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ABSTRACT

1. TITLE

The Service project of Semiconductor Foundry

2. THE OBJECTIVES

The development of non-memory semiconductor industry has been
accelerated as the semiconductor technology shifts from memory
semiconductor industry to the nonmemory semiconductor industry.
Currently, various non-memory devices even applicable to the RF devices
have been intensively investigated with the development of low po&er
and high-speed CMOS device and several non-memory devices have been
produced.

Although the non-memory devices have been produced in a small
volume, there are many kinds of products requiring multi-functions and
high performance. Therefore, non-memory device development by ETRI
requires long-term plans and investments to systematically 1mplement
design, process, testability, and analysis environments because of its
large potentials for system capability and value added capability.

So far the system designers developing electrical transmission
and exchange of data, and terminal technology have only concentrated on
the system design technology research and utilized the commercial ICs.
From now on, however, they think that timely development of non-memory

devices with the establishment of better research condition is the most



important factor to enhance the competitive power of the small and
medium-sized enterprises.

Therefore, the productivity that is needed for fabricating the
high valued and newest semiconductor devices can be achieved by
improving and building up the foundation of research in the field of
domestically weakened non—memory semiconductor. In addition, we; d like
to éontribute to enhance the competitive power of technology and
educate the high-grade engineers by offering semiconductor facility and
foundry service to the medium and small-sized enterprises,

universities, and institutes.

3. CONTENTS AND SCOPE

A. Development of ASIC process techﬂology
o‘ Development of 0.5 um CMOS device technology
. 1.0/6.8 un ASIC yield improvement
e Development of photolithography pfocess technology
e Development of i1solation p;ocess technology
e Development of contact formation process technology
. Deveiopment of Via formation process technology
e Jmprovement of compound semiconductor MMIC process
B. Development of semiconductor facility technology
e Operation of silicon and compound semiconductor laborétory
e Maintenance and repair of process equipment

e Operation of semiconductor utilities



e Maintenance and repair of utilities
e Management of environment

e Management of stock materials

4. RESULTS

We have developed a 0.5um CMOS device operating at 3.3V and 5.0V
to extend the foundry service to the fabrication of non-memory device.
We have presented many outcomes such as electrical characteristics of
CMOS  device, process parameters, electrical parameters, SPICE
parameters, design guides including a design rule. Several non-
established processes including a photolithography have been extracted
and developed and improved. The production yield of 0.8um CMOS ASIC
chip has been increased by 12% and stabilized at around 60%. This
developed process has been used for fabricating semicondﬁctor de&ice by
both inside and outside of ETRI. In 2002, ETRI laboratory has supported
961 runs and 28,892 process steps for 22 teams including mfcrowave
device team in ETRI and has also serviced 97 items of fabrication of
devices and process to 23 companies or institutes including RF SEMI
corporation outside of ETRI. In addition, we have analyzed and
scheduled the status of run operation in semiconductor laboratory
including the operational rate of equipment, utility, and sewage/waste
water. Ultimately this management has made the ETRI"é semiconductor

facility operate effectively and safely.

5. RECOMMENDAT IONS

_'1"_



The vyield around 60 % through the process improvement of

1.0/0.8m CMOS ASIC technology has been maintained and the foundry

service system for the fabrication of ASIC has been established. 0.5um

CMOS device and process technology which are developed will be applied

to the fabrication of several semiconductor devices.

Fabrication technology of 0.8/1.0 um CMOS ASIC

Fabrication technology of 0.5 um CMOS device

Support for non-memory semiconductor devices, as interior or
exterior of ETRI

Development of semiconductor facility technology

6. EXPECTATIONS

Improvement of national competitiveness by the establishment
of research foundation and technical support on non-memory
semiconductor industry

Contribution 1in semiconductor technology improvement and
bringing up the  high-class manpower by wutilizing
semiconductor foundry facility at the research agency and
academic world

Product development, prime cost reduction, protection of
technology and import transfer, etc., by the development and

the fabrication of non-memory semiconductor products

_.12_
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2A8) A71e TAEFA Hol ojAlE 0.13unm ©)ste] AAFHe] FHLE

(i
12
2
i
ft
rlr
(]
i
tlo
4N
)
tt
=
—
=

AE AAoltt, B3| wdeFof HEEAEop] goiME AAY, YA
A= HAZE &olskd ULSIZy rbedha Az @77t AEe oS 71&s
FE AL AT

B d7Xe vwRa whwR 224 Ze] @-go] sbEE (M0S 2o
ENS AFsigion FAHAG0] 3.3V 9 5.0V ¢l 0.5 um ASIC A 2R o)
Hedtes #E ¥4 2 axES AL fdEsgig. Ei ATFARE

2% Qs 28 @)

A
o

] B4 1} process parameter, SPICE parameter,
electrical parameter & FEotd, design ruledt A AAANIAE
Aoz AARZE I AEE 0
AES 2AE & e 7IvE o@3sc. ofdd AF uF¥IsEA 4
Fd=d d7HA £ 7R EA 288 5 ds BR ofYF oR
foundry A ¥ 9 ol 7iodE 5 Z Aol

i

|-"|.

, B AFdANE =7 AAE SRAdOgA = FELAEL
AFAEE gt A, d77IE 2 #E F47IY Tl foundry
serviceE: AFstn gk, 53] 0.8 un L 1.0 pm A E wlo]lA oo
ARS At 1.0/0.8 pm ASICE A¥lA 7]€ 3} 0.5 um GaAs MESFET

AZ7|ae BFHE3T foundry serviced AFstm rd. B dAFoAE 7]
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e SEAZIEA 0508 pm CMOS FANES 2LeE AREHE ASIC

& Bge BRa7] P8l £& A 2AEL BAn BAESS

b
>
©,
¥

‘I.
o] 5o}
sae AL 5+ YUY £ FUE B VEAVEZ EFHH Gaas

MEN'
ol

aclk. 183 22 ZA49 FASY A 4F FAMA = Ago]
2

2002 % 0.8 pum ASICAANS] 7% 2001 W& <oF 129 F=]
MESFET 4A2] ¢tASE 93] 5 GHTAL MAsHT o8 &3¢ 2

Az = 88 F A& B ol 9 253 29L9Ax N9stn

ATt
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A2, 0.5m CMOS &4 71& 7

74 DRI 2 AR A7FHA FPel JurleEA 24E 5
& #E oluzd YR foundry XA FUHE ZE37] A8 0.5um CMOS
2271 AT, FFAY] 3.3V 9 5.0V < F Aol tidt 0.5
um CMOSe] ko] o]Fojx low, 3.3 Vo] A% gate oxide(Gox) F717}F
70A, 5.0V FHANe] H4 110Acth. £ AEH 712 7 deviceo] W
3l process parameter, SPICE parameter, electrical parameter® FZ35}L,
design rule™ A HAXNAAME AAFe=ZH AAxrE 894 712d 0.5m

CMOS &4 % £AF o] &ste] AFE AT F AL 7NE Sk

1. 0.5um CMOS 4-=Fe] A=}

0.5um CMOS 42Fe] 5.0V 2 3.3VE electrical target< <X 2-1>0] e}
WAth. Electrical target2 @A Al A5 1 9= 0.5mm CMOS ASIC
AFEH FAFHA Aste] AZFAH 58 T AEA JE foundry A Lol 7t
To=% sttt Design rule®] 7% 5.0V &3 3.3V8 CMOS ASICel i3}
of B4, <& 2-2>9 0.5m CMOS ASICS AA 2 AF387] Ag design
ruled FL% FEL LAY UEUAdc. ARRAAEARCl ATER
critical layer®% Active, Poly, Contact, Metal, Via layer 52 &
Avk.  <F 2-2»o vEld @t Ao FBLE design rule #tex. layert
overlap margin T)E°l o™, olF& AAAINA L3t HAAT Al
F designtl Fx7t € F A=F &gk, 0.5m CMOS ASICE A|Zst
7] A%k process flowd <E 2-3>o] VeEblith. 5.0V &7 3.3VE CMOS &
A Az FALAE device 54E TEANINT] Y o] &FYFTAH, gate
oxidation &7, A" FHFFAA tha Aol7t glow, o7t = FE
o hald SPLE EA Y TFEIISIT.
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<% 2-1> 0.5m CMOS &x9) A7|d &4 HXF
Parameter Unit 0.5im (V) 0.5im (3:3V) Remark
Target Target
2 AL (m 0.10£0.05 | 0.10+0.1
C2AW | m | 035010 @ 030£010 | N
NMOS | Vt(50/50) % 0.75%0.10 0.61£0.10 | @ 20/20
Idsat A/ ym 550 = 50 420+50 | @L=0.5m
BVDSS v | >8 >8 | @20/045 |
2 AL (m 0.10 % 0.05 0.10 £ 0.1
2 AW (m 0.40+0.10 = 0.40=0.10
PMOS | Vt(50/50) \% 085010 | -0.86%010 | @2020
Tdsat @Mgm | 285430 19030 | @L=0.5m
BVDSS v | >8 1 >8 | @20045
Vin v >10 >10 @ 20/0.7
. BVdssn v >10 >10 @ 20/0.7
Fleld Tl- P —
Vip % >10 >10 @ 20/0.7
BVdssp v >10 | >10 | @2007
N-Well | Ohmvsg 850+150 | 500+150
N+SD | Ohm/sq. 55415 55+ 15 B
| P+SD | Ohmhq. | 16030  160%30 |
. Polyl | Ohmfsq |  6=+2 O o6x2 |
Poly2 | Ohm/sq. 85+ 10 85 + 10
Metal I | Ohm/sq. | 0.065+0.01 | 0.0650.01
 Metal2 | Ohm/sq. | 0.05+0.01 ! 005001 |
 Metal3 | Ohmysq. | 0.05+0.01  005+£001 |
Poly Contact| Ohm/ea. 4+2 [ 4+2
N+S/D | Ohm/ea 55+10 55£10 |
Re P+SD | Ohmea. | 14040 | 140240 | |
Vial | Ohm/ea. | 03+02 |  03£02 |
Via 2 Ohmy/ea. 0302 0.3+0.2
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<E 2-2> 0.5m CMOS A=} tE A< Design Rule

@ 1 om
Layer Min. Width Min. Space Min. Pitch © o HlA
Newell 2.5 1.25 3.75 Diffusion
5.0 4.0 9.0 Resistor
Active 0.7 0.7 1.4
Poly 0.5 0.6 1.1
N+ 0.75 0.75
P+ 0.75 0.75
Contact 0.5 0.5 1.0
Metal 1 0.6 0.6 1.2
Vial 0.6 0.6 1.2
Metal 2 0.7 0.7 14
Via 2 0.6 0.6 1.2
Metal 3 0.8 0.7 1.5
PAD 71.2 38.9 160

A% BAE WA A3 cheat Pk
dol¥ = (100) ZRAWE 23 5.0 ~ 9.0 ohm- cm?] resistivity® 2t

p-BE ARSI, 7] AR RS 900ColA 300 AAAAZTE, ZE FAI

rr

¥y
o

aligng $1¥ key layerE photo/etchd 3, mlAAE o] &3l nwell 949G
S Aosta 150 keV, 1.4E13 atoms/cm” E-$-=F (3.3V9] A9 2.2813
atoms/cn’) A(P)E nwell FGol o] FLFTE. mwell o] Flo] Fubd
Z3eg AAZD, #e WHoE pyell 9L A3t 75 keV, 1.1E13
atoms/cm’ ©-$ZE(3.3V9] A% 1.2E13 atoms/cn®) R E(B)E pwell 9o
o2 FUT F g AADT. 1150ToAM 24]7H(3.3Ve] AH-$ 6A17h)
At Z wellE FAAAD 3, 850TA buffer oxide® 1504 43X
7131, active nitrideZ LPCVD WO g 1600A 23Tt e =3 &
A g ofgot] B YG(active)§ BYFa, daT AZF pyell vix

AE o] 83t n-—chammel FH9 isolationg 7337 5t 80keV o=
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U8 st} Lt

Q1 LOC0S W o2 field Ab& 92 AFA|7)aL, sacrificial oxidation 7]

Fle

Z BF,2 2.0E13 atoms/cm’® ©E¢ZEF o]2F g}, LA}

HE #7189 bird's beake ZAAZTH,

999 A7t E2ud Ag ol FYE &4F AFEES 80T A
300AL AANA I, vpA3E o] 839 N-Ch. Vt adjust ©|=F%, punch-
through A9} isolation &4 FF& A% N-Ch. Deep o] 2F9, P-Ch. Vt
adjust ©]-=F¢ % P-Ch. Punch ©]-&F Y& <F2-3>o] ebd A o] F
devicedl @A 2z APy, BEAL o)RFY F 45 AFHE AA
3, pyrogenic WHe®E 850C oA 110A2] AlClE 4F3=(3.3VvY A5 70
A)e AFANAT, AOE A 4 F 150049 tpZ2A Hede =X
o] 850C oAl 308 EQ POCL:E =9-FA71a, gated] wld AFE #FaA
7171 938t WSixE 1500A 33k ¥ capping oxideZ® 600A F3+dt, Al
olE Ao F WSix ¥ thAA dEFEE 12 e AolE HAFE FAA
itk 3.3VE9 S gk AoE istgo R <ty Ao]E AZ4A trEA
A Ed AN w2 A7 AY6lE QSRR 5.0v89 AE A%
FAZDHE vhE2

Aol E #Ado] vt 900°T(3.3Ve] 7% 800C)el A 74 4bzsbekg 30A
AANA Aol ZFHe Aol Asge BUA7|m, F& o]2F YA EA
g g dolHe ogde WX, oS Zzhe] #FE vkr3E ol f

st <F 2-3>0) Vehd =702 7} deviceol EA nlDD, pLDD ©]& F1&
&P er @t LD o]2FYPol U TEOS Abstehg 22004 FAZ
=¥stm o|uA AL s, AlCE FH| spacer AL AR
T}, Spacer FA FA F F& o] 2FY FTAA LAY damageE ¢33

@ AEete AN o 4RAT A Aol SEHE 22
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<X 2-3> 0.5mm CMOS A#}¢] Process Flow

NO. STEP TARGET REMARK

1 |Cleaning, H2504 P-type,5-9Q cm

2 |Initial Oxidation. H2/02. 900°C Target=300+30 A

3 |Key Photo Mask

4 [Key Etch Si 1500 A

5 |PR Strip

6 |Clean, STD1 Rox=265+30 A

7 [Nwell Photo Mask(Align to Key)

8 [Nwell Ion Implantation P31, 150keV,1.4E13 for 5.0V
P31, 150keV,2.2E13 for 3.3V

9 |PR Strip

10 [Clean, STD 1 Rox=230+30 A

11 |Pwell Photo Mask(Align to Key)

12 [Pwell Ion Implantation B11, 75keV,1.1EL3 for 5.0V
B11, 75keV,1.2E13 for 3.3V

13 PR Strip

14 |Clean, STD 1 Rox=200+30 A

15 |Well Drive-in.1150C, 120min Target=170+30 A for 5.0V
Target=230+30 A for 3.3V

16 |Clean HF (6:1), (sheet off) Time=90 sec

17 Clean, STD1

18 [Buffer Oxidation.H2/02.850C Target=150+20 A

19 |LPCVD Nitride Target=1600+80 A

20 |Active Photo Mask(Align to Key) Target=0.55+0.05.m

21 |Active Dry Etch Nitride Target=1600 A +10%, Rox=50+20 A

22 |PR Strip Target=0.55+0.05/m

23 |Clean, STD 1 100:1 HF 100sec

24 (Buffer Oxidation.H2/02.850C Target=1350+20 A

25 |N-CH Field Implant Photo Mask(Align to Active)

26 |N-CH Field Ion Implantation BF2, 80keV, 2.0E13

27 |PR Strip

28 |Clean, STD 1

29 |Field Oxidation. H2/02.950C Target=5200+500 A

30 |Cleaning. BHF Time=15 sec

31 |Acid Strip.Nitride Target=1600 A +50%

32 |Clean, STD 1 100:1HF 100”

33 |1* SAC Oxidation.H2/02. 850C Target=300+40 A

34 |Clean BHF (6:1), 30sec Rox=4400+400 A (on Field)

35 |Clean, STD 1

36 [2™ SAC Oxidation.H2/02. 850C Rox=300+40 A (on Active)

37 [N-CH VT Implant Photo Mask(Align to Active)
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BF2, 80keV,1.9E12

for 5.0V

A

8 [N-CH VT lon Implantation
? on tmpraniEe BF2, 80keV,3.8E12 for 3.3V
B11, 80keV,5.5E12 for 5.0V
39 IDEEP Ion Implantati > >
on implantation B11, 80keV,2.5B12 for 3.3V
40 [PR Strip
41 |Clean, STD 1
42 [P-CH VT Implant Photo Mask(Align to Active)
BF2, 80keV,3.0E12 for 5.0V
43 |P-CH VT lon Implantati : ’ -
i on Tmpiantation BF2, 80keV,3.5E12 for 3.3V
P31,180keV,1.0E12 for 5.0V
44 [PUNCH Ton Implantati . 2
T Hmpantation |31, 180keV,3 3E12 for 3.3V
45 |PR Strip
46 |6:1 BHF Time = 30sec, Rox<20 A (on Active)
47 |Clean, STD1
48 |Gate Oxidation.H2/02. 800C Target=110=54 for 5.0V
Target=70+5A for 3.3V
49 |Gate LPCVD.poly Target=1500=150 A
50 [Poly POCL3 Doping N2/02 850°C, 30min
51 |Deglaze.PSG (6:1 BHF) Time=30sec, Re=150+50 Ohny/sq.
. Target=1500£150 A, Rs=53+5
2 dep. ’
52 |Wsidep Ohm/sq. .
53 |Cap-Oxide dep.(PE-Oxide) Target=600+100 A
54 [Poly Photo Mask(Align to Active) Target=0.5x0.05/m
- |Dry Etch. Polycide Rox=70+20 A (on Active), for 5.0V
55 |Dry Etch. Cap Oxide Target=600 A + 30% for 3.3V
Dry Etch. Polycide Rox=35+20 A (on Act) for 3.3V
56 |PR Stip
57 {Clean, STD 1 Target=0.5+0.05/m
58 |Clean (NH40H:H202:H20=1:1:5) A2, 10min
50 IN2 Anneal 900°C, 30m%n for 5.0V
800°C, 30min for 3.3V
60 |N-LDD IMP Photo Mask(Align to Active)
61 |N-LDD Ion Implantation1 P31, 40keV,3.5E13, 0% tllt for 5.0V
P31, 40keV, 2.5E13, 0T tilt for 3.3V
62 |PR Strip
63 [P-LDD IMP Photo Mask(Align to Active)
. Et ' .
64 [P-LDD Jon Implantation BF2, 45keV,1.0E13, 0 tlljc for 5.0V
BF2, 45keV, 2.0E13, 0% tilt for 3.3V
65 |PR Strip
66 |Clean, STD 1 100:1HF 20sec
67 |Spacer Oxide Depo.TEOS Target=2200=200 A
= +159 =0.91%0.
68 |Spacer Oxide Dry Etch Target=2200£15%, Target=0.91+0.1
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69 |[Clean, H2S04

70  [Pre S/D Oxidation.02 000G, 10020 A for 5.0V
8507C, 7020 A for 3.3V

71 [N+S/D IMP Photo Mask(Align to Active)

72 [NSD Ion Implantation As75, 60keV,6.0E15 for 5.0V
As75, 78keV, 6.0E15 for 3.3V

73 |PR Strip

74 [Clean, STD 1

75 N+ S/D Anneal 900 .,C s 30@ for 5.0V
900 C, 20min for 3.3V

76 |[P+S/D IMP Photo Mask(Align to Active)

77 PSD Ton Implantation BF2, 50keV, 3.0E15 I

78 |PR Strip

79 |Clean, STD 1 HF 20sec

80 [LPCVD.TEOS Target=1000+100 A

- 81 |03_BPSG Deposition Target=4000+400 A
82 |BPSG Densification.850C, N2 Target=20=10 A
83 |Oxymitride Depo. Target=1000 A

-84 |Contact Photo Mask(Align to Active) [Target=0.5+£0.05/m
85 {Plasma Strip .DESCUM Time = 20sec, Target=0.55+0.05/m
86 |[Wet Etch .BPSG (6:1 BHF) Target=2000x200 A
87 |Bake.Hard(120°C) Time = 30 min
88 [Dry Etch. Oxide Target=4100+40%
89 [PR Strip Target=0.6£0.05/m
90 |50:1HF 100sec
91 [Ti400C Target=500 A
92 |TiN 400 / Alloy 650C 10min Target=700 A
93 |Metal-1 Dep.(Ti/Al1%Si/TiN) Target=500/5500/300 A
94 |[Metal 1 Photo Mask(Align to Contact){Target=0.6+0.05/m
95 |Dry Etch.Metal-1/Plasma Strip. PR 6BOX, TiN 50sec
96 |PR Strip Target=0.65+0.05/m
97 |[1st IMO1 Depo. (PE-OXIDE) Target=3000+300 A
98 |SOG1 Coating/2 Cycle Target=4000+200 A
99 |SOGI Cure.N2.400 °C(40min) Target=3700+200 A
100 [SOG1 Etch Back Target =3000 A, Time=55sec
101 {2nd IMO1 Depo. (PE-OXIDE) Target=6000+600 A
102 |Via 1 Photo Mask(Align to Contact) |Target=0.6+0.05/m
103 [DESCUM Time =20sec, Target=0.65+0.05/m
104 [Wet Etch Oxide 6:1 BHF Target=4000+400 A
105 [Bake.Hard(120°C)
106 [Dry Etch .Oxide + Over 30% Target=7500 A
107 [PR Strip Target=0.7+0.07m
108 [NMD-3 (polymer removal)
109 [Dehydrate. N2/H2. 400C
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110 [Metal-2 Dep.(Ti/Al1%SV/TiN) Target=500/6000/300 A
111 [Metal 2 Photo Mask(Align to Metal 1) [Target=0.8:0.08 um

112 [Dry Etch.Metal-2/Plasma Strip. PR 6BOX, TiN 50sec

113 [PR Strip Target=0.85+£0.08m
114 [2nd IMO1 Depo. (PE-OXIDE) Target=3000+300 A
115 |SOG2 Coating/2 Cycle Target=4000+200 A
116 {SOG2 Cure.N2. 400 °C, 40min Target=3700+200 A
117 |SOG2 Etch Back Target =3000 A , Time=55sec
118 2™ IMO2 Depo. (PE-OXIDE) Target=6000+600 A
119 |Via 2 Photo Mask(Align to Metal 1) |Target=0.6+0.05/m

120 [DESCUM Time =20sec, Target=0.65+0.05um
121 |[Wet Etch Oxide 6:1 BHF Target=4000+400 A
122 |Bake.Hard(120°C) Time=10min

123 {Dry Etch .Oxide + Over 30% Target=7500 A

124 |PR Strip Target=0.7+0.07 m

125 [NMD-3 (polymer removal)

126 |Dehydrate. N2/H2. 400C

127 [Metal-3 Dep.(Ti/A11%Si/TiN) Target=500/8000/300 A
128 |Metal 3 Photo Mask(Align to Via 2) [Target=0.8+0.08:m

129 Dry Etch. Metal-3 / Plasma Strip.PR  |6Box, TiN 40sec

130 [PR Strip Target=0.8520.1mm
131 |Passivationl Depo. (PE-Oxide) Target=3000+300 A
132 [Passivation? Depo. (PE-Nitride) Target=5000+500 A
133 |PAD Photo Mask(Align to Metal 3)

134 \Dry Etch Nitride Target=5000 A +20%
135 |Dry Etch Oxide Target=3000 A + 20%
136 |TiN Etch Target=300 A + 50%
137 [PR Strip

138 |Alloy N2/H2 400°C Time=30min
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nfAFE olgste] <E 2-3»0 Vel FHOZ 7} deviced] WA nt, pt &
/2 o] FUL P, nt AA/=H 9 o] 2FJe] AL dopant
o] ik Y5k 900C A4 EH71A EA e gt

T A FA4L st TEOS 4FsEE 1000 F&sE 4000 o 0s-
BPSG Abstetg FEE T 850ToA 308 T A reflow B A4
713, A48 oxynitride® 1000A ZF&3th. Contact 2Z+e]l A% step
coverage® A3l7] Y3t wet etch3t dry etchE ®HPslgion, H&E7
o] AL @33 Al spiking T ZAE {17l #18t9 Ti 500A, TiN 700

A L Hdz =28 3T 650C oA 1087% XIS silicideE A3

i

o}, AEstd Ti 500A 3 199 silicon®] $H-¥ Al 5_500A, TiN 300AE 3
Z&tal, vta3E o] £k 1% metal layer(Metal 1)& define &},

Metal ¥lXZE HA-& st WA PECVD oxideE 3000A F&sli, A&
3t SOGE 4000A coating ¥FCF. 4007TC, Ny EH7I0lA 4087+ SOGE curing

g -, 3000A TF etch backsted FEBAZIH, T S oA PECVD oxide

i

6000A F&gch.  Metal #jAzZF AZL st via holeS FAdsHHA,
via hole ¥Z+& contact 22t} F-AFSHA] wet etch®}t dry etchE ® 32},
2 metal layerE® HA37] Ysted Ti / 1%Si-Al / TiN& ZHz} 500A /6000 A
/300A 52§ & photo/etchdte] Metal2 & HA@TH. o Via2, Metal3
FAL Vial, Metal2z &4 3 L3},

Metal3d FAo] B ¥ A|&A chip? passivation® ¥ 8t PECVD oxide
¢ nitrides 27 3000A, S5000A %3stil wire’t bondingd PAD Rt
e)g F PECVD oxide9t nitrided 21Zgtd. ol wire bonding® 3=
ZA187] A5t Metal3 9 top TiNE 4ZFgtt}, Pad FA o] EuA forming

gas 9712 400C oA 30 & <t alloy st 4z AFg dg53Fcl.
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2. 5.0V & 0.5m CMOS 4A=+9] #7173 EA 2 SPICE Parameter

<E 2-4>9 <E 2-5>ol A= 0.5mm CMOS ZA}to] t&t device®l electrical
characteristics % parasitic capacitance S UERIYAT. AAH
electrical‘characteristics 2 parasitic capacitance & AARIT A
st7lel @A ApAde] AT 10 B4 BHEAZD £ JER AEH oo

@ Y)Y, w3 YANIE 1DFE 4P gl

il

HAA] electrical characteristics® AHE@ <E 2-4> (a)o] Yetd
sheet A2l A9 <& 2-D>oA AN Exgat FAF k2 Ve,
H}

L

rH

kelvin patterno|A] &A% nt 2L pt contactAIL EFTgrTl to

f= Vel o gNkEQ Ex 39 79 string patternolA contact A
L 543 contact Aol WAL A nt D p+ actived WA o)

F7HE Q7] qEew FAHAt. B deviced] A$LE string patterndiA]
contact AL HHF A P ¥2E e UHIAT. Via Ao
4% 1.52.0 om/ea. & Wele] HERFE} E e vy, ol FA
Y R AEALE FIA7I7] A8 metal layere] hottom Tiel F7
300A 94 500A L2 ZIIAH7) o]t}

o

il

nMOS  transistor®] 7§ 0.75V9] threshold voltage 9+ 550uA/m<]
saturation current@S WER O™, 10V o]4+9] breakdown voltage ZF2
YERA I, pMOS transistor®] % -0.85V€] threshold voltage @ -2401A
/mm®] saturation currentg2 VERJR L™, @Al 10V o]4+e] breakdown
oltage #< YEMNATE. @4 field transistor®) A9 nMOS, pMOS =2
10V o] 453 breakdown voltage$} threshold voltage g YERASY
vl @9 <E 2-5>9] EM parasitic capacitance = layer$} layer3F o+
Atk 92 ¥ capacitance2A 109 £5E2 =g/ s LiolmE 3

83 golH A= wl=A s Fojol Fhr}.
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<E 24> 5.0V -& 0.5mm CMOS Device?] Electrical Characteristics

(2). Sheet Resistance - 29 - Ohmysq.
Parameter Min. Typ. Max..
NWL 700 300 900
N+ S/D 50 65 80
P+S/D 150 180 210
Poly 3 5 7
Metal 1 0.06 0.08 0.10
Metal 2 0.06 0.08 0.10
Metal 3 0.03 0.05 0.06
(b). Contact Resistance @9 : Ohm/ea.
Parameter Min. Typ. Max.
N+ S/D Contact 20 30 50
P+ S/D Contact 70 90 110
Poly Contact 3 5 8
Via 1 1.0 2.0 3.0
Via 2 0.5 1.5 25
(c). 5.0V & 0.5um CMOS Transistor 4
Parameter 0.5pm Technology (5.0V)
NMOS 20 L [ym ] 0.10+ 0.05
20 W [ ] 035+ 0.10
Vt[V] 0.75% 0.1 (@W/L~20/20.m)
0.75% 0.1 (@W/L=20/0.5m)
Idsat [1A/rm ] 550+ 50 (@W/L=20/0.5.m)
BVDSS [V] > 10
PMOS 2A L [ym ] 0.10+ 0.05
284 W {m ] 0.40% 0.10
Vt[V] 0.85% 0.1 (@W/L=20/20m)
-0.80% 0.1 (@W/L=20/0.5¢m)
Idsat [4A/um ] 240+ 30 (@W/L=20/0.5um)
BVDSS [V] < 10
Field TR Vin [V] 2 10
BVdss [V] > 10
Vip [V] < .10
d
BVdss [V] < .10
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<¥ 2-5> 5.0V & 0.5um CMOS FA 2] Parasitic Capacitance

Layer Area Capagitance Fringe Capacitance

(fF/um~] [fF/m]
N+ Diffusion to P-Well 0.6882 0.3212
P+ Diffusion to N-Well 0.7933 0.2277
Poly Gate (N-Channel) 2.9739 0.3134
Poly Gate (P-Channel) 2.9624 0.2138
Poly to Field 0.0902 0.0519
Metal 1 to Field 0.0435 0.0551
Metal 1 to Poly or Active 0.0703 0.0657
Metal 2 to Field 0.0241 0.0406
Metal 2 to Poly or Active 0.0299 0.0437
Metal 2 to Metal 1 0.0446 0.0487
Metal 3 to Field 0.0165 0.0332
Metal 3 to Poly or Active 0.0188 0.0353
Metal 3 to Metal 1 0.0222 0.0361
Metal 3 to Metal 2 0.0422 0.0479

ol’gol A eld device S4& ol&dtd HARY AAGI] HaAs
SPICE parameter set2 2 uvleldjof Fhr}. <T 2-1>oA] <23 2-10>2
SPICE parameter F& #73 2 ZAE Jeld Zo|¥, parameter gk ¥7F o}
Uzl 8] 7HA] device A4S & T JLER £AHoR A g,

Spice parameter® FF= A XL, XW, NCH, XJ %S9 process
parameter, CGSO, CGDO, CJ, CJSW, TOX &< capacitance parameter, JS,
JSWE 9 diode 547 AHAH parameter®} MOS transistor®] DC EA3 ##H
A B parameterSo] lom 0|59 FZo g e AP e 2
e olefiof .

7F. XL, XW & <329 2-1>, <23 2-2>
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XL 2 XW+= gate length 2 active width® mask CD9F AlA] CDe) o=
WERA = process parametero] ™, F &S XL B XWE F&317) YA = o

2 7FA 9] line width® ZY= test patterndlA line A3L &A%

4,

width vs. 1/R9] graphollA] 1/Re] 0¢] H & line width® XL =& X2 Z2A
&= o] Inkdoltt, v} B deviced A$ AA @RAY (DEERE XL
I} KWE FE819G o0, <3 2-1>, <2F 2-2>0 4] pask (DL A A CDe A}
o] & gate 9 active?] @@ profile2 g 4 g}, =54 e XL =
-5E-8 m, XW = -1E-7 m¥] & Wepfigich.

. TXFE <18 2-3>

SPICE parameter®] gate oxide F7I(Tox)¥ E-¥ inversion mode®] gate
oxide capacitance ZHE A4tdte Zo] dwtHolxql, E deviced]
accumulation modelA CoxE ZAs ToxE AT, <2 2-3>00 A4
high frequencyld A8 C-V plotg &g ¢ glom o7]x Aakd
Tox: n-channel®] 7-91.14E-8 m, p-channel®] A% 1.156-8 m ZtS el
I et

t}. Gate Overlap Capacitance(CGSO, CGDO) && <1¥ 2-4>

Gate®} S/DZFe] overlap capacitancew deviced] AC EAL #FH$3E &
Q% @40, olE A3 YHME gate edge length7b 71 test
patterno] #&3}th.  UIMOST ] CGSO routineg ©|&st FAHF A#}E <
¥ 2-4>o YeERfIRT. o]uf Fo& HL substrateZ local ground® F
o] substrate®] floating capacitance’} FAgtel EFHA L= Flojok
. CGSO R CGDOFkE Vgate=OVellA FZ& & gho]w, (GSOS} CGDO 2 ¢
sl AZpekict.

. NCH 2 XJ =&
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Substrate doping &X=(NCH)¢} $/D2] junction depth(XJ)E &3 T8
7] $)3llAE= SIMS(Secondary Ion Mass Spectrometry) &9 248 #of g
. zEv B BaMeAE process simulatorl SSUPREM3E o]-8-3}ed NCH
R XJIE FE83ler, NMOSet PMOSS] NCHZk} XIgkel Wigh simulation 237}
2 <23 2-5>o] Yehlglct. 39 substrate doping %+ MOS transistor
9] long channel threshold voltage2X-Elx F& <4 9ltd. MOS capacitor]
threshold voltage(Vt)E @WH oz opg= Zo] el
Vt = Vi = Qu/Co + 20, = @ 5 ~Qi/Cox Qu/Cox + 20

Q = 2[e (qNa0 ] Y2 = 2le <aNdo b]1/2

®, =0 surf(inv)/2 = [E;(bulk) - E¢]/q = kT/q * In(Na/n;) — for n-ch
= kT/q * 1n(n;/Nd) —- for p-ch
® . = -E/2q - @, (for nt poly gate)

# Aol NMOS 2 PMOS ¢ Vi ZAE-S tiYEE Na 2 NS 7Z F 9
o™, NNOSS] 7% Na=2.4E17 cm®, PMOS®] 2% Nd=1.5E15 cm®e] < el
At

7k, S/D Junction Capacitance Parameter & <22 2-6>, <28 2-7>

Source/Drain®) junction capacitance™ CGSO, CGDOS} &7 deviced] AC
sS4 T3 d%E nAdrt. ol &4 YsME area pattern, field
edge extension pattern, gate edge extension patterno] T Q3s}t}. 2z}zle)
patternlA] area junction capacitance(CJ), field edge junction
capacitance(CJSW), gate edge junction capacitance (CGSWG or Clgate)&
F&dtofof ghet. UIMOSTS] CJ/CISW routined o]&35ted z}zbe] patterndl
5t junction capacitance parameter® &3 AFAE <329 2-6>7 <2
B 2-7>o) JER)SIT.

HF.  S/D Junction Diode DC Parameter & <1¥ 2-8
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(b) Lmask = 0.95¢m, Measured CD ~ 0.90um (XL = -0.05 m)

<33 2-1>, XL FEFL2 93 Gate Profile?] SEM ¥4 A}

(a) Wmask = 0.6pm {(b). Wmask = 1.4um
<3¥ 2-2>. XW FZ& Y3 Active Profile?] SEM ¥4 A}
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Cox [Ffem?]
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357 : T T T 357 e i
| —e—FO055#16_NMOS —+—FO055#16.PMOS
3.0E7 fraa . 30E7 + : -
4 ! # B
287 |+ - 287 | i |
—
DOET | b Pa ¥ 20E-7 | :
Q
K
1867 X157 b R
[ &)
|
1067 + LRI 10E7 - )
5068 _ 5068
Lo
00640 — 0.0E+0 :
5 4 8 220 1 2 3 4 5 5 <4 3 2 4 0 1 2 3 4 5
Vaate [V] Vaate [V]
(a). n-Chanmel (Tox=114 A) (b). p-Channel (Tox=115A)
<% 2-3>, Gate Oxide Capacitance =74 A}
0.50 T T T T T
W= 0.80F5 E ’ e
= 4.0 ! Lo :
0.40 1 : SO N O ]
030 [ I A R N A I i
: : R |
020 [ 1 | . ; |
0.0 . : : 00 FOTTOROOS SO S ]
D] ds amen
1 ! L om0 =337 : ; ! wso =2 510
0.00 L et N RUY S AT S B
-6.00 ~4.00 -2.00 -0.00 2.00 4.00 6.0 -6.00 =400 =2.00 =0 00 2.00 4.00 6.0
v(Vv) v (v)
(a). NMOS (b). PMOS

<% 2-4>, Gate to S/D Overlap Capacitance =3 23}
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Data from 5V_nmos ch _0.51r

Data from 5V_nmaos_|n_0.str
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(¢) pMOS Channel % S (NCH=1.5E15 e¢m™)

<713 2-5>,
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Distance along line

(d) pMOS S/D % 9 (XJ=2.2E-7m)
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[~ RUN 5§ " SILDVACT LOC— SILVATT
Procezs CHOS Waf |
| Temp 27 Die 1
120 G0 ey . -
e 5 & I £ e CJ=06.83E-4
L» 400.0 ] = 0. _———
' 5 LD s PB =0.847
FUL Y L S . —=-0-B00-4 =
‘\ : Ggggg _g?ﬂ%&_jg MJ =0.393
~ : . E.13E- .
" ; Sns cizor « 245 FC =0.999
- Max error = 0 842
= R A SR Nl LRy
° ; N
:
.
60 nuL_' ........... i\\.\‘\‘, ...........
: : T~
40.00 : ‘: i
~2.00 0 0o 2.00 4.00 6 oo
20 54 54 A,
APR/30/1 v 16.3 0 CTIH
w- 0.5 | f CISE | = 3.29T1Mea
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120 00 .. __ N g0 xDom o
CJISW =3.29E-10 " A P Sl g 1
- B | H CISWR S OVa -
: -0
PBSW =0.744 5 10000 5 \ LS
2 PP S W S s b R it
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FC =0.999 PR SN U
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Flv) SILVACO Imtecnabitnal

(a): NMOS S/D Junction 2 Junction Field Edge Capacitance 3=& 2 1}

T RURBY CSILVADDT o — T 0 " Lot SILVALT 7
Proceas CHOS Waf- 1
Tanp 7 fie. 1
120. 00 CT
[ ! cg = 6 93E~iMea Cl= 6.83E-4
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100.00] i\l I PR 43
- ; ] E38 iy 1711z -1o MJ=0.393
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~  80.00 ; e . -3
a8
60,000 i iad e e L
: PTm—
40.00 i : :
-2 on o 00 2 on 400 & oo
20:59.17
APR/30/1 v 16 3.0 rev) CTEH
i e L — _ ! -
W= 0 4opE H [shi a 2 85E-1Men,
. \ : PRSV 1 - 0E93 ) -
FEUN] SO e e [ LGN -
-~ : Faeln o V380
CISWG(CJgate) = 2.85E-10 8100 oof : : £35Ve 5. Qv § 16E-11
P 00 00L__._.... . qQEr TN -—--- === ¥ma-crror = §-HH-4
PBSWG = 0.593 5 ' L Hax error = 0 925
MISWG = 0.366 °
FC =0.999

(b). NMOS S/D Junction 2 Junction Gate Edge Capacitance

<" 2-6>,
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ROE MY T SILVACU LOTHEIGVACT

Process-CHOS waf: 1
‘Temp 27 Dis 1
140 00 . oy i
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(a). PMOS $/D Junction @ Junction Field Edge Capacitance
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(b). PMOS $/D Junction & Junction Gate Edge Capacitance % 2 7}
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16-06 k

< {E-07

£ 1E-08
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R
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L70E-3 f
260E-3 |
T 50E-3 f
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<1¥ 2-9>. 0.5 nMOS(5.0V)2] &4 A 1}¢] fitting 2 7} W] (W/L=20/0.5¢m,
symbol : measured, solid line : fitted)
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Vbs=0V, 0.75V, 1.5V, 2.25V, 3V
Vds=-0.1V

-lds [a]
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10E-3 |
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- ey XY

gV gs [V%
<% 2-10>. 0.5um pMOS(5.0V)®] &4 2 7%} fitting 2 78] ¥ 2l (W/L=20/0.51m,
symbol : measured, solid line : fitted)



Junction area . pattern® field edge extension pattern ©A]
source/drain®] junction diode DC E4J(IS)S UIMOST2] IS routined ©|&
o] 2R gor, F patterno] W@ 23 WA OZAH IS JSHE &
3 AFAE <2 2-8o EhRRAT.

A}, MOS Transistor DC Parameter FZ&_<319 2-9>, <I¥ 2-10>

MOS transistor®] DC parameterZ UTMOSTS] BSIM3_MG routineS ©] 83k
2RsATH. A AMEE device size® 20/20, 20/0.5, 20/0.55, 20/0.6,
20/0.95, 20/2.35, 3.2/20, 1.6/20, 1.0/20(PMOS®] Z-- 1.2/20), 3.2/0.6m
ol 10709 patternolA] SA3Fer, BSIMIMG routinex ID/VG-
VB(VD=linear (0.1V)), ID/VD-VG(VB=low(OV), ID/VG-VB(VD=saturation(5V)),
ID/VD-VG(VB=high(=3V)) & 4719 &HBo= o|folx ut. Zzpe) 54 2
A= o]88lo] fitting @ optimization® S LD, optimization
linear region — subthreshold region - saturation region current -
output resistance ¢ FAE I, device sizet large device -
width array - length array - small size &A42 APFEct. <™ 2-
o> <2%® 2-10>°] Z} deviceol ¥ FHAHIT FE 9 parameter= modeling
g @S vuste GER)ATE.

ol 4ol FZ¢ SPICE parameter® <X 2-6>°f dehliick. FEd #&
£ typical @#tol™, gate oxide FA(TOX), threshold voltage(VIH),
source/drain HAE(RSH), gate CD(XL), active CD(XW)<] 570 parameter
+ 10%8) WEZ Fo slow 9 fast Aol disted FYsiict. o2 23
T EWZE 5.0V8 0.5m CMOS ASIC BAAIAMZF ZFH sled, 44

AARA D= foundry A QA AFE Aoltt.
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<¥ 2-6> 5.0V % 0.5um CMOS ZA=}2] SPICE Parameter

(a). 0.5m CMOS(5.0V) BSIM3 Parameters (nMOSFET)

* DATE: Apr 26/02, LOT: F0055, WAF: 16, DIE: 1, DEV: 0.5um (5.0V), Temp= 27

.L1IB CORRELATION

.PARAM TOXN = 1.14e-08 VTHON = 0.72 RSHN = 50 XLN = -5¢-08 XWN = ~1e-07
.ENDL. CORRELATION

.LIB TT

PARAM TOXN = 1,14e-08 VTHON = 0.72 RSHN = 50 XLN = ~5e¢-08 XWN = -1e-07
.ENDL TT

.LIB SS

.PARAM TOXN = 1.254e-08 VTHON = 0.792 RSHN = 55 XLN = —4.5e-08 XWN = -1,1e-07
.ENDL SS

.LIB FF

.PARAM TOXN = 1,026e-08 VIHON = 0.648 RSHN = 45 XLN = -5.5e-08 XWN = -9e¢-08
ENDL FF

.LIB nmos

.MODEL nmos nmos (

+LEVEL =38 VERSION = 3.2 TNOM = 27

+TOX = TOXN XJ = 2.7e-07 NCH = 2.4etl7
+VTHO = VTHON K1 = (0,816833 K2 = —1.87662e-05
+K3 =30 K3B = —-6.54987 WO = 3,43732e-06
+NLX = 2.,76303e-07 DVTOW =20 DVTIW =20

+DVIZ2W = -0.032 DVTO = 7.227%4 DVT1 = 0.566227
+DVT2 = -(.00424212 uo = 485,687 UA = le-11

+UB = 2.06473e-18 uc = 8,28203e-11 VSAT = 83500

+A0 = 0.727404 AGS = (0.119125 BO = 1,80712e-07
1B1 = 1le-07 KETA = 0.00153038 Al =0

+A2 =1 RDSW = 1321.38 PRWG = -0.01

+PRWB = 0.0625917 WR =1 WINT = 1.42496e-07
+LINT = 6.29462e-08 XL = XLN XW = XWN

+DWG = -9,46825e-09 DWB = 1,31561e-08 VOFF = -0,08
+NFACTOR = 1.1 CIT =0 CDSC = -0.0001
+CDSCD = 6.97887e-05 CDSCB = -0.0004 ETAO = 0.00169665
+ETAB = -0.186939 DSUB =1 PCLM = 1,12473
+PDIBLC1 = 0.0355245 PDIBLC2 = 0.0005 - PDIBLCB = 0

+DROUT = 0.305005 PSCBE1 = 4.3et08 PSCBEZ = 5e-05

+PVAG = (0.0500001 DELTA = 0.001 RSH = RSHN

+RD = 50 RS = 50 ACM =2

_58_



+LDIF = 1.9e~07 HDIF = 7.6e-07 N =1.013

+JS = 3.6051e-07 JSW = 6.9937e~13 MOBMOD = 1

+PRT =0 UTE =-1,5 KT1 =0

+KT1L =0 KT2 =0 UAL = 4.31e-09
+UB1 = ~7.61le~18 ucl = -5.6e-11 AT = 33000
+NQSMOD = 0 WL = 9,26889%~20 WLN =1

+WW =0 WWN =1 WWL =0

tLL =0 LLN =1 W =0

+LWN =1 LWL =0 CAPMOD = 2

+CJpar =10 CJSWpar = 0 CGDO = 3.37325¢-10
+0GS0 = 3.37325e-10 CGBO = 1,73E-10 FC = 0,999

1CJ = 0,000682626 PB = 0.846672 MJ = (.392696
+CJSW = 3.2941e-10 PBSW = (0.743932 MISW = 0.178151
+CISWG = 2.85163e-10 PBSWG = 0.592652 MISWG = 0.365762
+NOFF =1 ACDE =1 MOIN =15

+TPB =0 TPBSW =0 TPBSWG =0

+TCJ =0 TCISW =20 TCISWG =0 )
.ENDL nmos

(b). 0.5um CMOS(5.0V) BSIM3 Parameters (pMOSFET)

* DATE: Apr 26/02, LOT: F0055, WAF: 16, DIE: 1, DEV: 0.5um(5.0V), Temp= 27

.LIB CORRELATION

.PARAM TOXP = 1,14e-08 VTHOP
.ENDL CORRELATION

.LIB TT

.PARAM TOXP = 1,14e-08 VTHOP
.ENDL TT
.LIB 5§
.PARAM TOXP
LENDL SS
.LIB FF
.PARAM TOXP
.ENDL FF

-0.9 RSHP = 150 XLP = -5¢-08 XWP = -1le-07

~1e-07

-0.9 RSHP = 150 XLP = -5e-08 XWpP

165 XLP

1l

-4 .5e-8 XWP = -1.1e-07

1.254e-08 VTHOP = -0.99 RSHP

f
il

Il
Il
I

1.026e-08 VTHOP = -0.81 RSHP = 135 XLP = -5.5e¢-08 XWP = -9e-08

.LIB pmos

.MODEL pmos pmos (

+LEVEL =28 VERSION
+TOX = TOXP XI
+VTHO = VTHOP K1

3.2 TNOM =27
2.2e~07 NCH 1.5e+15
0.448293 K2 0.0343539

it

fl
n
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+K3 =
+NLX =
+DVT2W =
+DVT2 =
+UB =
+A0 =
+B1 =
+A2 =
+PRWB =
+LINT =
+DWG =
+NFACTOR =
+CDSCD =
+ETAB
+PDIBLC1
+DROUT
+PVAG
+RSH =
+ACM =
+N =
+MOBMOD =
+KT1 =
+UA1 =
+AT =
+WLN =
+WWL =
+LW =
+CAPMOD =
+CGDO =
+FC =
+MJ =
HMISW =
MISWG =
+MOIN =
+TPBSWG =
+TCISWG =
.ENDL pmos

1

12,4384
9.60375e-08
-0.032
-0.0181666
1.33865e-18
0.457293
1le-07
0.899991

0.1
-3.96416e-08
-1.99539¢-08
1.2
0.000160216
-0.00124234
2

3

0

RSHP

0.999

1

0
4.31e-09
33000

1

0

0

2
2.25487¢-10
0.999
0.424322
0.138744
0.210204
15

0

0

K3B
DVTOW
DVTO

CIT
CDSCB
DSUB
PDIBLC2
PSCBE1
DELTA
RD
LDIF
IS
PRT
KT1L
UB1
NQSMOD
Ww

LL
LWN
Clpar
CGSO
CJ
CISW
CISWG
NOFF
TPB
TCJ

)

1l
o O O

=0
=0
= 1.40047

207.48

= -3.97426e-11
= 0.0508987

= -0.0115737
= 3000

=1

= XLP

= 1,95164e-08
=0

= 0.000691663
=0.36

= (0,000541428
= 8et08

= 0.00726809
= 150

= 1,907

= 2,1749¢-07
=0

=0

= -7.61e-18

=0
= 2.25488e-10
= 0.000788187
= 2.42042e-10
= 1,33708e-10
=1
=0
=0
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WO
DVT1W
DVT1
VA
VSAT
BO

Al
PRWG
WINT
Xw
VOFF
CDSC
ETAC
PCLM
PDIBLCB
PSCBE2
NGATE
RS
HDIF
JSW
UTE
KT2
UC1
WL
WWN
LLN
LWL
CJSWpar
CGBO
PB
PBSW
PBSWG
ACDE
TPBSW
TCISW

4.77284e-09

1.73442e-09
90983.5
5.11966e-07
0

-0.001
1.73068e-07
XWP

-0.199
0.00231346
0.00836739
1.5
-0,000996848
7.03435e-09
5e+20

150

7.6e-07
3.1329-13
-1.5

0

-5.6e-11
7.53417e-20
1

1

0

0

1.73E-10
0.896595
0.486786
0.4

1

0

0



3. 3.3V & 0.5m CMOS 448} A7)1A 54 2 SPICE Parameter

AHF R HAEARGE Fol7] HMe 244 FAAYES WFooF 3}
I, HoAHE wEA 7] At AF FFETEE FUMAIIY, tole=
2 2o AR ATE uA= WAL Fhstool gt o)ek L
HAA A 0.5pm CMOS 4Abe] AHAEE Fol7] Haid FALE 3.3V=
Y dart e, AFTFF & ST HEA gate oxide FAE
WASE ZAARAT

5.0V& 0.5/m CMOSS} EU3tA koA Ak FALEOR 3.3VE 0.5m
CMOS 2=z} g 559, /Ned deviced electrical characteristics
2 parasitic capacitance < <X 2-7>¢ <T 2-80 YElgen, o B
e AN nHHAF & Zolty. WA electrical characteristicsE
AR <X 27> (a) WEbd sheet A% <FE 2-7> (b)o] viEhd
contact A8 74 n-well sheet AFS AT ZE A ;3] 5V &A%
dshe}, ¥ nMOS transistor®] 749 0.68Ve] threshold voltage 9} 4204
/im®] saturation current@gt& WERNIL 9lo™, pMOS transistor®] 74 -
0.83V¢] threshold voltage 9} -230pA/um®} saturation current3t2 ERY
gk & FFAYe] sVelA 3.3V FadAFdE B7sti gate
oxide F7 AR st ARTFEFH IA F4sHA S & F U
o}, A nMOSe}F pMOSe] BVDSS$} field transistor® breakdown voltage@
threshold voltage #2 25 10V o] 4o 2 a2 vehiiint.

A2 device 540l ot foundry A9E& 7M5stA k7] Hakod 5V
device®t £¥% ¥PHOo R SPICE parameter® F=313itt. &% process
parameter, capacitance parameter, diode parameter: o}ele] S el
Atk

(a). Gate 2 active CD ¥# parameter : XL = 0.05 ym, XW =-0.1 zm
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<3 2-7> 3.3V & 0.5um CMOS Device® Electrical Characteristics

(a). Sheet Resistance =] : Ohmy/sq.
Parameter Min. Typ. Max.
NWL 400 500 600
N+ 8/D 50 65 80
P+ S/D 150 180 210
Poly 3 5 7
Metal 1 0.06 0.08 0.10
Metal 2 0.06 0.08 0.10
Metal 3 0.03 0.05 0.06
(b). Contact Resistance 29 : Ohmy/ea.
Parameter Min. Typ. Max.
N+ 8/D Contact 20 30 50
P+ 8/D Contact 70 90 110
Poly Contact 3 5 8
Via 1 1.0 2.0 3.0
Via 2 0.5 15 2.5

(c). 3.3V & 0.5um CMOS Transistor 53

Parameter 0.5¢m Technology (3.3V)
NMOS 20 L[] 0.10% 0.1
20 W [im] 0.30% 0.1
Vt[V] 0.65% 0.1 (@W/L=20/20¢m)
0.68 % 0.1 (@W/L=20/0.5.m)
Idsat [4A/ym | 420+ 70 (@W/L=20/0.5um)
BVDSS [V] > 10
PMOS 20 L [ ] 0.10% 0.1
20 W [ ] 040+ 0.1
Vt[V] -0.87+ 0.1 (@W/L=20/20;m)
-0.83% 0.1 (@W/L=20/0.5m)
Idsat [1A/um ] 2301 40 (@W/L=20/0.57m)
BVDSS [V] < 10
Field TR Vin [V] > 10
BVdss [V] > 10
Vip [V] < 210
BVdss [V] < 10
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<¥ 2-8> 3.3V & 0.5m CMOS 3A9 Parasitic Capacitance

Layer Area Capaczitance Fringe Capacitance

[fF/m®] [fF/im]
N+ Diffusion to P-Well 0.5194 0.2669
P+ Diffusion to N-Well 0.7539 0.2526
Polv Gate (N-Channel 4.4290 0.3463
Polv Gate (P-Channel) 4.4143 0.3602
Polv to Field 0.0911 0.0574
Metal 1 to Field 0.0459 0.0556
Metal 1 to Polv or Active 0.0774 0.0676
Metal 2 to Field 0.0245 0.0412
Metal 2 1o Polv or Active 0.0306 0.0446
Metal 2 to Metal 1 0.0439 0.0456
Metal 3 to Field 0.0166 0.0340
Metal 3 to Polv or Active 0.0190 0.0354
Metal 3 to Metal 1 0.0217 0.0366
Metal 3 to Metal 2 0.0375 0.0467
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(@). IYVG-VB (VD=0.1V)

Vhs=V, -0.75V, -L&V, -2.25V, -3V
Vds=0,1V

106-2
90E-4
80E~4
7064

_EOE=4

5064

2 40E-4
a0e-4
20E-4
10E-4
DOE+Q

0 05 1 15 2

Vgs V]

(b). IYVD-VG (VB=0V)

25 3

106-2

90E-3
80E-3
70E-3
60E-3

Vbs=0V

S0E-3
40E-3
30E-3
208-3
10E-3

Ids [A]

Vgs=l24V, 1755V, 227V, 2785V, 3.3V

00E+0

V) 05

15 2 25
vds [V]

{c). IYVG-VB (VD=3.3V)
10E-2

Vhs=lV, 075V, -L5V, -225V, -3V
Vils=3.3v

QUE-3
8D0E-3
7TOE-3
60E-3
50E~3
40E=~3
J0E-3
20E-3
10E-3

QOE+D ¢ PRSP
Q 05 1

Ids [A]

15 @& 253
Vgs [V]

(4. IyVD-VG (VB=-3V)

Vbs=3.0v

VEs=177V, 2152V, 2534V, 2916V, 3.3V

15 3
vds V]

1E~02 BOE-4
18-03 70E-4 |
" 1E-04
B0E-4 |
1E-05
1506 - S0E4
=L i
g7 E40E-4
% E
1E-08 S ape-4
1E-08
20E-4
1E-10
1E-11 1084
1E-12 00E+0
0 05 15 2 25 3 0
Vgs V] vas V]
1081 1182
30E-3
1062
7083
) 5
= =
E1pe-3 E 5063
4 B
(4] 4]
306-3
10E-4
10E-3
10E-5 . . -10E-3 T T P
0 05 1 15 25 3 o 05 15 2 25 3
vds [V] vds [V]
1E-01 4563
1Bz 40E-3
1E-08 s5is
1E-04
1E-05 _30ES
= 1E-06 é 25E-3
£1E-07 £ 20E3
o
1E~08 e
1E-08
1E-10 1083
1E-11 Ff B0E-4

1E-12

00E+0

10E-1 11E-2
90E-3
10E-2 g
7053
) =)
= =
E 053 £ 5063
L] ]
(] (o)
A0E-3
10E-4
1063
ADE-S T s st
0 05 1 15 25 3 0 05 1 15 2 25 3
vds [V} Vds V]

<72 2-11>. 0.5um nMOS(3.3V)¢] A 2 39} fitting 2 7] ¥ F (W/L=20/0.5¢m,
symbol : measured, solid line ; fitted)
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40E-4
3504
30E-4
25E-4

20E-4

—fds |4

15-4
10E-4
G0E-5

00E+0

50E-3
45E-3
40E-2
35E-3
30E-3
25E-3
20E-3
1563
10E-3
50E-4
00E+0

-lds [4]

50E-3

45E-3

40E-3

35E-3
—JDE-3
=,

@ 25E-3

he]

" 20E-3
1583
10E-3
50E-4
QQE+0

40E-3
35E-3
30E-3
25E-3
20E-3

-lds [a]

15E-3
106-3
50E-4

00E+0

<% 2-12>. 0.5um pMOS(3.3V)e] &4 A9} fitting A7) ¥ (W/L=20/0.51m,

(a). TYVG-VB (VD=0.1V)

Vbs=0V, 075V, L5V, 225V, 3¥
vds=0.1v

.~

a 05 1 _\1/.\35 [V% 25 3

(). IYVD-VG (VB=0V)
Vgs=1A41V,-188V,-236V,-ZBN -3 3V

0 05 1 15 2 35 3
~Vds {v)]

(¢). IYVG-VB (VD=3.3V)

Vbs=(V, 0.75V, L5V, 225V, 3V
E Vds=33V

! -\}gs [Va
d. I¥VD-VG (VB=3V)

VEs=L76V,-215V -2 53V ,-292V 13V
[ Vbs=aov

0 05 1 15 2 25 3

Vs [V]

{E=02
1E-03
1E-04
1E-08

—1E-06

=

w 1E-07

=)

T 1E-08
1E-09
1E-10
1E-11
1E-12

10E-2

1083 f

Gds [mhe]

10E-4

10E-5

1E-02
1E-03
1E-04
1E-03
—1E-06
=
1 1E-07
1E-08
1E-08

~lgi:

1E=10

1E-11 f

1E-12

10E-2

10E-3

Gds [mho]

10E-4

10E=5

30E-4

2564

20E-4

1564

Gm [mho)

10E-4

50E-5

00E+0

40E-3
35E-3
J0E-3
25E-3
20E-3

15E-3

3ds [mhe]

\
10E-3
50E-4

0QE+D

symbol : measured, solid line : fitted)
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-50E-4

30E-3

2363

20E-2

156-3

Gm [mhol

10E-3
SOE-4

00E+0

358-3
30E-3
25E-3

— 2083

=]

£

= 153

i

=l

< 10E-3
50E-4

00E+0

-50E-4




(b). Gate oxide thickness : TOX(nMOS) = 77.1 A, TOX(pMOS) =78.2 A
(c). Substrate doping 5% ® junction depth : NCH(nMOS) = 2.7E17 atoms/cm?,
XJ(nMOS) = 0.3 tm, NCH(pMOS) = 7.0E16 atoms/cm’, XJ(pMOS) = 0.25 um

(d). Gate oxide overlap capacitance : CGSOnMOS) = 3.42E-10 F/m, CGSO(pMOS) =
3.64E-10 F/m, CGBO = 1.73E-10 F/m

(e). Junction capacitance(nMOS): CJ = 5.15E-4 F/m?’, PB = 0.776, MJ = 0.372,
CJSW = 3.96E-10 F/m, PBSW = 0.843, MISW = 0.237, CISWG = 2.08E-10 F/m,
PBSWG = 0.84, MISWG = 0.367

(). Junction capacitance(pMOS): CJ = 7.54E-4 F/m?, PB = 0.808, MJ= 0.397, CISW =
4.01E-10F/m, PBSW = 0.518, MJISW= 0.212, CJSWG = 1.66E-10 F/m, PBSWG =
0.894, MISWG = 0.363

(g). junction diode : JS(nMOS) = 1.3019E-07 A/m’, JSW = 3.5567E-13 A/m,
JS(pPMOS) = 9.8755E-08 A/m’, JSW(pMOS) = 1.8697E-13 A/m

A MOS DC parameter®] 7-$- 20/20, 20/0.45, 20/0.5, 20/0.6, 20/0.8,
20/2.4, 3.2/20, 1.6/20, 1.2/20, 3.2/0.5m2] 107§9] patternol] Al &3l
fitting 8929, fitting 232 <a¥ 2-11>3 <23 2-12>9] e
o}

o] de A FZH SPICE parameter® <®E 2-9>0 ehjdtt. F&£38 g
typical gkol™, gate oxide FA(TOX), threshold voltage(VIH),
source/drain HAIF(RSH), gate CD(XL), active CD(XW)&] 570 parametere]
+ 10%9] WEE Fol slow 9 fast Aol didted Fsgin}. o] ZAxt
& EUE 3.3V 0.5m CMOS ASIC HAXAAMZ FAHo} glony, ZFA=

HAAA AN foundry A LA AFE Aolt},
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< 2-9> 3.3V & 0.5um CMOS A2} SPICE Parameter

(a). 0.5um CMOS(3.3V) BSIM3 Parameters (nMOSFET)

* DATE: Sep 26/01, LOT: 01-F016,

.LIB CORRELATION

.PARAM TOXN = 7.71189e-09 VIHON

.ENDL CORRELATION

1l

VERSION
XJ

K1

K3B
DVTOW
DVTO
uo

uc

AGS
KETA
RDSW
WR

XL

DWB
CIT
CDSCB
DSUB
PDIBLC2
PSCBE1
DELTA

LIB TT

.PARAM TOXN = 7.71189¢-09 VTHON
.ENDL TT

.LIB S5

.PARAM TOXN = 8,4831e-09 VTHON
.ENDL SS

.LIB FF

.PARAM TOXN = 6.9407e-09 VTIION
.ENDL FF

LIB nmos

.MODEL nmos nmos (
HLEVEL =8

+TOX = TOXN

+VTHO = VTHON

1K3 =25

+NLX = 1.9139¢-07
+DVT2ZW = -0.032

+DVT2 = ~0.0794371
+UB = 2e-18

+AO = (0,758279

+B1 = 5e-06

+A2 =1

+PRWB = ~0.0721463
+LINT = 4. 86585e-08
+DWG = -3.81033e-08
+NFACTOR = 1.40952
+DSCD = 2.0144e-05
+ETAB = -0.0075424
+PDIBLC1 = 0.00144976
+DROUT = 0.201734
+PVAG =0.1

+N = 1,003

IS

WAF: 07, DIE:

0.

il

0.65 XLN

0.65 XLN

.585 XLN

715 XLN = 5

4

3.2

2e-07
0.754573
-1.43757

0

2.87393

490
9.29667e-11
0.264427
-0.0151182
836.459

1

XLN
.65148e-09

.00055
.82332e+08
.00101

3

0

0

0.26

0

3

0
1.3019e-07

_67_

1, DEV: 0.5um(3.3V), Temp= 27

.5e-08 XWN

.5e-08 XWN

TNOM
NCH
K2

WO
DVT1W
DVT1
UA
VSAT
BO

Al
PRWG
WINT
Xw
VOFF
CDSC
ETAO
PCLM
PDIBLCB
PSCBE2
RSH
JSW

H

5e-08 XWN = -1e-07 RSHN

5e—08 XWN = -1e-07 RSHN

27

2. 7etl7
-0.0377153
7.6e—06

0

0.339482
8.54763e-14
102569
2.4837e-06
0
~0.00738793
2.0742e-07
XWN
-0.117449
-0.00269175
0.016
0.803905

0
3.34412e-05
RSHN
3.5567e-13

60

60

-1.1e~07 RSHN = 66

~0e—08 RSHN = 54



+MOBMOD =1

+KT1 =90

1UA1 = 4,31e-09
+AT = 33000
+WLN =1

+WWL =0

LW =0
+CAPMOD = 2

+CGDO = 3.41787e-10
+FC = 0,999
M = 0.371757
+MISW = (,237232
HMISWG = 0.36364
+ICISW =0

+ACDE =1

+TPBSW =0

+ICISW =0

.ENDL nmos

(b). 0.5:m CMOS(3.3V) BSIM3 Parameters (pMOSFET)

PRT
KT1L
UB1
NQSMOD
WW

LL

LWN
Clpar
CGS0
CJ
CISW
CISWG
TCJ
TPBSW
MOIN
TPBSWG
TCISWG

I
o <O

-7.61e-18

1l
= o O O

=0
= 3.41787e-10
= 0.000515287
= 3.96152e-10
= 2.07555e-10
=0
=0
=15
=0
=0

UTE
KT2
UC1
WL
WWN
LLN
LWL
CJSWpar
CGBO
PB
PBSW
PBSWG
TPB
NOFF
TPB
TCJ

)

=-1.5

=0

= -5.6e-11

= 4.05378e-22

.73e-10
775816
.84993

.831938

1l
O O = OO O O = OO = =

* DATE: Sep 26/01, LOT: Q1-F016, WAF: 07, DIE: 1, DEV: 0.5um(3.3V), Temp= 27

.LIB CORRELATION

PARAM TOXP = 7.82073e-09 VTHOP = -0.87789 XLP = 5e~-8 XWP = -1e-07 RSHP = 150
.ENDL CORRELATION

.LIB TT

PARAM TOXP = 7.82073e-09 VTHOP = -0.87789 XLP = 5e-8 XWP = -1e-07 RSHP = 150
.ENDL TT

.LIB 35

PARAM TOXP = 8.603e-9 VTHOP = -0.96567 XLP = 5,5e-8 XWP = -1.1e~7 RSHP = 165
.ENDL SS

.LIB FF

.PARAM TOXP = 7.03866e-9 VIHOP = -0.7901 XLP = 4.5e-8 XWP = -9e-8 RSHP = 135
.ENDL FF

.LIB pmos

.MODEL pmos pmos (

+LEVEL =8 VERSION = 3.2 TNOM = 27

+T0X = TOXP XJ = 2.5e-07 NCH = 7et+l6

+VTHO = VTHOP K1 = 0.385128 K2 = (.0252987

+K3 = 58.9919 K3B = -2,73078 WO = 4,32188e-06

_68_



+NLX =
HDVI2W =
1DVT2 =
+UB =
+A0 =
1B1 =
+A2 =
+PRWB =
+LINT =
+DWG =
+NFACTOR =
+CDSCD =
+ETAB =
+PDIBLC1 =
tDROUT =
+PVAG =
N =
+MOBMOD =
+KT1 =
+UA1L =
+AT =
+WLN =
+WWL =
LW =
+CAPMOD =
+CGDO =
tFC =
M =
+MISW =
tMISWG =
+TCISW =
+ACDE =
+TPBSW =
+TCISW =
.ENDL pmos

1.57565e-07
-0.032
-(0.0263091
2.19656e-18
0.8642
5e-06
0.355797
0.00297762
7.61107e-08
-2.00671e-08
2
0.000121361
-0.00050839
0.591795
0.908886
0.0379854
0.992

1

0

4.31e-09
33000

.64012e-10
.999
.397389

. 212366
.363101

O O = O O O O C WO O

DVTOW
DVTO

CIT
CDSCB
DSUB
PDIBLC2
PSCBE1
DELTA
IS
PRT
KT1L
UB1
NQSMOD
W

LL

LWN
Clpar
CGS0
CJ
CJsw
CISWG
TCJ
TPBSW
MOIN
TPBSWG
TCISWG

0

4.09669
166.154
~4,96379¢-12
0.301012
-0.0065417
1882.55

1

XLP
1.225e-08
0
0.00142761
0.0521525
0.0005
8et+03
0.00101
9.8755e-08
0

0
-7.61e-18

= O O O

0
3.64012e-10
0.000753622
4.0124e-10
1.66062e-10
0

0

15

0

0
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DVT1W
DVT1
UA
VSAT
BO

Al
PRWG
WINT
XW
VOFF
CDSC
ETAQ
PCLM
PDIBLCB
PSCBE2
RSH
JSW
UTE
KT2
UC1
WL
WWN
LLN
LWL
CJSWpar
CGBO
PB
PBSW
PBSWG
TPB
NOFF
TPB
TCJ

)

1l

0

0.72146
6.71235e-11
253000
3.556207e-06
4.65511e-05
—0.000520093
1.89873e-07
XWP
-0.159544
0.00393132
0.00140071
1.12681
—2.77451e-07
1.01e-05
RSHP
1.8697e-13
-1.5

0

-5.6e-11
1.00999e-19
1

.73e~10
.807635
.517779
,893538

el e el el el el =R



4. 0.5mm CMOS 2A}2] Gate Oxide 212 A H7}
Gate Oxide & S54 2 Aol Hrle= CMOS ASICA o] 9olA 743 7)

8¢ &5 F shjoltd, E AolAE 5.0V 2 3.3V & 0.5m CMOS ASICE]

B

gate oxide 54 B8R E. 5.0V & 0.5:m CMOSS] 7% gate oxide 5
A 110Ae]s1 3.3Ve] A% 70A ol¢, #Hrsb FEL TZB (Time Zero
Dielectric Breakdown)$} TDDB(Time Dependent Dielectric Breakdown)Z
7Fstgith

(a). Time Zero Dielectric Breakdown(TZDB) 57

Gate Oxide ¢ TZDB B4 &3] gate oxide & WEEA LR B, &
Fo §8L A, B, C 9 37k mode®R v ol Hmdch. A mode BHL
Fstet F9 pin hole Fol 9 @] 71 F mode2A 0~2 MV/em ©l5}e]
w2 electric fieldolA #3o] vehdch. B n
NNH o2 kgl A3 (weak spot)o] 71913 ©roz A ok 2-8 WV/m BE9
electric fieldolA E%Zo] Yeltel, C mode EFL A=Y intrinsic
breakdown o 9% ZAFGHAE Z3ch. A mode EFL VISIY Z7] E%L
F&stil, B mode BFS T2 AL AA7E 90 H9, C modeE
2 2 FIEA AMERAE YErA "B @dE Aol gle AdF
Absbere} TZDB F4-& Z A F-N(Fowler-Nordheim) tunneling current 99}
intrinsic breakdown §4 22 E < oW, F-N current¥® gate oxide
Fdol A= electric fieldol 9% tunneling current@A thgAew g
AlE Tt

J=Ar ¢ o exp(-B/e o)
71X A & 1.25 x E-6 [A/V’] ol& B & 240x E46 V/em o[t}
o] A& o] &3l 5.0V ASIC(Gox=110A)¢] A% F-N Current® E2AH ¢

+ 10% (5.5V)el Al 4.6E-15 A/cm2 o™, 3.3V ASIC(Gox=70A)¢] % F-N
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1.E+00
1.E-01
1.E-02
1.E-03
1.E-04
1.E05
1.E-06
1.6-07
1.E-08
1.E09

N-Channel

...... U0028_#01_C
---0---UD028_#01_T
.o . -F0031_#06_C
- .- F0O031_#06_T

IG [A]

1.E10
1E11 & -.-n...FO055_#16_C
---o--.FOO55_#16_T
1612 - b
g —a—01-FO12_#07_ T
LE13 RN v —+—01-FO12_#07_C
1.E-14 & —a—01-F012_#07_B
1.E-15
a -5 -10 -15 -20
VG V]
1.E+00
1.E-01 P-Channel .
1.6-02 N i
1E03
1.E-04
1.E05 |
1.E-06
L 1E07
o 1E.08 U28#01_Nch_cen
. o e ---e---U28#01_Nch_top
1609 ’ o: —-o--F31#06_Nch_cen
1.6-10 e — .o .-F31#06_Nch_top
1E11 & o ---a...F55#16_Nch_cen
Nd
1E12 ¢ ---o--.F55#16_Nch_top
. s —+—01-F012_#07_T
1613 e 01-FO12_#07_C
1614 % —a—01-FO12_#07_B
1.E-15
0 5 10 15 20
VG V]

<™ 2-13>. 5.0V& 0.5um CMOS Device?] Gate Oxide TZDB(Time Zero
Dielectric Breakdown) S4_Gate Oxide Thickness=110A
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1E+00 §
1E.01 b FO16_#15_top
1E-02 b -FOl6_#15_center
: FO16_#15_bottorn s
03y FO049_#09_top Z
1IE04 ¢ ... .. FOD49_#09_center
105 f  eeeenes FO049_#09_bottom .
o 1E06 ,
o 1E-07 § .
' 1E-08 ; ’ﬁ
1E-09 | Ry
1E:10 £ y
1E11 | o
LE12 | wmerrrse o200
1E-13 1 N-Channel
114 Lo
0 2 4 -6 8 .10
VG V]
1E+00 —
1E-01 FOL16_#15_top
FOle_#15_center
1£:02 FO16_#15_bottom
1IE03 ¢ ... FOO49_#09_top
1E04 ¢ ---.-.- FOO49_#09_center
1E-05 F =------- FO049_#09_bottom
1£-06
£ 1E.07
2 108

<18 2-14>.

-12

1E-09
1E-10
1E-11
1E-12
1E-13

P-Channel

1E-14
0 2 4 6

VG [V]

3.3V4 0.5um CMOS Device® Gate Oxide TZDB(Time

8

10

12

Dielectric Breakdown) Z4_Gate Oxide Thickness=70A
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100

90 |  —e—0.8ASK(5.0V)
Gox=175A
80 r J=100 mA/cm2
70 L —%—0.5ASIC(5.0V)
= Gox=115 A
= 80 J=62.5 mA/cm2 4
% 50| —A—05ASIC(3.3V) ;
8 Gox=75 A {
£ 40+ J=62.5 mA/cm2 3
30 : 4
20 |
10 f
0 e
1 10 100
Qbd [Clem2]
(). Ao Wi +4 o5
12 ¢ -
T *  0.8ASIC(5.0V)
10 _Gox=175A
s 0.5ASK(5.0V)
9 _Gox=115 A (FO12)
8 A D5ASIC(3.3V)
5 _Gox=75A (FO16)
o 7 A O.SASIC(S;BV)
3 6 _Gox=75 A (F049)
- .
& 5 m—“‘l@.
3 4 ¢ :7“«
3 | ‘ r‘:,_;: .
2 L . 332*0~
% F-N Current (@Gox=115 A , 5.5V) A
T I =46E45Alem2
0 - 1 L ] 1 L 1
-8 -7 -6 -5 -4 -3 2 -1 0
LOG(Current Density) [A/cm2]
(). ¥ ol & g Life Time 2| ol =
<% 2-15>. 0.5/m CMOS(5.0V & 3.3V) Device?] Gate Oxide TDDB(Time

Dependent Dielectric Breakdown)
Stress Test)

..73_
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Current= T&ZAW + 10% (3.6V)1A 5.5E~15 A/cm2 ©lt}. o] g FHelA
Avd TR EAolA gate oxided) life timed ZBASE J1Fo3 AR H
7% g},

<Y 2-13>7 <3¥ 2-14>9]  0.5mm CMOS ASICS] TZDB Z4-& JJehi3d
tF. 3.3V & gate oxide(70A)9] A% n-channel ® p-channel % 43 &
TZ0B 5/d-& veERAIRH (<Y 2-14>), 5.0V 4 gate oxide(110A)9] 7%
n-channel TZDB =49 o]e] #ZATt. = 574 patternd gate oxide &
do] ThFHA R ¥ F9oA WA tunnelingo] Lotz 9low, n-
channel 2] A% electron®] poly gate Zo]A] injection HEE polyS gate
oxided EAZE 7L #UstA 7] WEoE FAEY FF slde] 277
=3

(b). Time Dependent Dielectric Breakdown(TDDB) &3

Gate oxide 2] TDDB E42 4tatate] Al Ao thdt Frl= A test W
& CCST(constant current stress test)9 CVST(constant voltage stress
test)7} vk, F AL EF 4A] FF voltage X F& currentd A
stressE 718 A% life timeo] WF 4o test 7} E7/l3sl22 o8 =7

o] dolgl current T voltageo X stressZ 7F6te] breakdown time(Thd)

il
i
o
olr

te olg A4 T3 AR T dA FF Adoz s life
time€ FAHATY. <aH 15>9] 110A = 70A <] 0.5¢m CMOS ASICS] TDDB &
de Ui er life timeo] 10d2 4 d= o dxe gS vEh
o o,

ol 4ol AZMEZHRE 5.0V & 2 3.3V 0.5m CMOS ASIC 9] gate oxide &
4 R AR FEFES FAT g Qlden, 10d olde AF FHL A

g5 Jeg d5T 5 Yo

ru]o

oo
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7134 0.8 pm CMOS ASIC =& 34

NN 2HRAFLAE ATAEL G835l T4, A7V 2 B34 F
A7)0 271 AAH R AYAANA foundry serviceE AF3 1 vk, =3

AYZ #8 vtxA A4PAdAE 0.8 um CMOS ASIC foundry serviceZ 3

£ Bolde 2ol AR ALE 0.8 pn OOS ASIC rundl W & BRE
A5 Uil S8 EAl] dield AFE sabe] Avkg AV F
v FA4712 ALEHE ACE 0.8 um CMOS 71€2 7] s EGC400186
SOG A%g ol stel ARG A7) 06 LB AZFHL 9 YA AR
AN FHoE olRoigen, o Axd Ang Agad Yn 5979 A}

AAANEARE AR ASIC FL AFstar k. 0.8 pm BAFAE 71 SA}

o

9] ASIC &A= 20024 @8] £<F F 19 runol A 89 Al waferb U5
9,908 M9 UYF HL Vo wafer F & HF T&2 61.8 9& YEHUHA =Y
ol 2001dY B 89 49.4 9xTh 12.4% TANE ZFolr}. o]HE F&

ol BEE WEEL <2 2-16>9 2001dE FE@F <2 2-17>9

&

o

20029 % FEAFoA oS AAeA B & k. 283 4] S06 W%
ASIC wafer®d B M7t 1807022 A waferd &F 22719 ¥F HES
o 4L ¢ 9o, o2 FAH e AA AVHEL 2 AR &

Zatol v E&H 4YLLDe) Jlejshy ok
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YIELD(%)

YIELD(%)

100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

100.0

90.0

80.0
70.0
60.0
50.0
40.0
300
200
10.0

00 E

€ RUNE z1 =8
O:RN 22 58 ‘géﬁj e
722 JE8 39 0725:'8 732“’5’901 gg;w R4 zaém
wq )}6%“‘: { 02@@? '63% %6356
P n 504 [
517 SHIATT s+ ! ﬁﬁr -
) : ‘é%
W 45,0
- [ho.g
0.3
4. .
6.
1111
nll 11, . . .
RUN No.
<218 2-16> 2001} 0.8 pm CMOS ASIC run & A&
L ¢ RUNE FD g8
t 0: RN 27 58 80.6 80.0
: Ples 756 VEEN (3 ' 77.2
F 711 750"
. o 2R2126 627 663 g S T IREE

TrTrrTTTTTTTT

—

53, =]
ik

532 ¢ 0580 - F F )
r —1

-

3

|

e

uao?

— o0 w g o o« - 0 g
o o - = o =3 f=3 = 2
£ 835§ 335 8 § 3
< << < -« “ s

RUN No

<3® 2-17> 20023 0.8 pm CMOS ASIC run %=

- 7(3 -

AS00B

AS008

=) - ™~ « <t w0
> - § g 3 @
g & & & & 8
< E L Y <X =
o s
& Ag

AS018




A4d ASIC &4 7= N

fd
2
B
i
lr

7] MekA WEA7]49l 0.5/0.8um CMOS FA 7|22 ZHe
ASICAAS] & S ZEsH] A8 & Aste 8IES 48,
olg} #HP ZF FAMA mEE AL FYc. =g IFFE #AY
MEA71ER EF39Y GaAs MESFET &7 MRS 98 ¢»
AR, ol8A AgE FA/EES dU.9 FF neAaz AFd=

28E 7 Je ZFdeolt

1. AR AAL 34 7l A

€ A9 0.8 pn CMOS &AAZFA A o] Fofx]= o2 FH) <
Sz ARAANEE A49e NS AdE wEd B
APANAE 0.8 um ASIC 2 MEMS 4AbAIE HAA g A g
FAFAHel F=2 AEH: Aok, 7] AgFod #ZFuo] FUFoH
g o]Edo] ©E WMANE FAFol o] #HFE wArp L=
AT B A= olF A Fuelx AiEE K9] AEEE
Hgsto] g-line stepper®s H-23F 743 vAZAA FHAEL 9
AAPZAE &5t 2 FAANRE 7] AHEFeld TANY B3I 4%
Hlwshsith. <oy 2-189lAe =FAIZL WEe] mE 0.8 pm old/new
gere) dEAE Jehflm ok fols 7w bare Si, nitride,
polysilicon %& Z7F ALslgiory 2ol =dx 7H3ute] FA A Aol A
=FALE Wgel o HEWEst 71E 79 B ddides o
gekslx FAARESL Frhes AL ¢ F Ak &F <Y 2-19> o)A 0.8
pn old/new ZF =] MW A FAAIHEL B 5 dedH AVINE AR

VE Bggol JRACE o FHY H4 4L vehiL 98e E 4
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CD ()

1.2
1.1
1
0.9
0.8
0.7 —8—0ld_nit ~ g
] —0—O0ld_ poly
0.6 —— Old_ bare
_ —O—New__nit
—&—New_ poly
0.3 —4—New_bare |~ -
0.4 L L L 1 1 1 t 1

280 320 360 400 440 480 520 560 600 640

Exposure time (msec)
<Y 2-18> =FA L D 7)ghe] W 0.8 pm old/new THE A
F47) ¥

938414 2aky ¥bl bk
(a) Old =39 84 (b) New 73k St

<% 2-19> 0.8 um old/new Z-3%H8] HAdw| A HAdH
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A0 F ASIC 2=FA =

118

kel

o=
g 5

20> (a)oll A

2_...

2]
=

E2FL <O

2749

0.8 pm CMOS ASIC

fail(stand by leakage)ll

ik

7’

Pass All Test

Fail_Ildd_Static

NN o [
I I I N I RS
7.77777,,77.7.,7..
e e I I N N N o B
I Bt~ L At e Lt e R Lt
TN > DSINNINININ - PN
|- . <1 N S N N N N O -
SRS < [NES NN P PN PN -
Pe{ ] ] DB I I I N P ] D] I e SR
77_.77.77.7_7@4/,”_,/77.41
[N XS RS NS PN PN PG PN PN SN N P
(™ il ™~ | |~ [
i C RN
_/dml‘..d_lnvl.uﬁl
PSRN - N8 F

a) A& wafer?] 4°8 ma

§92712 20KV X30.0k° 1 Shum

(c) %¥F H field Ak 3}t

(b) &% A 9 field 4F3}2t

& map @ T SEM AR

<2 2-20> A+ waferd
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7] 98 £F A9 FF A

AF}E <38 2-2000] B £ vk, <3 2-20-9 @A SEM AR L E
HA 4 7 Ax AL EFEFH FEH Aol field oxide FA Ae)s}
Vet slokeE Zolth. o]l: LDD spacer ¥AA Agut 2zkEA ol
Eobgsted el Azto] wAste] field oxidesl A ZAHm Yok A

LOCOS(Local Oxidation of Silicon) isolation FAA Asztel 217+zA] 2]

<

oty oz AZrgAde] wel field oxide AFA A2 FA7 g WL
T U A Tl field oxide & gFASHY EFFE zFste 290=

FAHYTY. <I™H 2-21>2 LDD spacer HAIA] A3 over etch HX
2 spacer AbstERe] A SEM AlR o]},

(a) Over etch 30% (b) Over etch 20%

<23 2-21> LDD over etch AXo| @& spacer oxide® ©H SEM AFR

30% over etch A&3 < 2-21>¢ (a)ALolE FHAZtoz AHolE
HEdAY Atgete] flojxRla Ewe] AsldziA] 21z Eo] spacer Absbe)
el Fotd AL B £ glon, o Adgde Anzgos g iz
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olol @ field oxide %¥o] BaAzZtem P wol gl 90|

Ha 9SS B 3 glck. ukdd] o] E 20% over etch A4¥ <IH 2-

SN
—
v

9 (b) A%l HAd spacer A4&H FAE B 4 13 field oxide
Ho] 30% over etch ZARTH Foia o= F7E ALz dddH.

A AAQEYFGL AstE L0C0S T4 A3 F Aspe A7) Azd
Aga Fdol we} field 4bster FAZE &3] Zolrt ded <aH 2-
222004 & ¢ k. Fu=R 7€ A AGFHFE Adstd oF 30 -~
35° 9 Az AL 4L F ARev, AHE i 23 HAEES
2gote] oF 80 ~ 85° E 7 FAo] BiE s FA4ET ¢
<% 2-22>(a)e 71E recipe® AFHEE AT & field oxide FFo|H
A9 oxide FAE o 5,230A8eH, <28 222>(h)E HAE recipe®E

Aot A2k F field oxide B4ol™ A 3H oxide F7= 5,670A A==

! 0184 NOO3 T : *33'4 N002

11272 20Ky K3D:3K"1:Bban 112711 20Ky X308k 11 4bin
(a) 71€ 232 4433 28 (b) A7+ A3}t A7454 48

<18 2-22> Agut Azt FAEHE wE field oxide ¥4 SEM @&
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AgAor FAL field AFTL 4L = U}, ojHd field AT
=AE FAA st 2ARAY FAHFAHAESEL NATeEA stand by
leakage 2% SAL ¢ T YA},

3. Contact 4 F& WA

<2 2-9%>o] A= ¢ 6’ fail £ function BFHOE A FEL e

I

wafer =& map® N+ contact A3 SAge] AJAHE RodFzm ).
7 A

&6 fail B9 N+ contact Aol == HH

Tiglel TiN 744 =23 & dx28 F4& o WHe= Ti silicidation
2 FoZM N+ contact AL FE £ ddewy, ‘6 fail = ELF

AT

110 160 | 240
0 (212 201
300 [160 | Z

o o R | (o o o |- |~

— [~ [~ |~ |~ }~ |o | | Jov | | |

(a) dolss 4& nmap (b) Contact A3 map
<28 2-23> 9o]¥ & 2 contact A3 map
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4. Via ¥4 F4 AMA

<% 2-24>4E ‘5 fail & function ERLR A FE&g TE
wafer & mapd Via AY SA#AS 4#HE BoFn i, F° 5
fail(function ) H$1¢} Via Aol =2 £ 971 dX 35} T
g <3 2-2494 AER EF JT FF FY via B @ SEM
Bt 2 AxE <3 2-25>0] YET. <3 2-25>(b)ollA EE
BH}dt via etchZ Q3] metal 1 #5ufd 732 TiW/AL/TiW layer®] top
Tif o] 2% AZgn 2 2o 9 aluinm FeME FEHoZ
Aztelo] vepd HAAZAA A4S E ¢ Atk olF o] metal 2 FH

82228 29519 via AFo] ZA YA st 290 RRIA,

AS007_CT24
Test Mep Via Mg (08x08)

RN - b>
R A B A
5 sls|atals]s]nls]s
s|s5|s|5|s5]s|sls]|s|s
1 5|lafsfs|s|s5|676)[58]58
5 AR AR A A R R M SR E= ] ] B bty ki o
5 s|sl7lslsielrls]|s]s [ ] Y113 Y IO
1 bl blb|o|blo]blb|[b]b LRl A K R HMep[ | R
s{als{1|s5|s|a|7|[5]{5]5]|5]s vl o oo oo i} v e
E{1|&|1|5]8|5|815F5]|5]|5]% ERN! L 9L 6z | WO R
18l 1 18] 5EMEL |55 0b|b R
ilslefsls|slsisis]|s]s
s|518p&elels]s
aflelstels]s
HEEE

test map (b) Via A3 =A map

(a)

o
fldo

<19Y 2-24> wafer ¥4 2 via AT map
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whebA ol gk EAFE s Hte o7 7hA] A o] o] Fojxen
Aedor g9 FAMNE B8 via AL AHE 5 AU AA via
etch Al over etch A|ZFE At HAvhetA etchHe e FUTt. =4
metal 1 F5mMAY top layerE TiWelA TiNoZ tha] H8TOZA via

etch A HAA AlFH2] selectivity 4SS =R, AR SOG etch-

back FARL JiE AH&s IF SOG EH HEAY EFHeUs

LA

AA At

(a) &% o ¥4

<% 2-25> Via ©% SEM A}#
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5. FFE BT MIC A7 AM
SEE #YW 9rxAY) EZ59 Gads 0.5um  MESFET Az} A=<

Q

>
fl

o)

]

T3 AIE ZESGY. oj¥A AMEd FAVIeEE W9 Gads

MAdstArt. ot F3H Rokx AT

tlo

(7
o
o
s
icd
o)
e
-
g
4o
ol

W

r
=
i
X
il
0,
L

0.5um MESFET WFE=A| A2} A2 Gof &84

7. A= 4 ARAANFA A4

B ARANE HTBVEA M 2AALAN Ao Ao A3

2%

ol

AFAF shdoltt, 53] metal lift off AHoZ AEE

off  ofd

A 7= FAWHNA AZ5214E image reversal &AL FAAFA wrA ojt}.

rr

B A= 7)|& 8] 99 A75214F image reversal T ML Zd)
lift off FAd AEE 73 z24de A} o AP HEAo $H

g8, 283 33 AFEd o FEE oFUT. 2 AN zHAY

05 un AZEL AAHA gx ALE dri: Ho] EAHUL,
<1 2-26> oA E ¢ dFo] 4l
AAdsked 0510 um ACE B AF AJHAH S FRIL &g ¢ F
Ak, I <aH2-2IME 0510 um ALF AClE /AL

AR AL S B 4 ded 742 ¥ Agd 33E 483

oit,
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Ao E A g4 lift-off &4 H&o npgAT FAZY] 4L zn
Aee & & Aot
1.1
1'0 I O\O”O/O/O_\'O\MO‘O
0.9
: ~E
v
0.8 1 - \V/ N —— 2 :
\ /v,,_..-ﬁv
074 | —®— New_1.0um cd _1.45um th - N7 :
L | -0~ New_0.5 um cd_1.45um th v
[ | —v— Old_1.0um cd_1.28um th
PR $§ate CD (um )
3 Q.. O
i Qe Yo SRTUUIIP P o)
o TP O
054 - © ©.
0.4 T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10

Meas. points

<% 2-26> Al FFAZAAN G2 051 0umPRAF FIE
(A FAZA ;-PR 54 ; F.S.S9 4800 rpm
-SB ; 105C, 60sec
- M.Exp. time ; 70 msec
-RB; 110C, 90sec
- Dev ; Auto, 70sec )
(T 3H&7;-PR T4 ;F.S.89 5800 rpm
-8B ; 120C, 90sec '
- M.Exp. time ; 40 msec
-RB; 113C, 180sec
- Dev ; Manual, 70sec )
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£ Wby -E0L! ;Q«”mw.ﬁ'ﬂ%

v

(a) T EAZ7 1.0 um gate 4 ®) FFAZ7 0.5 um gate B

TR AL LA

() A3 A& 1.0 um gate B4 (d) A FHZ7 0.5 um gate F

<Y 227> A F FAZA & 0.5/1.0 um PR gate Profile
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v}, PECVD Agter 54 74l
IEE MIC ARFHE AAFAA PECWD HIg FAF Zspgo)
8 ddol FF TAste TAECl ddTh. ol=F HAAE A
540 900C 22 €A=" FH F g stressol WAGEA B3s=
Aol 7]dEl YEhte Aoz wdEdur. wes oEd EAAEE
M7l Hs PECWD A FF T3 AdLdES . FAEAEL
PECVD Ast=} 52 Al NH; gas flowe} $3 225 FANUSFE WAz,
g A crack T4 FF % 2HE, HAAE & Fouth N
gas flowd} F3 &EZ o7 7}x ZALZ gplitsted window testE
stgoen FQo AFJE <F 2-10>9) JERJT. <E 2-10>9] vpebd wpe}
2ol 71 FA2AANA F&E ZAHTL 30%3F RTA o 9T activation F
cracke] 2AE]Oov}, NH; gas flowE 7]€ 6 scemolA] 16 sccm@ 2
ZAT FF LEF 260CoIA 00CE WL wf 302% gho] o}l g}
Bt RTA o 2§ activation RAFstAE cracke] LAAEA Fodrt.
a3 A3 S4E B FIAES V€ ARG 3 4 10A FE
Hout, 53 44E 19 A%, 22F 1.8 AXE 7|EY Axng v&sAY
FTF FFHE Holm vk &, AAEo 7€ FALE A& 489 B}
W=, 6:1 BOE &S AES FA4ZT dd%rt ddide= oFd
Aoz et 2y 3FE MIC AF 34 3EF activation FA

g Z AFTL sheet-off FEZ FA EAI HA L Ao=

>

=3

AT, <O¥ 2281 V€ FAEAR ANE FAER}C o ST
dae) 24 AHE B 0 e I @A ARen. 7E
FAZAAAE ool Tgol HAHD Yo Add
74 84S = 7 U oA olHE jdE PEOD AEe AL
FEE MIC AR T4 HAse] 7 Aoz Adddnt.

o

o HNE ol

-
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<¥ 2-10> FFEHTZ A MICY PECVD A% F& FAZA w2 94 B4
=7 (Nanospec) 24 A5
& =4 H] I
=3
A | Z&& | Uni. A/sec| Uni
<& FRZD>
i 84.2A | 1.56 2.59 | 900T, 30sec RTAAI
SiH4:NH3:He:Nz2 | 2021 1.82 | 26.1 B
i i WA
80:6:700:300 /min % % film crack 24 %
260°C , 850mT, 50W
900°C, 30 sec &
<A 3AR=D> o 300sec RTAAl film
. 72.9A | 1. 16.9
Sil4:NH3:He:N2 | 1749 1.81 | 33.4 crack A8 ob3F
caeOn - /min % %
80:16:700:300 27 FAL
300°C , 850mT, 50W Do

=
L

|
)

(a) 7}

L
&7

& Ag(Fd

<1 2-28> 25T



S W=A WMIC FFA ) metal, lift-off, contact, air-bridge &
A2l design limitE #2371 93F test maskE A ZFdFom, run AP ¢
=24 AHE 7)esdtnx s}k, Test masks metal sheet AT H7}, via
contact A¥ H7} L metal 1 layer$} metal 2 layer(gold plating &3 )9
design limitE &<lst7] Asted AZHIA,

SEE UA MIC FFA AP WHS o o, FENE
dolHg ol PECVD nitride® 1000A S F metal 1 Jayer =
photolithography &dakcl.  350A targetSZ nitride® AAANZhs &
electron beam evaporator “FH|E ©]&8t metal 1 layer(Ti / Pt / Au=
600A / 400A/ 4000A)E F&sti, acetonedlAl lift-off ¥R L AFatd
metal 1 pattern& #HA3v}. Photoresist(PR)E AlAY & capacitorE A}
€4 FA=(PECVD nitride 1000A)< 5331, via photo @ nitride wet
etching® 2 metal ¥ldo] AZE via hole ¥¥9 nitrideZ AAZ F PR
2 A|AGE.

Air Bridge Metal(Metal 2)

j Air Bridge Post

_ 000

't Cagh e
; SRR

ol
.$9

] [l NN ][] ][ISR &
& i, e o -, y N

m’ o RS G mfffw*' mﬁﬁ” fifé? ﬂ” Wﬁﬁ*"*@fﬂx S A

<Capacitor % &> <Inductor % &>

<13 2-29> HLE MMIC F£FA Test Sample o4 G E
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& air-bridge metal(metal 2) & A ®3}7] A air-bridge postE 3
AE7] 18t ~1.1me] PRS =¥d & =H3tm, A&t metal 2(Aw)
plating Al ¥ = seed §&& & base metal(Ti / Ni / Au = 304 / 120
A / 20A)S electron beam evaporator® &gtk = ol kAl ~3.3m
o] PRE X3 X air-bridge metal(metal 2)& A&sti, Au plating® =
~3me) goldE AN, Lift-off 3HLE PRI 7] dXL= B399
base metalg AAst FTE MMIC FFHEL S}, o3y WHo=
AZE test sampled] A @A FTREF <IH 2-20>9) ERAAT.

<E 2-11>o] AZH sampleol A A metal layer? sheet resistance
e Ve, Metal layerd Adgtel vF ol dWrAQ AH|EE
VDP(Vander Pour) pattern®lA sheet A3& ZAHEY & glow, dol7t 2
BAR patternolAl sheet A&L FAHT + UATH. Metal 19 Rs= ~90 mQ
/sq. 9 < JEY, Lm o3¢ widthe open@/de] BEHO] 1w ot
9 lift-off FRAL define 3l7] odl&g WHFHC=E & & Utk vzt
22 petal 2 Rs= ~23 mQ /sq. ©)™, 2um "W widthE lift-off FHL
2 define 817] o892 < 4 dvh. FH metal 2 width7h #obdF= Rs
7} #olxl= olfE gold plating A SHOZ nmetal width7b F7eke
portion®] AA7] W&ot

<% 2-12>9 via holed] contact A& A< vehAAct. Via A3Ek
o] #ro} kelvin patterndlAE 2R ¥on, 1024719 holeo] AZH]
9] string patternolA] A Fol2g SAPAE vlHE A3t metal
sheet A abo] EatEo] 9itl. Hole sizeZ} 0.5mm ©]8+9) A% via pattern©l
ANZ defineo] HA| o} opene] AR, 0.8um ©]4F2] hole sizel
e 100 mOhm/ea ©]5te] FE g AFEE vehh.
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<E 2-11> FEUEZ A MMICY Metal Layer Sheet Resistance 3 A}
(&9 : Ohm/sq.)

(a). Metal 1 Sheet Resistance

F-E2 Size[bm] | M3 | Avg. | Min. | Max. |Unf[%]| ulx
1| VDP 10 x 10 =R
2 10 %1000 | 100sq | 0.094 | 0.091 | 0.100 | 2.55
3 5x1000 | 200sq | 0.085 | 0.082 | 0.091 | 2.91
4 | pag L.2%1000 | 500sq | 0.083 [ 0.078 | 0.093 [ 3.89
5 1x1000 | 1000sq | 0.108 | 0.090 | 0.126 | 9.80 | 48% Fail
6 0.8 %500 | 625sq All Fail
7 0.5 =500 | 1000 sq

(b). Metal 2(Air Bridge Metal) Sheet Resistance

(9] : Ohm/sq.)

F8 | Size[un] B 31 Avg. | Min. | Max. [Unf[%)| W3

1| VDP| 10x10 SA4E7}

2 10 x 1000 | ABP width=9 | 0.023 | 0.021 | 0.025 | 471 | 100sq
3 5x 1000 | ABP width=4| 0.013 | 0.011 | 0.015 | 7.82 | 200sq
4 | pap | 2% 1000 | ABP width=4| 0.007 | 0.005 | 0.009 | 1419 | 500sq
5 11000 | ABP width=4 1000 sq
6 0.8 x 500 | ABP width=4 All Fuail 625 sq
7 0.5 x 500 | ABP width=4 1000 sq

<E 2-12> FFERE A MMICY Via Resistance =4

ZI(HEY] : Ohm/ea.)

T Size[um] Avg. Min. Max. Unf.[%] H| 1
1 70%x7.0 | 0.059 0.056 0.062 3.20
2 50x5.0 | 0.068 0.064 0.071 2.98
3 3.0x3.0 | 0.079 0.075 0.097 5.79
4 20x2.0 0.085 0.081 0.089 2.86
5 | Via String | 1.0x 1.0 0.101 0.097 0.105 2.50
6 | (1020ea) | 0.8x0.8 0.109 0.106 0.113 2.16
7 0.5x05 0.137 0.127 0.144 320 | 19% Fail
8 0.4x 0.4
9 03x03 All Fail (Open)
10 02x0.2
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<¥ 2-13> }FENEA MMICS] Metal Layer Design Limit Test

(a). Metal 1 Open Test

T Width x Space[um] =3 A5
1 5x10 All Pass
2 3x10 All Pass
3 M1 Open 2x10 All Pass
4 12x12 finger 1x10 All Pass
5 0.8x10 5% Fail (Open)
6 0.5x10 All Fail (Open)
(b). Metal 1 Short Test
TE Width x Space[¢m) =443
1 5x5 All Pass
2 M Sh 5x3 All Pass
ort
3 (12x12 finger) 5x2 All Pass
4 5x%x1 50% Fail
5 5x0.8 All Fail (Short)
(c). Metal 2 Open Test
T Width x Space[um) 47
1 5x 10 All Pass
2 N2 O 3x10 All Pass
pen
3 12x12 finger 2x10 All Pass
4 1x10 All Fail (Open)
5 0.8x 10 All Fail (Open)
(d). Metal 2 Short Test
TE2 Width x Space[um] A A5
1 5x5 All Pass
2 5x3 90% Fail (Short)
3 M1 Short 522
(12x12 finger) X
4 5x1 All Fail (Short)
5 5x0.8
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<¥ 2-13>9] metal 17 metal 29 width® spacedl ™% design limitE
test® A2FHE JERRATE, <FE 2-13>(2)] metal 1 width®] A Lm7}A
lift-off &Aool 98] define & HAFH IAW, <FE 2-11> (a)dA
metal 1¢] Zol7}F 71 A% 1me] AEZo] define H7| oJ#HLEE W 9l
T}, Metal 19 space®] A% 1 ol3telX= BT short7} @AsIF o,
metal 17+ ZHA& 2um o] Boj==of & & 5 Atk vIZIIAE netal
29] widtholl het open test®] -9 Lum ©]5te] 4 ZF open FAo] @
o] design limit7} 2mm 9= & & AW, o2HH dFo] 2um o]l
g ojokat gold platingo] AHE €L & + Ut A metal 29 space®:
2 5um o] dojFHokgk gold platingd] ¢34 metal 23 short7} EAY
e AT = Sl
o] Aol A g8 MMIC AZHA] FFH N design limitE FNE & 9]
oAth.  Metal 19 sheet &< 90 ohm/sq., metal 22] sheet H3-& ~23
ohm/sq. o] X metal 13} metal 2A}o]9} via A& 0.8im hole sizeolA ~100
ohm/ea. 9] #S el Metal 19 7-$ width/space”} 2um/2um ©]Ako]
ZojoF 511, via hole sizet 0.8m ©|4, metal 29 width/space= 2um/5
um o]/go] Heojol &g AT + gder, olH§ ZASL HYE ¥EA

MMIC &3 A+ 2 oo & Flo|t},
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A5d A 8

B AToAE 5.0V 9 3.3V FHAUS = 0.5m CMOS 2A71&E
A A=38k5ctk. CMOS A=Fe] AXAQYQ EA T process parameter, SPICE
parameter, electrical parameter 52 $FE3IY, design rulem A
AAAIAAE ANToZH HdAXZE FH AEd 0.5 pm CMOS &4 2
£2Z5 o]gotd AFE AT & dv 7S npEd

0.8 um ASIC FRNHE J3 L& 2002d s3] F<te 0.8 um
AAFAY ASIC &2k FF F&L 61.8 %2 ol 200149 HF TE9
49.4 %RT 12.4% ¥FE 2HF ez ot ol ds) Ad JigE
Fo IRV tEd g ARRAAREATZ S 9ol 7] AMEFold
AR 724 FUolx AdEE SAMY ZgHem oiAstn old whE
AR IRxAE FESY FARAAREE ALY, LAY
YA71gel AlA field oxided F7 thinning @S MAs7] A&l LDD
spacer /A AbEE AZ4FAH # onitride AAAZ FAHY HAAHE
=5t ®e contact H via FEFAF NHAE EEshr] A& TidA
Ti/TiN T+x=¢ A&t Silicidation 4 3} top barrier FESS
TiWell A TiNe = diAlE s5ud 332 22 Aesgict. 31 3es
e MMIC A7 T IAFE fE AolE TR F4A A9 TEH H
T4 dAFEE FAH Adsien, PECVYD HER & FAE #H
FAMNEE F8 AT F ARG, ok2e FFA T design limitE
2013t th.  Metal 19 sheet A3-2 90 ohm/sq., metal 2¢] sheet #32
~23 ohm/sq.©]3 metal 13} metal 24}o]9] via A¥-3 0.8um hole sizeolA]
~100 ohm/ea.®] e vERHSITH. Metal 19 -9 width/space’} 2um /2um
ol4to] Eojok S}9 | via hole size: 0.8um ¢, metal 22] width/space™
2um /5um ©]/Fo] Hojof &g o & AT
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olge dFAREL TIH o 4F IRIVHA R HD 4 ATHA
o ZWrleEA 288 5 A& BT oyt 9% foundry A LHS

gy 2 mgHel wWEx EPANYN Sdex F PAEFom QB
=

._96_.



Xl

H3E Bl A
|

_.97_






H3& StX AE 29 Jis WY

Al A &

WA foundry 29 AME F FALY 71E Eoke 0.8um 2 1.0 pm F
A Z dlol& ofde] dF AP AANES wEeR wEx FAER
ATFAEE FEst AFY duE: HAFE F UEE MEA J)ES
grstn, F7F2 #RFE 0.5um CMOS 2&AF 7leg sfghoz . 9
Rk, B A 1A 02dEe
AdE 4.9 ZF wEA 25 Ui ddL A" AsE
28t dEhdiglen, 9 W.99 Foundry A¥IAZ 9% AERQY

TAREYL wo]x ool Ao HEHAH A FA(front-end process) T

% ZA(back-end process) O TEFAD, AFAL F 590(g~T) £9L
ddoz AAga FAFZP ge FTAE dUANE FYPFeozA
FH7HE

2

m
=
st

i
>
=
)
=2
o
£
)
Iz
N
S
o
o
o
ot
0y
>
S
1
Ju
of
o
38
e
i
]
o,
e

de A3 3 9 A4 2B, Seke 2 2.4,

‘%_
seterEad 5 2% el BUE 4FFdel #AUE AR F4%
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s, zax AF Quie) wEA 24 2 IRADALE el 2eH=
4, 24 Ame #7F YL BNt ALE BEYstel GRFA Aol

=S TF33ict.
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1 = = [«
NEAFHAEE FATIL dYERiEA #E 4d43d 2 3F¥E
WA #Ra Ag4d= RS 98t v ddYE wEA #d

AFAo e 0.5/0.8um CMOS FA7]=L npgoz ZH dAFHAY
dEo8 FIPFA THE/MA FE FEEAQD HHAA, SiGe &b, MEMS

AAE TEE R AAS W@ ARAY L AT olToimer, 7]

2AA B FAFY T AIALR WPso o]Fofptt. HFgE AY

A AP Ao s Gads WIC 245, 2% F88 4Ax5o a4 4

T

it

THEAeH, YAZE GaAs MMICT g 22 R TS0l AFA
AT,

i

7h. A BEA] A2 8 FA AAAY

2002 AEE, s g4 DEALEE € EAEY AE LA I
Zv% A Y (Fab-in/Fab-out) ZIHE <F 3-1>F <IYH3I-D>o] Yepfisiet.
A E B8 JdddolA F8E run D wafer & L8 step v 27 463

run, 5,205 wafer, 14,711 step ©] . Run ¢ FF+ 30 step ©J3t= unit

run, 31~80 step2 module run, 80 step ©|4& Full runlo® FE3}

L

2353 9v}. module run® EEJF AdA oz =A Jehtzm glo] =443
RED H-oFell B2 PFFo] o]FHE A 7|dd AR FTEHT. 3
3PS BHEPPE ALolEs 523 run, 649 wafer(1,520 =Z), 14,544
step2  F33 Aoz Jebdth. Run ¢ EFF5E AWAHLE full run 9
g2 HFS AAFdT JEd o FEFAV B7] dEd veEd A3E
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sugch, £g 402 By A9dd He dol® £: Hou} run $7
dojAos Be AL rm@ FARE AolW S A7 WEd e

Adtolct. zEn EAELMAFLAT 1,205 <4 A 10,142 AEE
BARY At <39 F2dAe BAFHAY AuE ol8xE
uebd Aoz SEN M9 o] &Ee] P w1 AW o] &x=7t AHiHLR
g R Ao uehden, ofgd 2001dx ] Z el W@ ol%

<¥ 31> 02d® ¥lExR] AFYPA JEXd A

T Fab.-in(A) Fab.-out(B) AeE

PR 2= . = (Out step/
_:_Z]‘ = Run< Ygrz]—r StepF | Run<® \?’)a ;t_ar;}* StepT step)(%)
]
}j—] Full run 30 349 3,377 | 36 391 4,170 283
Z
¢ | Modularrun | 124 1,068 5983 | 119 957 5,643 38.4
=2
2 Unit run 312 4,276 5213 | 308 3,857 4,898 333
-E,‘::]' ............................................................... v e e e e b s i e e am U F U
Al 2 A 466 5,693 14,573 | 463 5,205 14,711 100
ot Full run 72 94(184) | 7,469 | 62 87(137) 6,243 43.0

5 -

"

i Modularrun | 129 | 95(416) | 7,145 | 108 80(329) 5,650 38.8
&

a Unit run 380 | 559(1,142) | 3,269 | 353 | 482(1,054) | 2,651 18.2
=

E

2 A A 581 | 748(1,742) | 17,883 | 523 | 649(1,520) | 14,544 100
c @A Tyoa | 6441 A KR .. S (L :
R et \ e o | B P

EARH 44 1,205(AF), 10,142(A BF)
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[ AR ]

3,000 -
2,800 ~
2,600 4

2,200
2,000 4
1,300
1,600 -
1,400 4
1,200 4
1,000 -
800 -
600 {------
400
200 -

RUN==

= . SN AnazAES.

22| 2Fab. HEtEFab, bt A

ek, B

—— = T

14,711 14,544 10,142 39,397

—— RUN =

463 523 1,205 2,191

1.000
300
800
700
G600
500
400
300
200
100

-

<19 3-1> 02d= AgAE 99

et il it

I
i

g " )
e i e P

3T
o o

RE® SIMS REZ ESCh TEM XRD SEM

45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000
5,000

D019 =

182 494 35 171 199 534 |8,882

O"p2d T

415 450 152 200 132 564 g,1A/3

<1¥ 32> EAEA FHE o]d EXE

Ol
Hr
oX
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v e wiEA a2 2 FA AFAY

7) B8 0.5/0.8 pm CMOS T4 E Gaha MIC &AAA7|=E vl o=
Q9] WA/F2NY 2 A, AFE #AF wEA &AAFG Z
FARAALE £}, 2002 A= AL GAZAU A =7 JFET
2 5 23 A JAG siHdel 97 o] o]FojFon, <& 3-2> M=

_E’__
Ao BEH 9 QAT HEAQ AHE ERE Aot

<E 3-2> 99 9xA AR Y A

gy | A% |Aaga ww| Aaus Agas |
Aurg | q4erENRE] 0.8 um CMOS | AFA} -] ASIC A
FAEA| E Az | ASIC 71&E | Aol Vs gl
@Aatg el | 71 A=A % | o] &3} met FARA 53
AA | A= Al Chip & 10,000 7 2 ok 50%9 YU}
Fupegt Az AJdo] | F AF A7t A8 9§ ¢

237) e A1 gol AAH Y .

FHES) | RF #E 22 |0.8m JFET | AAF 359 RF IC

AeRe2 44 2 | aAAR | el Asga | T
ez | O | AR BESE V1eg w38 2
S | E 2R AASARA | clgsel | AF Aw
A8z wEd 2xS 288 A9 | SQUA xR 2 | @
2t | A= Adel |doine |7l AAE B3
ge A% A d
NeH | TIAR w3 2 | EZANE BA ug | T
2ab | ARFGAEA | B BAL | (F 4050 A K) ot
Az olel Bog | 40~50 Fol| | FHEgle] ABT
EEAA | FA- | = A, Z4A 1,500 | FA HEo= X7
mz AR |8 A, |3 N8B | Agel sbsEA
=i A AANE Tol | A% N | Dol gt A&
2ge | BEoiA| Aol 4e
g 25
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T AZ[F 24 D [ HG2 ¥ |ERI ABAL olf
2 PCB|PCB 4dAE a4 FEE |t Fiax =
y 1% | AToz sH= | AAHPD,LD) | H7A 7lee e | B
BN A%, | mARaEA | AdEAe s pE 2E o
=P , = = | oL AR T gt
7T gz | wEs e [ A9g SUUA &3} 2 =
A7 Az 2 ) Ne AAE &Y | =
ANHol gg
%
WM FENG AA | GaP/Gaks | BEAE  FFAR
FENL|2771%¢  |HBIMNIC | mRriby REY| 2
w | FTAR AT WA | r)&e Adz  Fdgaz| |
Ao | TF | 71ULEA & | olgste 50| At AT & Ak | ¢
= 2 (7% gy | e AHe | ARE B4 of
23 |3 Az:AE] | AF A
AT

uhek 32 7o), A7 3% 3UlE F 24U E, FYE FAFAE = LE 3F 39,
1

off
PN
(o)
N
=
3
ash
(i
%
Jo
off
Jz
®
o
Iz
i
[z
O

=
o
=

o
ofid

F718¢el AW = BB AA, sourced BE = uAd F§, AFFTY

oY 2 HH WA FY dLARPNE FEIGT. o4 g9 FIEE

1% A B FEAE A B AT A5 GOpgAnr)l 2137002 AA

FA4 38749 o 55%2 JMg ggen, ©hee e 574, 3= 324,
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<X 297, AF 274, J1A 174, % 1171 £o= ey, I8a
FE AT QoM e o] 1,978A7F, TR 922417k, B 2E 522417,
2EH 36447, 71ERE 356A1F, Z1AIR 233417, HEE 196A1%F, FEhR
A o2 deigt. 13AFEE A 7 FEAE AEEE WA
AFE7} 341002 71 A vetsed, o 3EE 37 2894 Dy
etcher #13 #39 Dry pump®} Turbo pump®] FFIo B Alzto]
£2HA7] wWEolth, FHAL FFFY  FATe]  17.84%o=
el =, o]l: A& PECVD #2 2w B(BPSG)Y Liquid sourcef LFCY
injector overhauld] -2 AJl7Zlo] AQF3Z7] WEojt}. MixEs 32137}
16.3A)17F A28 F=d o] A E Furnace #11 Tube®] PCB 2 3}3HE
Alpha step®] Video ¥# PCB =8| Alzto] @o] AQHY7] fiolrt.

9 Al JMEE F 7MY @2 AHls 4ZEE Ilon-implanter w7}
Bell 49 vacuum leak F°8] To2 <39 84.2%2 71F Eshon,
b2 PECVD #2 |2 85.3%8 Ebuth. mek A& LPCVD #32, #34
Tube®t #¥E Dry etcher #3(ICP) A¥|7} 85% ~ 90%= Epwtow, 2 9
Fuls 90% o)de JteEe Y. 494dE FEIHE HEE B9
A JtEgo] &7k w2, FoAu e HH JMEES <F 34>
Hiol A ELEE 95.4%, SAELHA 97.7%2 A7 Yrtuot

Yol A bt mieb Zbo] I-FBZ(Turbo, Dry)7b 23 245 o=
AZAE FFA ALY gFEFIYE dled B 77 2e5a g
olzAd HAESF ZigHou = FHI[A H/N HeEC A

Neoz Jdu AFPxe] HErt g,
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<¥ 3-3> ¥V=A FEEEE T2 IA

i1 F3E A F 33 E A A A%
A5, 58 Ak 2 ¥ 2 # A g A7t
3 = a T 25 7 32 16.3
FHPA 7 420 .4 101.6 522.0 '
A = |2 & 14 13 27 341
T A7k 288 .1 633.4 921.5 '
o = Z T 8 3 11 17.8
FHAZE 184 .7 11.0 195.7 )
e x |& T 21 8 29 12 6
Ak 335.0 29.1 364.1 )
2 A A T 16 1 17 13.7
o= RS 227 .4 5.5 232.9 )
3} 8 al % 1 - 1 5 6
8 A gt 5.6 - 5.6 )
1 8 |&A T 48 9 57 6.9
S A 221.6 134.3 355.9 '
qurAw |4 T 140 73 213 9 3
Z 8 A gk 1,706.2 272.0 1,978.2 '
A z T 273 114 387 11.8
Z 2 A 2k 3.389.0 1,186.9 4,575.9 '
<FE 34> FQ FARAAW ) FEAN F IFE
Ag & J1EAIZE ¢ 3,055 AlgF
gE 7|EARE - 3,084 AZF
T+ 7 T 84 Z=Z Azt | H/W 7FEE (%)
Ag= | F2 An|(249) 273 3,388.6 95.4
AdAd | 7]er &) (24d]) 25 249.5 99.7
gagg | 7L FNard) 114 1,186.9 97.7
2942 | 71 Au(194) 14 180.0 99.7
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A3d A FEE ALY
1 wr=A 8y 9

HEd FE4Ede ¢AS &, FEQIE1 T, 5085 %) ¥A
FAY AAEEZ 2 E¢T FAYAAM FFFYe] o]Fojdrh. ol
g3 FA H&AE FUASY], FAE vy, EY9FACEE,
Bd)9 71gd Aa, i, Fi, 2 T, L ©E 457, AT,
Wz 59 FFol dF FFE o|FoAm glen, d7]d LQHE F
qUAE A7), EANE, Ai Folth '02 dRdye T NEANE
AF&9d T 9AV|EATLY 2o FFH HAdFH AFELE AWA
24 Fgol olFojFow, ZAFE HIEAHTE AHE ATAAHIY EF
AR o&) 71EE @& =54 IC tack Furnace®] 5 HAZ: A4
MOCVD(GaN), E-beam Litho @TFAHF 209F°] F7F AAH A7,
EA Tk, A2AMEFO] FUkstY. =¥ F 54 RF: IFAAE
gaste], FALPl e HFL ok, FE, dF VTde FA,
FZ/FEdEAuE  AAsty  sHEsn shEE FUstd WEA.

WRLEAY AT AN #AHA FodME 4P ¢9E §to] oA

lod

v4S  "ARg £ duck. AR d¥4d FhEAdR ATEY
AT o] 02 Yk 8 €RE 12971A FF AALAELE Uste], 01
Ao HlE 02 dEele H7] AHEEE 3 %, EAIZRE A 6
Ar ARFE 4% A7 ST EA FEAEY B dHEFLFLEY
AAAA dux REo] AMER datd glo] B BFE AASEER
&2 ®olx o] Fast, o& Yald oA dgol @&
exAu)e] g A&AQ] Heko] o]Fojzer ¥ FoE APHT. <X 3-
559} <29 3-3> '01/'02 9% WA Tz, FEdE A6y FEA

oAk AL No] A F AFHL vRF, TATRA, i dE AMEH



#@&2 ecoksto el Aok, 22al <E 3-6> - <& 3-8

Ax=

02 E 98 AY, EAZRe, A4S A8E 01 Wxs wmsd 7z

YER L}
<E 3> 02 dE HAE, EAgbA, A4 AL |8
d A EATEA Y ENEEY z A
=
*]—%%(kWh) A]’%%@% ‘A]'_g_eé: /\]—%—%—Qll:' /\}'_g'aél: A]’%%O_]IJ (j—] -.0-'.])
= (A4) (m') (A (2 ) (A o
'01 |12,140,422 | 1,117,647 | 369 9g4 | 214 797 | 1,779,079 | 373,607 | 1,706,051
'02 | 12,526,359 1,133,793 | 393,207 | 205,126 1,847,903 { 388,060 | 1,726,979
14,000,000
12,000,000 o o
O0d= 7 8=dh)
10,000,000 | O'weds] AP AR (m)
~ZAMEERL )
8,000,000 |- AREEA(Y
6,000,000 |
4000000 F-1 BB ------- - i
1,779.079 1,847,903
2,000,000 f- - 1,117,647 1,133,793
01479706, 126 373,607 388,080
O L i L L ! | —— e | L [_m
N FENETEE  EATRREEY AarlgEd

|

<a¥ 3-3> '01/'02 & HEH, =AVEE, i AHEH H AASEY
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<E 36> '02 d= 4 AH AL AH

2 01 UE 02 WE 01/'02| H m
W | AEE [ s | A8F | AEed
(kWh) (%) (kWh) (A4 (%)
1 929,928 | 82,291 | 1,023,020 | 90,220 110
2 872,836 | 78,071 | 922,391 | 81,734 106 |99 11.05
3 950,363 | 83,802 | 1,009,020 | 88,137 106 |TE
A7 F
4 943,801 | 78,749 | 992,463 | 82,110 105
qE 6%
5 | 1,021,496 | 84,117 | 1,037,929 | 85,251 102 | o1
- 0O
6 | 1,050,949 | 86,150 | 1,092,908 | 89,049 104
274 | 5,769,373 | 493,180 | 6,077,731 | 516,501 105 | Q01115
3
7 | 1,218,794 | 142,927 | 1,084,300 | 128,649 89
A7 F
8 | 1,185,105 | 139,350 | 1,160,395 | 136,727 %8 |mz 3w
9 | 1,087,860 | 88,701 | 1,102,828 | 89,734 101 | 9%
10 | 940,967 | 83,107 | 1,061,161 | 91,993 113
11 | 957,078 | 84,298 | 1,005,580 | 84,077 105
12 | 981,245 | 86,084 | 1,034,364 | 86,112 105
27 | 6,371,049 | 624, 467 | 6,448,628 | 617,292 | 101
B | 1,011,702 | 93,137 | 1,043,863 | 94,483 103
A4 | 12,140,422 | 1,117,647 | 12,526,359 1,133,793 103
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<F 37> '02 3% 99 TAVFA AMR @3

D) 01 WE 02 AT '01/'02| B} 1
1 A8 A&7 A& AHE-F o
(m) (4 (m') (A (%)
1 72,348 42 568 61,571 32,980 85
'01.1.01.
2 42 175 24,840 52,365 28,053 | 124 | 2©]499.6
3 95.040 | 14,750 41,919 22.462| 167 |©
~ 534.55
4 18,795 10,597 25,500 12,418 | 136
A ol
5 20,240 11,259 21,354 10,403 | 106
6 16,419 9,138 19,266 9,380 | 117 '02.1.01.
B E)534.5
2 A 195,017 113,152 221,975 115,705 113
5 o
7 20,697 11,512 17,405 8,485 84
-+ 486.55
8 18,128 10,086 14,422 7,034 80 9 olg}h
9 18,517 10,302 19,254 9,383 | 104
10 21,619 12,024 25,888 12,607 | 120
11 34,307 20,702 44 932 24,911 131
12 61,679 37,019 49,331 27,001 80
A7 174,947 | 101,645 171,232 89,421 98
4t 30,830 17,900 32,767 17,094 | 106
Z 7 369,964 | 214,797 393,207 | 205,126 | 106
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<E 3-8 '02 dx 98 FAiVtA AR W3

2 01 WE 02 W% '01/'02 )1
w | AHEE | AEES | AR (AT o 7(%)
(=) | (AL | (") | (HD)

1 | 134,531 | 28,251 | 155,043 | 32,559 115

2 | 147,696 | 31,016 | 137,663 | 28,909 93

3 | 148,188 | 31,120 | 153,898 | 32,319 104

4 | 147,562 | 30,988 | 159,551 | 33,506 108

5 | 147,615 | 30,999 | 157,196 | 33,011 106 '01d114
6 | 148,314 | 31,146 | 163,002 | 34,230 110 9% =7t

Z74 (1959

2A| 873,906 | 183,520 | 926,353 | 194,534 | 106 A 21090
7 | 151,694 | 31,856 | 137,962 | 28,972 91 17

8 | 154,333 | 32,410 | 156,164 | 32,794 101

9 | 160,654 | 33,737 | 147,611 | 30,998 92

10 | 134,558 | 28,257 | 164,704 | 34,588 122

11 | 150,608 | 31,628 | 164,264 | 34,495 109

12 | 153,326 | 32,199 | 150,845 | 31,678 98
27| 905,173 | 190,086 | 921,550 | 193,525 | 102
M| 148,257 | 31,134 | 153,992 | 32,338 104
ZA | 1,779,079 | 373,607 | 1,847,903 388,060 | 104
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2. N9l 4 & By

WEA 2 494 2 93 2940 2F A7 2 2 AFANE
Az} BEY ZE A4 §A 05 0] o) Fo] Frk 7)ol 2F A7), B
2 AN, S2E e 2 FRAEdE LaE) 5 Uae AdE0 £F

g}, <ay 3-oAE A 397 o] okl A9¥ FAS eI =

ook

g '00 Ex ok 2,15 94, '01 W% °oF 3.87 9, '02 dx ¢ 10.5 94
02 Z7EE AL & F v <& 3-PolAE 02 dx HhEA] ATAE(
AFZE, AATF, 5497%) 24 2 B¢ &S YEIAT. 02dEols &
5279 APL FHsigoern, 194 o 2ed HEAY FIYeEEs
F 484 N&Rl o

MOCVD(Gan)AH] k=AM =2 v & A X -FA 3
A 4 Fr}, 283 Deep RIE FEBHE B X FAF Fo] At

©
B~
olft

1,400,000

1,200,000

1,000,000

Tl 800,000 f---c--mmmmmmme- . L BT

00 600,000 f---emeenomnnoe T L AR R

400,000 |- b A

215076 |
200,000 |----- S S N

00HE odz 02H%

<39 34> A% E ANERG A8 T
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<¥ 3-9> 02 4% WA ATFAIAE AA F 2 L

9 M E
(H4)
1. 5% BE A94=4E% A% 4% Mg FA 44,000
2. 5% BE Agd A7y &/Ygvhur] A A FA 42,632
3. 2% L0738 AgAxAE 9T A% BT FA} 20,032
4. 4% 3% SAAEL LAN F2A A EAFAE 2,250
5. 2% A9 42858 AHU(GGE) WAA4E 58 3,650
6. 252 g5 AHUE AFA AN mA 52 8,500
7. 4% 3% AEL Az"dod 4 FAL 114,098
8. 4% 3% AFA ¥ A F2 A 94,437
9. 4% 1% NOCVD(GaN) Ao w2 AdFd T4 22,458
10. 4% 1% MOCVD(GaN) &=7] i@, =Y, dH 34} 24,137
11. 4% 15 547t ARS8 CCIV(3H) 54 FA 11,590
12. 5% B% A¥4 A7 4 FAF 42,298
13. 2% G% BS A434d A7 4 FA 16,717
14, 275 L0935 HAEA 7] T4 F4} 16,593
15. 2% A4 ¥ AALY & B TA 16,866
16. 722 FAZA AQ24)(UPS 10KVA/2KVA) mL A 7,900
17. 0il Free Air(1007}8) Drive Shaft%s %% T3 4,500
18. DI U/F A Pump T E ¢ F°¥ 4,135
19. Helical Etcher®dH] B57t2 wj# AX|FA) 42,943
20. Deep RIEAH] E47t~ Avjdl 2 wjd 4 X FAF 42,331
21. MOCVD(Gan)Zd¥] 7FAAH 2 vjg M) FA} 132,601
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<F 39> - Al &-

=z ol
H = @ |
22. ANl A FH kA wld A FAL 8,096
23. PLDAH] SF7hs wilg "X FA 5,935
24. WA AAE2EAE SR 7] LA FA 6,500
25. o] 2u¥rA 2 A9 wA 7,500
26. As-Aed F=Z wA 2 fFFA 9,504
27. AFAT FANA Y 2,165
28. 4% w|Ql AFScrubber® 4 Z of A A 9,810
29. FTIR 22 ¥ 4X, 2% DIV® EFEAL 9,348
30. Deep RIE 2 ElM & A AT A 13,543
31. 9AAFA pPLDAY] (2t]) ] He N2,PCHE A FA} 3,852
32, 2% 29 GOSZ Wet. & 4t 43 9,796
33. MOCVD(GaN) <] 7d, 7] FH| 5 ol A XFA 37,929
34. MOCVD(GaN)“gH] #E Hgdgete] A 2 AXF4A} 8,204
3. 4F1F AFAPE EYE 1135 FFF A} 9,471
36. Gas scrubber 2ti9] mlaY|EHE X 3047 A F48] 1,703
37. W& bath S8, AFRIAT AFLX 1,480
38. WIEATEAHE Y =5 GY] ArF/E-bean®] 4F A, H A 3,901
39. 5%G% RF-T-AA 22" 8 wet station 2] 1,831
40. T AF 3232 DEF,PECVD fE 2 E wl# A XFA 25,300
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<% 39> - Al %-
=L of
H S @ |7

41. 4%53% S8 frezgud FA 22,069
42, 4515 MEAEAEGET HF o|FTe] FAL 3,895
43. 2%163% Pr.Asher® 3F A FA} 2,716
44, 256105 294 FEIEH #iEIA 24,968
45, HEASFAH A 501 GS(Spin coater )T 2,289
46. BI=AFTEAPAY SFItE AAZA AR4A 4,802
47. E.beam— Litho. 779 o], Free doors 7NZA A 6,785
48. 4% 3% Working storage rack 33d] A|=d = 50,657
49. 4515 YAAEL S57ts wFFA 30,618
50. &7] Wet station(ZTEMOCVDE) T 4,680
5l. 4% 12 YA2Fd RIP 2 E vl wA e 2,470
52. WFEAERAHA P-5000 scrubber 915744 DI A% 3,593

Al 1,050,038
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3. 374 &g

WA FEAEAAA AEEsE Z4E 98, FeerE, filsks
=450 o dr|FeR wigd ¢ wEdE W dx 2 FEsAd
TSR] FEF olg kHsA Aelstd Wi L wE gdemd HHI

)
o

g fAsEH agBee 240 Ak, 2ol BAH A5 2 HrlRe

18] @2 <E 3-10> T2 EEH B4 A8 & <F 3-11>0 24z Yehuigith

T

<E 310> '02 = Wt FEAFA H4 o HUE Ay dF

KA o 2= GFEALEH 275 H 7] E LA Micro A B
4 (w) [ "NeOR [ Bel | oy [ A [718A | LS| T
(kg) | (ksg) (ke) (ke) -

1 1,181 107 111 | 3,480 | 6,280 7,330 140 11

2 957 92 96 3,028 | 3,270 | 1,580 168 8

3 1,215 113 117 | 3,536 | 10,230 | 3,480 168 11

4 1,212 110 114 | 3,032 | 6,160 | 3,090 168 10

5 1,178 105 109 | 2,980 | 2,830 0 196 11
6 1,020 96 100 | 3,208 | 7,150 | 7,850 112 10
7 1,185 106 110 | 3,840 | 6,070 | 8,880 182 11

8 1,110 104 108 | 4,412 | 4,400 | 11,870 182 10

9 1,235 107 112 | 4,280 | 6,100 0 210 12

10 1,540 145 151 | 4,868 | 3,080 | 10,120 196 12

11 1,396 129 134 | 3,716 | 5,780 5,560 126 12

12 1,216 112 116 | 3,700 | 6,190 6,730 252 14

oA | 14,415 | 1,326 | 1,378 | 44,080 | 67,540 | 66,490 | 2,100 132

Y3 | 1,201.3| 110.5 | 114.8 | 3,673 | 5,628 | 5,540 175 11
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<E 311> FE24E2 B4R

5 -~ WEF871e 2445 ¥ a1
NO ° (39 : ppm) | (&9 : ppm) | (1T W E)

1 PH 5.8~8.6 6.86 71 &%k ol
2 CoD 130 5.36 4.12%
3 BOD 120 12.82 10.7%
4 5SS 120 3.59 3.0%
5 N-Hexane 5 0.41 8.2%
6 Phenol 3.0 0 0%
7 CN 1.0 0 0%
3 Cr 2.0 0 0%
9 Zn 5.0 0.14 2.8%
10 Cu 3.0 0.05 1.7%
11 Cd 0.1 0 0%
12 Hg 0.005 0 0%
13 Ph 1.0 0 0%
14 Cr+6 0.5 0 0%
15 Mn 10.0 0 0%
16 F 15.0 1.38 9.2%
17 Fe 10.0 0.34 3.4%
18 As 0.5 0 0%
19 ABS 5.0 0.19 3.8%
20 T-N 60.0 3.84 6.4%
21 T-P 8.0 0.36 4.5%
22 PCB 0.003 0 0%
23 #71¢] 1.0 0 0%
23 Tri.C.E 0.3 0 0%
25 Tet.C.E 0.1 0 0%
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WEA FgAP Aol

(L

A aAAEARAN eFHE 72E 4,
FAsEo] @ #HHL Y. QrldE 93 $E9 d¥94 AAE
FAB7l e ZHREFES 2EEFH J]EAQ] WAL, viada, Fg 5o
F7t2 X¥HY. B3], §l, FAE JEYRELS NEx AN
ojFAAE ZF A 2L AFEEE HAPIASE EBokEA wEA
THEAEAA &

de $2. FE¢ BENOE Ax BKE AT Fad 9T F
2

o
Fo
>
=2
B
ko
it
rlr
)
)
i)
2
f
&,
i
O}N
)
x
4z
i
ol
=

shpeld. B3, a8 wmaA FgAdLe @
ATAAE SNk HE B0l gol AR ATAA Tl BE FFD
5]

ATARS] AAGRe} ATFY uF B By HaH FFFY

AERARCHNRE, 2RAAR, vafer, FBHE, gas )0 O A
gus A7PY 1% D e BLE FYREY Fu, em old
RES 4¥sA FFHs AA Besy. An Beede A%

4. RAEE FA7lo) FFFIEA AR AuTL BRI dsto) =497

<¥E 3-12> '01~'02¢d% AEA 2 ASE ALY gHE

(Bh91 1M uhel
72 T UHY DYSLEY | HIHUEY A oo
59 20019 | 20024 | 20019 | 20024 | 20019 | 2002w | ooord | ooozw | BE
9o 7 130 | @ 35 B - - 165 105 16.9%
5T 2E & ! 8 80 80 0.1 0.1 177 ¢ 168 26.7%
224 22 20 g ¢ 26 29 26 60 (7 11.6%
ARHRER | B | 84 108 7 10 | 147 | 198 | 31.08
SPARE PART 70 &9 4 1 20 16 94 | B8 13.8%
g: vA | 965, 39| z220 ozl ’_56»3(; 52| ‘643 . 622 | 100 .
EHGesn s EANA AG e

- 119 -



w9z 2% 4 RAR AHSFE FE8n AnFE sded 9B oz
AuFe FASAG. <B 31222 4¥4d 2 A ARE ARGE001
029ES WFEE Jegen, <oy 3-5dAE C01g C02dEd

0
£ ALg o] Bg £ES vaste 2z Jeh

300
290
oF 200
[=]
El’
5 150
rin
~ 100
50
U Moo | sews | SAx |A0A5E| g6t | = A
e JO0 S T 165 177 B0 147 g4 643
v DO2E T 105 166 72 193 BG B22

<18 35> 01~ 029 FEE AR B¥ e
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Asd 4 &

02 dEAE 01 dEet Zo] F 5 d(d-F) AFZTAE =ZYUstdo
&3 AP EgGo] o|FoAEE Frt. 02dx HAEAY FAHLY
Lokl M e HelE #8 AEAox 463 run, 5,205 wafer, 14,711 step
ollon, s3FE FH AHM)AM 523 run, 649 wafer(1,520 Z7}), 14,544
Rek. obEE SHEHEEHAE 1,205 92 A 10,142
AEE BAEY AdEoen, = A8 wmAax 2 FAAGLE
gl ZANE F 23 AAV @l 97AE ALEch. T A
FART Foks nAFFEE A5 2 FYUNE ZAls) B A A
dAgulzt 213 AeE AA FElng 387 A o s55e: Hhe AHE
gton, the& 7t 57 A, 32 32 A, 2% 20 A, AF 27 A, 74
17 4, % 178 £o2 vewgd. 28 Ak oiM s oAy
1,978A1%F, RAFE 922717y, B 2R 5224)7F, &EXR 364A|7F,  7|ElE
356A1%F, Z1AR 233A17F, R 196417, FEkR 7AIZE £02 UEbgrt.
A48 Fogn HF NEES HdE HAPHo] 954 %, FHE
AEHdo] 97.7 92 JEbwTh,

Wez SEIE LedRols 02 YR E F wrAArge dTr9 7
dH7I#dTaY 2] BFEH] AFAR ATFHES Aux =4 FYHo)

W, SA47t2et H547b ARE AFAE|Y BF Algd o)
7MeE W& =% A IC tack Furnace®] 5% AT AT MOCVD(GaN),
E-beam Litho A7&H|S 209Fe] 71 HA=Ho F 54 HAF ZFAA=
AT i H§ A= Eysta , '01 dx= Hs] '02 dXelEs A7
AHEEE 3 %, EAVEZ ALEHR 6 %, B AMEEE 4% 242t Fobslgc.
Tl drEA FRAEA 2 O9F Agdd ZAF Jd7AW Beg o
A =R #dd Z4F AE FARS F3Y F, A7), Svrs A,
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FRPE Y 2 TR S LAFAT o] o 10999 1 $S T 5271
e st 19

shatebE, Rt E@E0] stdoly WrlgeE tEE W dA =

2 WEA FEAELAA AESHe AF AR,

£ olg GHFA Astq WEFo=A A

R VT =
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S -
:10
é'l‘:.".
_o‘g
X
52
f

274% $AHES auc. T@ AL BY 9¥ A

2

plase]

WEA FRARLY 29, A4 Aa8E A, BFAE D AF JURE
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M4z 28 & 2ME

£ AFolME= 0.5 um ASIC Aol &-go] 7453 0.5 um CMOS &7 2

ol

A7l M. ™Yol 3.3V &4 5.0 VY F FFY 0.5 um

CMOS &2+ 71&g E5F Mgsidc. dF 27422 COM0S 229 AV A

527} process parameter, SPICE parameter, electrical parameter &
FE6to], design ruled} A HAXNAAEZ AAFALH, DA F9
AL 0.5 pm CHOS B8 L £AE ol4sld AFL 4AE 5 P& 79g

sha sk,

=7t AAY FRAdA A FEAEL dFAEE 283k 99
foundry service® AlF3ti A+ 0.8 um ASIC &L 4H57) s
AMARANTAY &, 78S 8A7)E, contact 2 via FE2AF #AH
#5448 471E Fol TAMA € LS S5l o)F Ba 92 20024
3 FUY 0.8 pm AATFZAL ASIC 22 HFE FEL 61.8 62 o=
200139 o &9 49.4 %R 12.4% F4E AHE JERRTH. ol
etE whEA MMIC Az I GASE A8 ACE pEw g AY

O
C

T8 %2 FAH AfEE gAY AFed, PEOW ZAidY FdE EAS NAg
FAME]l o)RAAHTE. EFF ZTFHY HEL E3] design limitE

L 02EE AEA FAHLY HokdAe AYE By A9 463 run,
5,205 wafer, 14,711 step ©olgle™, FHYE #AH AFHAA 523 run, 649

wafer(1,520 £2}), 14,544 step& FH3IHTE. ol EEAHEAMAHHN=

o

1,205 98 Ao 10,142 A5E EBEAEY AYsew, e

e 3 FRAFGLE GAZANE T 234 FAu Zgdd 9rAL
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Adatger. 28T e FARS Eoke nARIEE A5 H NS
ZAME B Ad A4 ourAu|sh 213 oz

55%8 Afrsl 7 wgen, d¥4dE Fo gvie B¢ vhEEL dEE
wE EA Adgdol 954 %, FFgE NEA #E HPdo] 97.7 %2
etttk wEA FdE 98k 02 dEdE T iEAAVE
ATat T dA7IedTLY 240 TEH AFEHR dTFds AHA
4 Aol oFojFen, F 5¢ JAFT ZFAANE JAF ddA HE
APNE &5t A7 MOCVD(GaN), E-beam Litho A7gH|T 209Fc]
F7k AAEe], 01 Ao HlE 02 dRelE A7) AHEHE 3 %, EATFE
AFEEE 6 %, Aa AMEFE 4% 474 TUE. EY 2 d94dd 4F
AFgH B R A= d8E 4F A FARS Fo] 10999
Hl o] 2850 527 A4S FHgUch 2gn WEA FFLRLAA
AHEEE A% 98, #FReE, FIA7tE =dE AE R #E aEa
A7t HEAH=E Hol A AHF SR BHE AR, AL #Y
A7l R 7 dELe 29
Chlhe

3
290] =S 0.

8] 2oFEE A, HAANE 2 =

g £ FFE A440] 74 dAFo=M &4 4¥4L

=

o
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