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ABSTRACT

This thesis presents the fabrication of vertical structure P'-N-N" power diodes. The diode
was fabricated on Silicon by using CMOS technology developed at Thai Microelectronic Center
(TMEC). The distinguish feature of the proposed method is to fabricate the device on silicon.
Furthermore the floating field ring (FFR) structure was incorporated in order to increased
breakdown voltage during reverse bias. The parameters of interest are the number of FFR
designed to be 2, 4, 6 and 8, the spacing between the main junction and FFR designed to be 5, 10
and 15 pm, and the number of metal on FFR designed to be 2, 4 and 6. The circular and square
shapes of active devices were fabricated. These parameters were used to analyze the leakage
current and breakdown voltage of diodes. The diode device was fabricated on N-type (111)
silicon wafer 150 mm dimension, 625 pm thickness and resistivity 120 €2.cm. The experiments
showed that the effect of the number of FFR toward breakdown voltage. The Breakdown Voltage
is increased by increasing number of FFR. Moreover, increasing the number of metal on FFR
reduced the leakage current. The circular shape diodes had higher breakdown voltage than the
square shape ones. As a result, we could make circular shapes 3.143 mm’ of active devices,
breakdown voltage of 956 V, leakage current of 20 nA, with 10 um of FFR width, and the
number of FFR to be 8 and spacing of 15 pm. At junction depth of 4 pm, the device has a build in
voltage of 0.6 V. For these experiments and designs, the devices achieved the targeted
specification, and hence, FFR design can be used to control the breakdown voltage. The

fabrication technology of power diode can be integrated with integrated circuit in the future.
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g =1z Qﬁlaﬂm@u (Electron charge), In@ = z fiInw, ; f, = Strength of the oscillator.

% g z
@.= Frequency of the i" electron, f=—; ¢, = mmwwmsmﬂuqmwmﬁ (Velocity of
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Vi =

Pra| + |¢Fp l (2.8)

a =1 ad o
Glu]Ji!'Jﬂ!lﬂu ﬂ’nmi’fui’l’uﬂmmaﬂmauﬁlutmnmmmm'lmﬂu

—(E, ™
n, =N, exp [(—;J——Fl] (2.9)

& = ' =) é Y o d"sﬂ
Faonnsaeuag ludnjlnuunialaaeil fe

B IS
n, = n, €xp [—-(—lsz?——”—):' (2.10)

& a a a [ Jsaa a a o @

¥ n, waz E, o anududunimvgdunsudauagnasiumlosiounsudamuiidu 010y
o v o a I

fmuadng ¢, luuSnaonldilu

q99p =Ep — Ep (2.11)
S ] Y o dyd
aUNT (2.10) 'E]'mﬂzﬂlﬂuclﬁll"lﬂ JU 1D

ny =, exp[——— (Z?F" ) } (2.12)

o =] n::‘ 3 4
mms ldaensssumanidesievesaums 2.12) uazld n, = N, amiuudaumsien

| Ty y
Afng 1519214
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P, =—k—Tln —4 (2.13)

q n;

Tuiueadununusnun anwmdutussleani1dain
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E.—-E
=N =nexp| 2 —LX (2.14)
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é 1Y o o a 9
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H d | /&Y 7o Y [
31U 2.9 Taezunsnvessesaoi-oumelams ludadounay

v ¥ v '
fuwadndsay nie 7, swivuiiu dnd Iufhadewdh ldludouly lusadeunduy

v
Sunands waoufe

VTomI A |¢Fn + I¢Fpl < VR (2-18)

A o @ o Ll o dy
3 V, Ao vinavaws sy ludadeundn aums (2.18) anunsaoulnildasiife
Vroai = Vi ¥V3 (2.19)
2 A o o @ = v
@3 V,, Aedwmedndnislunaniizauganiuion

2.2.1 N3zUARUART-16U 1UQANAR (Ideal P-N Junction Current)
3 ' ad £ ' ~ '
nyzuanarualusesaefenasinvoInszsuadianasounas laa FA1ANAA0ATI
' ad O e ' 4 '

Yasaring msizdnszuadianasounaz leailunnuduiusuvuseliiownaeasovaoii-
< ' ' &£ g ' v v g A v
U ANUUILLENNSZuEMsuns lsasudumimzdiudesludumoun x=x, milden
ANUFUAUT

dp, (x)

J,(x,)=-4qD, e

(2.20)

X=X,
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2.4.2 598ABNIINIZUBN (Cylindrical Junction)
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317 3.2 mseanuuudle Tsunsy L-edit

mseenuuvalaatensaiielalen Mrualivuiaveslaloawify 3x3 mm’ Aunig

" W 3 @ o o ' y
493 FFR 171 10 pm TaeiimsdSunlaeusiunu FFR, szozvis uazzinsanmisaihe
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fa lnsdlouudrnenhur ludwaziluuds viniuiims Yaquanifvuiaveudualaaiw
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PR Softbake

Cr Etch and PR Strip

Step 8

Inspection

]

Add Layout design

Linewidth & Position check

(ﬁ{:”

si;:lewall Profile check

A & ¥ a Y,
3‘].]7] 3.4 YUADUMTAINUASAAICHUIAN

¥ o W " x 2
3.2 msasslaleamas (Diode Fabrication)
3.2.1 Yuaeumsai1alaleamas (Diode Fabrication Steps)
A o v v o o v v o o ¥ a
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1. 93 0UUHUNANGANDUIZUI (111) BTADY (N-type) AATHAIUNIY 120 Ohm.cm
2. MANUALIAAIATIAL

v "
3. hmsadealaaerun 1 Taonszuaums 15 1aa Insns i (Photo Lithography)

JIIIIIIIdlddlid ) duvemese

g ¢—Resist

. v v
310 3.5 nmsraesmsadieadnaiosun 1 A2en581IUMS Photo Lithography

5 o ¢ e . v X
4. WMaiMsfauuuus (Dry Btching) $43135895aA0Y W0 UTUYY Alignment mark
v v
nniuiinmsaeniien e laonis strip resist
° n’: an a o o z 4 : A .
5. Mmsassudanoulasen leanun 250 A §119u 2 A5 WeIUT sacrificial (SAC)

. 3 ' = = a 9 ] a
oxide Az FUFIWARANMALIVUTIVRIMINIAY TumsBerlanlseq
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! o n,: an ¢ @ :
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6. msoaralszgrloanesannasau 120 kev Usinaasie 1x10" cm” Aundausy e

v
a319500d UK Ohmic 521119 N+ taz lane Al lumsadavua Inasaeli

Rear side Phosphorus (P)

4114441111 iddlll

Front side
31N 3.7 nmshaesmstadlalszgrleaneSadiunduruganou

v . v
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' =3
F0UAON-19U 1Ay FFR
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v
Yue luanaz FFR
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v Vv
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=} y a I3

10. 1oUTia (Anneal) A209ugil 1050 °C 1l117a1 600 1%
£
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v

o v aa L ' Y °
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v E 4 v
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31N 3.13 nmdraeanaimsaiia laleamSvauysaindeunudunsaauiginsel

3 o Qy o @ ' ' [ A' Q.l s (a [
iﬂﬂuuu'l‘]fuQ1uvlljﬂ1ﬂ15'2ﬂﬂ"lﬂileﬁﬁlmli\iﬂuﬂ?mﬂi'ENTWﬁU’CT‘HH‘VI‘]JS?J']ﬂMLiQﬂN"lﬂﬁ'l

° 4 [ @ 3 o ' o @ ' R ¢ @ o
waznszuai wetlouussiuludanss imiuhuru hldimsdauisginseiudazda udni

s

k4 4 g
Funuuimsguiing lag 114 i (Electroless Nickel) Apindasnisianinziuazila

o

Y =) a a a0 & o @ A a = a A ~
LUAIAYDWDNHLIFUAA ‘NuﬁﬂQqﬂﬂimvlﬂIﬂﬂﬂﬂdfﬂiLﬂﬁﬂﬂﬂﬂﬂﬂ“ﬁlimuﬂﬂ1ﬂﬁl“ﬂ 3.14

Ll

A

1 g »
nndwimsiasinszuaaensdu IWihge Wedlouussiu ludadoundu ionins afu

@ ' o Ay Y v
Nanawveamazan lgeanuun 13



61

TaTeanasmsiadon

P ~ a
DNBNBIIBU

¥
Fuanu'laleandinisaa

4' g o L% 1] % A ) ~ b A o
514 3.14 Fu laTeandsnisaamiaas laTeandenisndeudnendsFude

P} v o QU
3.3 M518Ms IUNITZUIUMIa e laleanias
v =~ ¥ = |
3.3.1 ANAMUMMTARUZA1INEN 1UN 150N
11113 30A1AIMATUMUIFIMAY (Sheet resistance: Rs) 1asAiae 15 nseod I1wsu (Four
9 9 v
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é v L Qs H
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1x10 em” nazshimsueuiiafgangil 1050 °C 151981 600 W VUTTUIV(LLT) 1AL (100)

v v 9
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| I |
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naannmmsadilaleadluiGouieouds wwimsiaguaniianszuadens wuvuy
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vz 4.1 wudhwaziilalea 185 uussduludanseiivszanm 1 v azlinszue ldhanh
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Wouluszdy 0.8 na dniuginsainaieliquaniansiiulaloald
3 ° o ' q’: A - A a Ao Y o o v
nmiuilalealiimsdeduazindeudwendissuddmdninimsiannssuagelaoly
4 ~ @ A L o
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KDKKOKUYO ELECTRIC CO.,LTD.
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6E+20
5E420
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1av1IN (Spreading Resistance Profiling: SRP)
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Junction Depth and Sheet Resistance of Source-Drain Arsenic Ion Implantation for 0.8 Hm

CMOS Fabrication

¢

- 12 . L v vta, Laasr a 2 . &5
HURT UAUAIYR T M 10N WAy HIDUUA NS INTUTOL uAt auns nsly

‘quimatuTadlulasdidansetind (NMEC) gudmaluTaBddnmsodnduaz Aowiame furand (NECTEC)

S14 w1 n Sanziiien 0.3108 .a:F 431 24000 Tns. 035-857-100 81 9 9 130 Email: montree saenlamool@nectes. or.th

3 fa e a2 a a . J . - a ¥ -
qumwommnouna AUTIMNTIUMTAT am'uumﬂIu]num:ioummmqmmumnni:'u.\

3 Hlj i DULAAINT WAAIANGY it AFUIVLWINAT 10520

UNAALD

unmmﬁ’ﬁwmuafhmmﬁwmuﬁmdu (Rs) AR
Tunisdesns (X)) lesewerding ("as) MeiEasidlnig
Tas findaanu 30 s 70 AladdnnsouTiad (V) Uiuaiise

a

45107 84 60x10” em” vysimunn? mivusudia Hgmmgiige
900 °c dlunardo wii dwaiildepnisian s msioy
Ausanviaomuunisaiieiazlilsunsy TSUPREM — 4 3nma
asdaenwumsaiuil andoms A simnsauiuns
adapa-miudmivduoannmns 08 uasoy fioat R Yiriin
61 QU nar Xj Usiane 044 Hm Fswnnisadieaanudt e Rs
Yazane 5942 Q7 uar Xj Usziam 042 [lm Fai1 Rs Jumsadag
Walaniaunin e muumeadinlizing 259% uaz Xj Im
Vioend1szana 455% uamnuiiton lemieq 81 Rs wazit Xj
unndresull uAd g weem ey st dufiionnn Auin

< - F .
oA NduYed-nin S uFusantana 08 Llm 14

s » o u ot
iy msddladize i Find, Busoa-rsu, mrloms, Fuod,

\SHHDH

Abstract

This paper presents the charactenstics of Sheet Resistance (Rs)
aad Juaction Depth (Xj) of Arsenic (As) doped wiing ioa
implantation techricue. This experiment varies implantation eaergy of

3 = Fe Sy e g -2 = o
30te 70 keV and doze of45x 107 to 6 x 1D em”on 150 mx: diametar

covaiallne silicon (wafer) 2ad aanealed in nurcgen atmosphere 2t 900
'C temperature for 40 miavtes. Rs and X is thea measured. In additioa

to the axpariment, the program, TSUPREM-4, was used to simulate and

Mt armanaimnaanilih afah 30 BECON-30) 25-26 qami 2550w InmdsmaTuTadws: veundisuyi

find the suitable condition. The result of simulation for Rs is 61 0
and Xj is 0.44 [lm, whereas the result of experiment of Rs is 59.42
O ang Xjis 0.42 |lm. The result of experiment closely matches the
simalation which showed that average of percentage error between
experiment aad simulation of Rsh is 2.59% and 4.55% for Junction
depth (Xj). Although the values from simulation and the experiment are
different, the differences are relatively small. This result are fabricate
0.8 CMOS™s Nsd (N-type Source-Drain) using ion implaatation
rechaique.

Key word: Arsenic ion implantation, N sousce-drain, Doping process,
CMO5, NMOS
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Abstract

This paper shows the study of boron ions with
different Atomic Mass Unit (AMU) from BF, plasma. Afterwards we
selecred jons from plasma for implantation (o stdies of Sheer
Resistance and Juaction depth by implantation using energy range from
45 10 140 keV and Annealing ar 900 °C for 30 minutes on silicon
wafer. The experiment showed that Sheer resistance increased when
implapticg with high AMU, but decreased when increasing the
implanration energy. because high energy implontation increased Xj.

Therefore, "(BF: )" will be chosen when shallow junction is needed, and

N3z Anmsmaimnianhith a3 30 EECON-30) 25-26 hatan

vice versa for “'B”. The results can be used to adjust the conductivity for

the fabrication of semiconductor devices at TMEC.
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Keyword: ion implantation , ion imp
depth.
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