTEOS PE Sill4

®13. 4-5 LPTEOSA#E 1 %k eh2id 3%

@ PE SiH4 0% & /’u;ﬁ% Dok e

imﬁﬁéﬁﬁﬁ—y,vgim&mw
BB AL wFE B E

100

Cobalt a1, Tungsten Mal

H—

4§ e sih % 4o 3. 46 > 7 10 518 7 PR Silidehs  47eCo RTP 800
TRt it U he W3, 47823480 7 % seefbink F 0 4o @13, 4-9 -
a3 ; S PE SiH4#RTP2 % & 5 800°C » $f:c§ % »c bin MBISTH %+ ¢
sk 5 T d W3 4-107 @ * 800°C RTPR » H pe i 7 ¢ o i o

d B3, 4-1123.4-12 SEMeB & » A+ 105 7id * PE Silldents o
R A AR R R R B 4 R S aA 2 5 2 #RTP2:D
R E S 800°CPE[8] 0 o WIS 4-13213.4-14% » T i T e R R

SR BT AAFRA PR
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STEP CONDITION 1123142223241 25]15 (6|7 |8 |18[19(20(21| 9 (1011|1213 (14|15 16| 17
SAB TEOS LP TEOS BASE OX (STD) X[ x| x|{x]x|x|x]x]|x
PE SiH4 BASE OX X x[x|x|x|[x]|x|[x]x X | x| x X
850C STD X | x| X X [ x| x|x
Co RTP2
800C X x| x| x| x|[x]|x][x x| x| x|x]|x
5K66A1 (stepper)
MVIA1 PHOTO
4UB6A1 (scanner) viv|v|v|v]|v|v|v|v]|v|v]v|v|v|v]|v]v]|v]v]|v]|]v]v]Vv]|v]vV
Yield 879|829 [88%]66%[87%]929%]93%[90%[83%[88%[81%[91%[90% [88%[86% [86% [ 76% [75% [ 79% 8296 [89%[88%[84%[80%[9 1%
Average Yield 88.3% 86.6% 77.8% 86.4%
MBIST ( Bin5 ) Failure Rate 4%|3%|2%|4%|3%|3%|2%|3% 8%|4%|9%|2%|3%|8%|4%|8% 14%|7%|14%|12% 3%|4%|5%|e%|2%
Average MBIST ( Bin 5) Failure Rate 3.0% 5.6% 11.8% 4.2%
ATPG ( Bin 6 )Failure Rate 4%|6%|4%|20%|7%|2%|3%|3% 5%|3%|4%|3%|4%|2%|7%|3% 4%|14%|3%|2% 5%|4%|7%|11%|3%
Average ATPG ( Bin 6 ) Failure Rate 4.1% 4.0% 5.8% 6.0%
] a4 4 2 )2 o ’ 2 . | 2
®B3.4-6 4 £ & # v $ ¥ Scanner/Stepper<Split table#r 2 &
PEOX PEOX LP-TEOS LP-TEOS
800C RTP2 850C 850C RTP2 800C RTP2
R T el
Ve : N J A = 42 B v N7
B13.4-7 i¢ * PE SiH4 4% & pF$MBIST 3 P Ag e & e %
Yield VVersus Salicide Process
o8
92 |
g7.15805 86.9681 Ot
86 |
o 80 ¢t czschoces
- 17.12766
S
74 | -
Non-Outlier Max
@3 |y Non-Outlier Min
© [ Median; 75%
62 25%
PE+800C PE+850C LP+850C LP+800C © Outliers

Salicide Process
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B3.4-8 Split = f&i% ¢ 2 & eibox chart

Failure Bin Versus Salicide Process

Failure rato (%)

Salicide Process

O
—
5.77507
oar3el63524
1 [ MBIST
L —1 [ ATPG
O Ouitliers
PE+850C LP+800C * Extremes

.4-9 Split w % & 1 & 43378 FATPGE MBIST<box chart

- ——RIPSIC

——RTPZR00C

“

Poly space (um)

RIS —A—RTFIS0NC

028 0.26 0.24
Poly space (um)

B 3.4-10 ¢ & rF—]'E'_/?'J EIfE
enfe g vt 850°C i X

#p ke eaCD &= <t > & * RTP2 800°C




R il
| S5 piig

i
R i Lo I
A }

" LO18-SA1 poly space 0.28 LO18-SA1 poly space 0.26

B 3.4-11 @& * LPTEOS # S A Renbs £ o it F > v g Rl g5 &

GRS T

e TR Sy
114 g A e P e

-
o L o 7 n f r  h  y ﬂ
b
}

b v oy e
¥ R T i B A

i T +
i 1
. _," ) |
B e ey
- B S el -

b g St 4

LO18-SA1 poy space 0.28 LO18-SA1 po sce 0.26
B 3.4-12 # * PE SiH4 s S Af I kends £ o 5 > 15 #F R4 1A
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RTP2 gBac |

Decorder

SRAM region region

Bl 3.4-13 RTP2 850C ¥ 117 3lbs & /Ef: ;}v-

ok § 1 44

Ll
r:.u-t—ww-t—- "a

Tiar AR
4‘ :L'T . k=

o L {ESTER S
region ' Decorder region

B 3.4-14 RTP2 800°C 5 # & & Bpw i H 5 455> & TR 850C
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== N 21 2 > - N
BHFH AR AT (1) &£ & B P F AT R LS
l—‘ 2
VR B
d G A BRI R g ek o AP 4t?i$i FER
Rt B ARt 5 Scanner 8 5 0 X ERATEARS & HF I F0F
oo MAED{ FakgE |
d B 3.5-1 cpliEscdp 3.5-2 LBk g 2 mAR T Scanner £
Stepper - PE Sill4 % & #5772 RTP2 800°Cr= » 38ic ¥ E'J il 2 8 T e ¥
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HGKIT.00,00,1,CP1 HGKIT.00,10,1,CP1

M1 0.2
9 10 3
0.2 \ \
M1 ADI CD 0.21 \ \4
0.22 \ \
0.23 Vv \4
0.24 \ \
0.2 \4 \
M1 Etch 25-SN-4K-40 \4 \ \ \4 \ \ \ \4 \ \
M2~5 ADI CD 0.25
0.26
0.27 \4 \ \ 4 \ \4 Vv \4 \ Vv
0.28
0.24
M2~5 Etch 25-SN-5K-40 \4 \ \ \4 \ \ \ \4 \ \
EKC 1400" \4 4 \ 4 4 \ \4 \4 \ \4
Yield 92.3% 85.1% 93.7% 92.2% 92.5% 89.9% 88.09 93.7% 92.7% 88.9%
Bin 1 90.9% 83.1% 92.8% 91.4% 91.8% 88.8% 86.09 92.8% 92.2% 87.3%
Bin 5 2.5% 5.6% 2.5% 2.5% 2.0% 3.6% 3.72 2.6% 2.5% 4.5%
Bin 6 3.5% 3.4% 1.6 1.6% 2.7% 4.0% 4.7 1.2% 2.1% 4.2%
Bin 7 1.2% 4.8% 1.7% 3.0% 2.4% 1.4% 3.29 1.5% 2.1% 1.9%

HGEKI1T.00,03,1,CP1 HGEIT.00,04,1,CP1 HGEIT.00,01,1,CP1

M1.0:21
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3.8 M2~Mb 48k & 4k %] cd 5 B Ti i

A% 3. 7% AP MICDsplit: &35 4 & % WCD?%@’*’?
FNPRLT T E BT M2-M5 > & & 0 M2~-M5 CD spec T!—\O 2Tum » 2% i &
HEP7agw 3 0.24~0.28um> # F scd5 DB G en(CD R kIR it s s
%] A7 58 o

E’E}B.S—l"?ﬂ’ﬁi‘ % M2~M5 CD 5 0.28um P& » 2 F & & » &g
CD 5 0.26umpF > L F T H4 M X HFSF P AEDLLFRE |

—

1

HG HGEK1

L1 HGE1T.00,18,1,

M2~5 0.24 M2~5 0.26 M2 50.28
18 11 12 1 15 16

0.23 \4 \4 \4 \4 \ \ \ \ \
M1 Etch 25-SN-4K-40 \ \4 \4 V \ \ \ \ \

0.24 \
M2~5 ADI CD 0.25 \4 \4

0.26 \ \

0.27 \4 \

0.28 \ \
M2~5 Etch 25-SN-5K-40 \4 \4 \4 \4 \4 \ \ \ \ \
EKC 1400" \ \ \ \ \ \ \ \ \ \

Yield 73.2% 72.7% 82.1% 79.8% 91.1% 88.4% 88.0% 93.7% 93.2% 92.5%
Bin1 71.1% 70.1% 79.9% 78.1% 89.7% 85.8% 86.0%| 92.8% 92.4% 91.8%
Bin5 14.7% 16.8% 6.5%_ 10.4% 3.1% 4.0% 3.7% 2.6% 2.0% 3.0%
Bin 6 8.9% 7.2% 7.3 6.6% 2.2% 4.2% 4.7 1.2% 2.1% 2.6%
Bin 7 2.6% 3.0% 3.5% 2.9% 3.4% 2.9% 3.2% 1.5% 2.5% 1.4%
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1 8 2 9 15 3 10 4 11 6 13 5 12 7 14
Norm al
VIA1-5 Photo |Enhance

scaling to

shift 0.1um v v v v v v v v v v v v v v v

Original (S0A-2| Vv v

SOA-1

(60+110+40+40) v v v

SOA-2

(60+110+25+40) v v

SOA-3

VIAL~5 Eich  |(60+110+10+40) v Y

SOA-4

(60+65+30+40) v v

SOA-5

(60+65+45+40) v v

SOA-6

(60+65+60+40) v v
Yield| 52.9% 50.9% 89.2% 93.0% 92.4% 90.8% 91.3% 92.4% 92.8%  0.0% 89.7% 91.9% 87.7% 85.5% 82.0%
Bin1 47.8% 48.3% 87.7% 91.4% 90.7% 90.2% 89.7% 91.8% | 92.4% 0.0% 89.2% 90.9% 86.5% 82.5% 79.1%
Bin 2 5.1% 2.6% 1.5% 1.6% 1.7% 0.6% 1.6% 0.6% 0.4% 0.0% 0.5% 1.0% 1.2% 3.0% 2.9%
Bin3 1.0%  0.6% 1.4% 14% 02%.° 07% 05%  -0.7% 09% 88.0% 0.7% 1.1%| 0.7% 05% 0.7%
Bin5 30.3% 31.3% 3.6% 2.1% 2.6% 3.6% 3.1% 3.0% 2.5% 0.0% 6.2% 2.9% 6.0% 7.6% 8.1%
Bin6 11.4% 11.7% 3.0% 2.0% 1:.9%  1.6% - 2.6% - 1.9% 21% 00% 1.7% 1.7%| 27% 4.8% 6.2%
Bin7 41% 53% 2.7%  15%  2.9%  3.1% 25% 19% 16% 00% 1.0% 26% 15%| 3.0%

b
TR

B13.9-5 #c% ME2 22 OF & %] R crfg e m & » 7 045 ) B i chfe 0

LUA 1 IUL IV IOVOUUYL D TR 20V LTy

10

0.9

0.8

0.7

BIN_1

0.6

0.899379
==

0.5 0.480745
==

0.921118
==

SOA-27 110"+40" 110"+25" 110"+10"

i

CONDITIO

3.9-6 = Fehbox chart £ 4 »c bin v )

65"+60"

65"+45"  65"+30"

T Max
Min

[ Mea
Mea

o Mea

Mean; Box: Mean-SD, Mean+SD; Whisker: Min, Max

0.35

0.30

0.25

0.20

0.15

-0.05

SOA27 110740 110°+25" 110°+10° 65460  65'+45"  65%+30"
CONDITIO
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A g Ry AN e d Bl 0 IR ME2 5 110 #5p% - 2 Metal vial AEI CD
B~ o ME2 5 65 fypF=x 2 ’nég*}%'imﬁj_\ﬂfAElCDﬁsJ m ¥ OF epF
B3 ¢ R85 AELI CD! & ¥ % ¥ i Metal vial 7 & % > i# via 2~5
WF eRau g | d BT g ME2 5 110 P o R ER Y Rk e
Ul NP B g s BARN > BEF CDeng iR d BlP F ouER ME2 A
110 #5pF, # CD iz = »* ME2 % 65 #)efg 3¢ |

d s koo ME2 110 #4572 OF 40 £/ 2 @ bk ena S g pe g |
Recipe Average |SITE-1 SITE-2 SITE-3 SITE-4 SITE-5
Original recipe SOA27 0.28334 0.2741 0.2822 0.2928 0.2803 0.2873
SOA 1 (60+110+40+40) 0.30348 0.2942 0.2973 0.3185 0.3024 0.305
SOA 2 (60+110+25+40) 0.3063 0.3021 0.3056 0.3168 0.3007 0.3063
SOA 3 (60+110+10+40) 0.30488 0.3026 0.3019 0.3071 0.3076 0.3052
SOA 4 (60+65+45+40) 0.2909 0.2843 0.2975 0.3058 0.2772 0.2897
SOA 5 (60+65+30+40) 0.29384 0.288 0.2905 0.3078 0.2921 0.2908
SOA 6 (60+65+60+40) 0.29478 0.2885 0.2931 0.308 0.29 0.2943
% 3.9-1 & #4% 425" Metal Vial AEI CD &

Recipe VIA2 AEI CDVIA3 AEI CD |VIA4 AEICD |VIAS AEICD
Original recipe SOA27 0.28506 0.29142 0.29584 0.29542
SOA 1 (60+110+40+40) 0.3027 0.30028 0.30462 0.30264
SOA 2 (60+110+25+40) 0.30276 0.30676 0.30836 0.306
SOA 3 (60+110+10+40) 0.30386 0.30894 0.30786 0.31052
SOA 4 (60+65+45+40) 0.29556 0.30156 0.30616 0.30114
SOA 5 (60+65+30+40) 0.29858 0.29728 0.30534 0.30784
SOA 6 (60+65+60+40) 0.29684 0.3004 0.30816 0.30274

% 3.9-2 :#4 % 425" o Metal Viaz~5 AEI CD &
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5.6

5.2

4.8

4.4

4.0

3.6 RCMV1_ 2

RCMV2_ 2
RCMV3_ 2
RCMVIA4_
Extremes
SOA-27  110"+40" 110"+25" 110"+10" 65"+60"  65"+45"  65"+30" e

CONDITIO

3.2

2.8

O o o p> O

Bl 3.9-7T £ipl & fasd %425 e iE - ME2 110 +0E 40 sec i & e i@ & |

0:3159

O

New VIA Etch1:ME2 110" +OE 25" New VIA Etch2: ME2 65" +OE 45”
Average 0.34um Average 0.315um

1 3.9-8 4 OF 5 » AEI CD #84 m &7 en%
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