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ABSTRACT 

In a low s u p p l y vo l t age C M O S t e c h n o l o g y , it is des i r ab le to sca le th resho ld 

vo l t age and ga te length fo r i m p r o v i n g circui t p e r f o r m a n c e . T h e r e f o r e , a p ro jec t has been 

car r ied ou t ins ide K U i T T H O ' s mic roe l ec t ron i c c l e a n r o o m to p r o d u c e a m e t h o d tha t has 

be t t e r l o w p o w e r / l o w vo l t age cu r ren t concen t r a t e on p - c h a n n e l ( P M O S ) . A n e x p e r i m e n t 

w a s a lso d o n e to d e t e r m i n e the r ight p a r a m e t e r va lue to b e u s e d fo r f ab r i ca t ion p rocess 

such as ox ida t ion p roces s th i ckness rate , shee t r e s i s t ance and m e t a l th i ckness . F r o m the 

p a r a m e t e r va lue ob ta ined , 0.3 m m a n d 0.5 m m P M O S t rans i s to r h a d b e e n succes s fu l l y 

p r o d u c e d . Fabr i ca t ion s imu la t ion w a s p e r f o r m e d to p r o d u c e a 0 .1 |am a n d 0.3p.m P M O S 

t rans i s to r by us ing the I S E - T C A D s o f t w a r e . T h e t r ade o f f b e t w e e n th r e sho ld vo l t age 

(VTH), ga te length (LG) and thin ox ide th i ckness (to x) are d i s c u s s e d to d e t e r m i n e the 

charac te r i s t ics o f the t ransis tors . It s h o w s tha t fo r 0 . 3 m m (toX = 8 6 0 A ) P M O S t rans is tor 

the va lue o f V T H = - 3 . 3 3 V and 0.5 m m ( t ^ = 9 1 0 A ) , V T H v a lue = - 4 . 3 V . F r o m the 

s imu la t ion resul t s h o w fo r 0.1 j im (to* = 2 0 0 A ) , V T H = - 0 . 3 1 4 V a n d fo r 0 . 5 | i m ( 4 0 0 A ) 

V t h = - 0 . 6 3 4 V . T h e resul t s h o w s that , w i th d e c r e a s i n g ga te l eng th a n d ox ide th ickness 

wil l p r o d u c e l o w e r va lue o f t h re sho ld vo l t age . M i n i m u m va lue o f t h re sho ld vo l t age can 

resul t in a be t te r p e r f o r m a n c e o f t rans is tor . A n o t h e r p a r a m e t e r m u s t b e t aken into 

cons ide ra t ion such as l eakage cur ren t , res is t iv i ty and conduc t iv i t y to ge t a be t te r des ign 

o f P M O S t rans is tor in fu tu r e resea rch . 
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ABSTRAK 

U n t u k m e n g h a s i l k a n s u m b e r vo l t an y a n g r e n d a h d a l a m C M O S t ekno log i , 

p e n s k a l a a n vo l t an a m b a n g , V T H dan l eba r ga te , LQ u n t u k m e n g h a s i l k a n l i tar y a n g 

b e r k e u p a y a a n t inggi , m e r u p a k a n i sue y a n g s anga t pen t i ng . O l e h itu, p r o j e k ini te lah 

d i j a l a n k a n di d a l a m m a k m a l m i k r o e l e k t r o n i k b i l ik be r s ih K U i T T H O u n t u k 

m e n g h a s i l k a n resepi bag i P M O S t rans i s to r d e n g a n sa iz y a n g m i n i m u m d a n be rp res ta s i 

t inggi . E k s p e r i m e n j u g a telah d i j a l a n k a n u n t u k m e n e n t u k a n ni lai p a r a m e t e r y a n g sesua i 

u n t u k d i g u n a k a n d a l a m p roses f ab r ikas i ia i tu p r o s e s p e n g o k s i d a a n u n t u k m e n c a r i k a d a r 

k e t e b a l a n oks ida get , r i n t angan k e p i n g d a n k e t e b a l a n me ta l . D a r i p a d a ni la i p a r a m e t e r 

y a n g d ipero leh i , 0 . 3 m m dan 0 . 5 m m P M O S t rans i s to r te lah b e r j a y a d ihas i lkan . Fabr ikas i 

s eca ra s imulas i j u g a te lah d i j a l ankan u n t u k m e n g h a s i l k a n 0.1 | i m a n d 0.3(am P M O S 

t rans i s to r d e n g a n m e n g g u n a k a n pe r i s i an I S E - T C A D . P e r u b a h a n an ta ra vo l t an a m b a n g 

(VTH), l ebar ga te (LG) dan k e t e b a l a n l ap i san oks ida (to x) te lah d i b i n c a n g k a n u n t u k 

m e n e t u k a n ciri-ciri bag i P M O S t rans i s to r te rsebut . Has i l dapa t d a r i p a d a fabr ikas i 

s e b e n a r m e n u n j u k k a n u n t u k t rans i s to r be r sa i z 0 . 3 m m (toX= 8 6 0 A ) P M O S t rans is tor 

VTH = - 3 . 3 3 V dan 0 . 5 m m ( t o X = 9 1 0 A) , ni lai V T H = - 4 . 3 V . D a p a t a n has i l s imu las i 

m e n u n j u k k a n u n t u k 0.1 | im (t<,x= 2 0 0 A ) , VTH = - 0 . 3 1 4 V dan 0.5FRM (to x = 4 0 0 A ) , nilai 

V t h = - 0 . 6 3 4 V . D a r i p a d a k e p u t u s a n y a n g d ipero leh i m e n u n j u k k a n b a h a w a d e n g a n 

k e l e b a r a n ge t y a n g m i n i m a dan k e t e b a l a n oks ida y a n g lebih n ip i s akan m e n g h a s i l k a n 

P M O S t rans is tor d e n g a n nilai vo l t an a m b a n g y a n g lebih r endah . Ni l a i vo l t an a m b a n g 

y a n g lebih r e n d a h akan m e m p e n g a r u h i k e u p a y a a n t rans is tor . P a r a m e t e r - p a r a m e t e r lain 

pe r lu d i ambi l k i ra seper t i a rus boco r , k e r i n t a n g a n dan k e k o n d u k s i a n u n t u k m e n g h a s i l k a n 

P M O S t rans is tor y a n g be rp res ta s i t inggi u n t u k k a j i a n a k a n da tang . 
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CHAPTER I 

INTRODUCTION 

1.1 General 

T h e M O S F E T circuit t echno logy has dramat ica l ly c h a n g e d ove r the last three 

decades . Star t ing wi th a ten-micron P M O S process wi th an a l u m i n u m ga te and a s ingle 

meta l l iza t ion layer a round 1970, the t echno logy has evo lved into a t en th -micron self-

a l igned-gate C M O S process wi th up to f ive meta l l iza t ion levels . T h e transi t ion f rom 

dopan t d i f fu s ion to ion implanta t ion , f r o m thermal oxida t ion to ox ide deposi t ion, f r o m a 

metal gate to a poly-s i l icon gate, f r o m we t chemica l e tching to dry e tching and more 

recent ly f r o m a l u m i n u m (with 2 % copper ) wi r ing to copper wi r ing has p rov ided vastly 

super ior ana log and digital C M O S circuits . T h e choice and center ing of target t ransistor 

pa rame te r s - mode l ing (such as threshold vol tage, gate length, gate ox ide thickness , etc) 

fo r h igh speed l ow-power / low vol tage C M O S technologies is a current concern (Chang, 

2000)[7], If p rope r C M O S scal ing rules are ut i l ized, h igh speed C M O S technologies can 

be ach ieved even in con junc t ion wi th r educed supply vo l tage requ i rements . T h e 

d y n a m i c p o w e r diss ipat ion in C M O S inverter circuits is g iven by 



P =f- CL. V2
D (1.1) 

w h e r e f is operat ing f r equency , C l is the loading capaci tance , and V D is the supply 

vol tage. Clear ly , r educ ing the supply vol tage is the s imples t app roach in reduc ing the 

d y n a m i c p o w e r consumpt ion . T h e t ime delay, xD in a C M O S gate is approx imate ly 

g iven by 

C V C J t V L G ox D 

ID (VD ^TH) 
(1.2) 

w h e r e Lg is the t ransistor gate length, toX is the gate ox ide th ickness , I D dra in current and 

VTH is the M O S transis tor threshold vol tage . Equa t ion 1.2 demons t ra t e s the need for 

r educ ing the ga te oxide thickness , the ga te length, and the t ransis tor threshold vol tage in 

order to p rese rve the h igh-speed in a reduced vo l tage supp ly t echno logy . 

1.2 Problem Statement 

Since the semiconduc to r indust ry g rowth rapidly, compet i t ion a m o n g compan ie s 

to fulf i l l ma rke t d e m a n d s has b e c o m e increas ingly intense. The re fo re , m a n y data and 

pa ramete r s obta ined f r o m researches were not pub l i shed and kep t conf ident ia l . Hence , 

each fabr ica t ion laborator ies have created their o w n technologies . K U i T T H O as an 

educa t ion inst i tut ion is also m a k i n g an e f for t to p roduce a M O S F E T techno logy 

t ransis tor wi th the equ ipmen t p rov ided in the K U i T T H O ' s Mic roe lec t ron ic Cleanroom. 

There fo re , the pu rpose of this p ro jec t was to bui ld a first M O S F E T techno logy 

transistor , which was a imed for bet ter low p o w e r / l o w vol tage current concent ra te on 

p -channe l ( P M O S ) transistors. 
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1.3 Project Objectives 

T h e ob jec t ives o f this p ro j ec t are: 

1. T o p r o d u c e a r ec ipe o f M O S F E T dev ices ( P M O S t rans is tor ) . 

2. T o d e t e r m i n e the m i n i m u m m a s k des ign that can b e f ab r i ca t ed in K U i T T H O ' s 

c l e a n r o o m to p r o d u c e t rans is tor w i th m i n i m u m gate leng th . 

3. T o d e t e r m i n e t rans is tor r eg ion ope ra t i on w h i c h are ve ry i m p o r t a n t in l ow-vo l t age 

and l o w - p o w e r app l ica t ion f r o m the I V charac te r i s t i cs o f P M O S transis tor . 

4 . T o d e t e r m i n e the t r a d e - o f f b e t w e e n th resho ld vo l t age (VTH) and the m i n i m u m 

ga te length (LQ) fo r op t im iz ing the p e r f o r m a n c e o f P M O S t rans is tors fo r low 

vo l t age / l ow p o w e r h i g h - s p e e d digi ta l C M O S circui t . 

1.4 Project Scope 

1. T h e p ro j ec t w a s d o n e w i th the p r o c e s s e q u i p m e n t s in M i c r o e l c t r o n i c C l e a n r o o m 

at K U i T T H O . T h e da ta that w a s ob ta ined m i g h t b e d i f f e r e n t w i th o the r c lean-

r o o m . It d e p e n d s on the e q u i p m e n t capab i l i ty and the c lass o f the c l ean room. 

2. T h e p ro j ec t c o n c e n t r a t e d on P M O S t rans is tor dev ice , i nc lud ing the e f f ec t of 

t h re sho ld vol tage(V T H) thin o x i d e th ickness (to x) and ga te l eng th (L G ) to ID-VD 

charac te r i s t ics . 

3. T h e r e w e r e 4 s teps tha t w e r e t aken in this p ro jec t w h i c h were : 

i. E s t a b l i s h i n g p r o c e s s m o d u l e , p roces s p a r a m e t e r s , p r o c e s s f l ow and 

p r o c e s s run card . 

ii. O p t i m i z i n g and charac te r i z ing p roces s m o d u l e . 
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iii. In tegra t ing the p rocess m o d u l e and s tar t ing the fabr ica t ion process o f 

M O S F E T ( P M O S ) device . 

iv. Ana lyz ing and tes t ing p roduc t . 

1.5 Project Flow 

Figure 1.1: T h e pro jec t f lowchar t 



CHAPTER II 

LITERATURE REVIEW 

2.1 Introduction 

This chapte r will h ighl ight on the unders t and ing of t rans is tor dev ice main ly 

M O S F E T (Meta l Ox ide Semiconduc to r Field E f f e c t Trans is tor ) . Th i s p ro jec t focuses on 

the fabr ica t ion p rocess of M O S F E T devices . Pr ior to that, the character is t ics and 

phys ica l s t ructure of P M O S transis tor was s tudied. 

2.2 The MOS Transistor 

T h e s e devices are k n o w n as F E T ' s (Field e f fec t t ransistors) , wh ich consist of 

three regions; source, drain and gate . T h e res is tance path be tween the drain and source 

is control led by apply ing a vol tage to the gate. This var ies the deple t ion layer under the 

gate and thus reduces or increases the conduc tance path. The F E T input impedance 

(unl ike the B J T which is a f ew k O ) is very high ( ~ M H ' s ) and as a resul t the gate current 

can be cons idered as zero. 


