
SIMULATION, FABRICATION A N D CHARACTERIZATION 
Of PMOS TSASSISTOg DEVICE 

, v I • ; : / s; *? j} Hf ;'>; 1 • t r 
> • » . ' « ! ' • » » j v . x I t < V •«« 4 

f?f £?'? Vf fOWf ' J* o ?'T ) T r VT- 'n? t - r - : 
F . U L r i ? V t n b 1 i i f c f l m / i u w H g S a d i V u i i n 

PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH



PERPUSTAKAAN UTHM 

*30000001883609* 

PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH



KOLEJ UNIVERSITI TEKNOLOGI TUN HUSSEIN ONN 

PENGESAHAN STATUS LAPORAN PROJEK SARJANA 

TITLE: SIMULATION, FABRICATION AND CHARACTERIZATION OF PMOS TRANSISTOR 

DEVICE 

SESI PENGAJIAN : 2006/2007 

Saya S I T I I D Z U R A B I N T I Y U S U F mengaku membenarkan Laporan Projek Sai jana ini disimpan di 
Perpustakaan dengan syarat-syarat kegunaan seperti berikut: 

2. 
3. 

Laporan Projek Saijana adalah hakmilik Kolej Universiti Teknologi Tun Hussein Onn. 
Perpustakaan dibenarkan membuat salinan untuk tujuan pengajian sahaja. 
Perpustakaan dibenarkan membuat salinan tesis ini sebagai bahan pertukaran antara institusi 
pengajian tinggi. 
** Sila tandakan (V) 

SULIT 

T E R H A D 

T I D A K T E R H A D 

(Mengandungi maklumat yang berdai jah keselamatan 
atau kepentingan Malaysia seperti yang termaktub di 
dalam A K T A RAHSIA RASMI 1972) 

(Mengandungi maklumat T E R H A D yang telah 
ditentukan oleh organisasi/badan di mana penyelidikan 
dijalankan 

Disahkan oleh 

( T A N D A T A N G A N PENULIS) 

Alamat Tetap: 

PEJABAT L A D A N G FELDA LEPAR 
UTARA 13, 
WAKIL POS LEPAR U T A R A 1, 
84300 B A N D A R PUSAT JENGKA, 
P A H A N G 

( T A N D A T A N G A N PENYELIA) 

Tarikh: 21 DISEMBER 2006 

PROF. Dr. H A S H I M BIN SAIM 

Nama Penyelia 

Tarikh: 21 D I S E M B E R 2006 

CATATAN: 
** Jika Laporan Projek Sarjana ini SULIT atau T E R H A D , sila lampirkan surat 

daripada pihak berkuasa/organisasi berkenaan dengan menyatakan sekali 
sebab dan tempoh laporan ini perlu di kelaskan sebagai SULIT atau 
TERHAD. 

PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH



"I hereby declare that I have read this thesis and in my opinion this thesis in terms of 

content and quality requirement fulfills the purpose for the award of the Master of 

Electrical Engineering" 

Signature 

Name of Supervisor : PROFESSOR Dr. HASHIM BIN SAIM 

Date : 21 DECEMBER 2006 

PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH



SIMULATION, FABRICATION AND CHARACTERIZATION OF PMOS 

TRANSISTOR DEVICE 

SITIIDZURA BINTI YUSUF 

This thesis is submitted in partial to fulfillment of the requirement for the 

Master of Electrical Engineering 

Faculty of Electrical And Electronic Engineering 

Tun Hussien Onn University College of Technology 

DECEMBER, 2006 

PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH



ii 

" I hereby declare that the work in this thesis in my own except for quotations and 

summaries which have been duly acknowledged" 

Signature 

Name of Student 

P: O) 

t j 
SITI IDZURA BINTI YUSUF 

Date : 21 DECEMBER 2006 PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH



iii 

Khas buat trunang M u h a m m a d Syukur Bin Ismail 

Setiap kejayaanku milik kita bersama 

PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH



iv 

ACKNOWLEDGEMENTS 

I w o u l d l ike to express m y deep grat i tude especia l ly to m y p ro jec t supervisor , 

Prof . Dr . H a s h i m B. Saim for the oppur tuni ty and e n c o u r a g e m e n t g iven th roughout the 

entire p rocess of m y projec t . I am deeply indebted fo r his adv ices and b y provid ing the 

labora tory faci l i ty to me a long the way . 

Bes ide that, m y special thanks to m y fa ther Y u s u f B H a m d a n , m y mothe r Za inon 

Bt Kas ran and m y s ibl ings w h o have a lways beh ind m e to suppor t dur ing critical t ime. 

Y o u are a lways in m y heart . 

N o t forget ing, to all m y Sa i j ana M E E m e m b e r s w h o h a v e he lped m e a long the 

w a y . T h a n k you for the sugges t ions and encou ragemen t s . 

PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH



cdliii 

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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cdliv 

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 
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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 
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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. 
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2.3 P-Channel MOSFET (PMOS) 

A transis tor is cons idered as deple t ion type if bo th source and drain are 

connec ted b y a channel . This channel is created b y implan ta t ion ion or d i f fu s ion 

process . If there are no channel exists, the opera t ion of t ransis tor k n o w n as deplet ion 

opera t ion . The deple t ion m o d e used ma in ly in ana log circuit . A p -channe l deplet ion 

m o d e transistor , w h i c h can conceptua l ly poss ib le , has neve r b e e n used in pract ical 

circuits . 

In this projec t , the e n h a n c e m e n t P M O S transis tor will be used . It is relat ively 

easy to m a k e as an e n h a n c e m e n t m o d e device , w h i c h is p re fe r red choice for digital 

appl ica t ion since it min imizes the s tandard p o w e r diss ipat ion. 

2.3.1 Structure of P-Channel MOS (PMOS) Transistor 

T h e t ransis tor is f o r m e d on an n- type s i l icon b o d y or substra te . Typica l doping 

concent ra t ions for the b o d y are 1014 to 1018 cm"3. T h e dopan t concent ra t ions will be 

a s sumed u n i f o r m th roughou t the body . F o r p -channe l M O S , typical ly the dopan t 

mater ia l is Bo ron (Thomas,2000)[4], T h e center par t of the s t ructure is covered by an 

insulator ( typical ly s i l icon dioxide, w h i c h o f t en re fe r red to s imply as oxide) . The body 

in ter face to the ox ide is o f t en cal led the sur face . 

A low resist ivi ty electrode, cal led the gate, is f o r m e d on the top oxide. 

C o n t e m p o r a r y p rocesses c o m m o n l y use polycrys ta l l ine s i l icon (polys i l icon) fo r the gate. 
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In this case, metal w a s used instead of polys i l icon . T h e two reg ions s h o w n on the sides 

are f o r m e d b y implant ing or d i f fus ing accep tor a toms, wi th the ga te act ing as a m a s k 

against the implan t /d i f fused region. Th i s m a s k rece ives the accep to r a toms itself and 

preven ts t h e m f r o m landing unde r it (Douglas and Eshraghian,1988)[l] . 

T h e region be tween the source and drain is cal led ' c h a n n e l ' . T h e channel wid th 

( W ) and length (L) of individual t ransis tors can vary great ly ( f r o m a fraction of 

m i c r o m e t e r to several hundred mic romete r ) , d e p e n d i n g on the c i rcui t needs . In digital 

circuits , L is no rma l ly kept as the m i n i m u m va lue poss ib le (Zant,2000)[12], T h e internal 

s t ructure of p -channe l M O S transis tor depic ts in f igure 2.1. 

Channe l length 

F igure 2.1: A n internal s t ructure of p -channe l M O S transis tor 

2.4 Qualitatitive I-V Behavior of PMOS Transistor 

M O S transis tor wi th p- type channel ( P M O S ) t ransis tor easi ly be fabr icated. In 

fact , the f irst commerc i a l M O S transis tor and integrated circuits used P M O S devices 
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b e c a u s e it w a s eas ie r to con t ro l f ab r i ca t i on p r o c e s s o f P M O S t e c h n o l o g y (Jaeger, 1997) 

[14]. T h e e n h a n c e m e n t m o d e P M O S d e v i c e is f a b r i c a t e d b y f o r m i n g p - t y p e s o u r c e and 

dra in r eg ions in an n - type subs t r a t e as d e p i c t e d in the d e v i c e c ros s s ec t i on in f i gu re 2.2. 

B y r e f e r i n g to the f i gu re , the sou rce , d ra in and b o d y o f the P M O S F E T are all g r o u n d e d . 

In the f igu re2 .2 , the c o n d i t i o n s h o w n are t hose f o r an u n b i a s e d dev i ce ; h o w e v e r , 

the app l i ca t i on of nega t i ve v o l t a g e o f su i t ab l e m a g n i t u d e ( 0>VTH) b e t w e e n ga te and 

s o u r c e wi l l g ive r ise to the f o r m a t i o n o f a c h a n n e l (p - type ) b e t w e e n the s o u r c e and dra in 

and cu r ren t m a y then f l o w if the d ra in is m a d e n e g a t i v e w i th r e s p e c t to the sou rce . In 

this c a s e the cu r ren t is ca r r i ed b y h o l e s as o p p o s e d to e l ec t rons (as in the c a s e f o r n m o s 

dev ice ) . In c o n s e q u e n c e , P M O S t rans i s to r s a re i nhe ren t l y s l o w e r t han N M O S , s ince 

ho le m o b i l i t y jj.p is less b y a f ac to r o f 2 .5 a p p o r o x i m a t e l y than e l ec t ron m o b i l i t y jin . 

V s = e n d 

V B = 0 

F i g u r e 2 .2 : C r o s s sec t ion o f an e n h a n c e m e n t - m o d e P M O S t rans i s to r 
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2.5 Characteristics of the PMOS Transistor 

T h r e e sets o f cond i t ion ( c u t o f f reg ion , l inear r eg ion and sa tu ra t ing r eg ion ) o f 

e n h a n c e - m o d e P M O S t rans is tor s h o w as f i gu re 2 .3(a) t h r o u g h 2 .3(d) . In o r d e r to 

es tab l i sh the channe l in the first p l ace a m i n i m u m vo l t age level o f t h r e s h o l d vo l tage , V t h 

m u s t b e es tab l i shed b e t w e e n ga te and s o u r c e and b e t w e e n ga te a n d subs t ra te . F i g u r e 

2 .3(a) indica tes the cond i t ions p r e v a i l i n g w i th the channe l e s t ab l i shed bu t n o cur ren t 

f l o w i n g b e t w e e n source and dra in (Vsd = 0). T h e cond i t ion p r e v a i l i n g w h e n cur rent 

f l o w s in the channe l by a p p l y i n g a v o l t a g e Vds b e t w e e n dra in and source . It 

c o r r e s p o n d i n g isD drop = Vsd a long the channe l . 

Th i s resul t in the vo l t age b e t w e e n ga te and channe l v a r y i n g w i t h d i s t ance a long 

the channe l w i th the vo l t age b e t w e e n ga te and channe l b e i n g a m a x i m u m o g V s g at the 

sou rce end . S ince the e f f e c t i v e ga te v o l t a g e is Vq = Vsg - V T H ( no cu r r en t f l o w s w h e n 

VSG < -VTH) there wi l l be v o l t a g e ava i l ab le to inver t the channe l at the d ra in . T h e 

l imi t ing cond i t ion c o m e s w h e n VSD= VSG - VTH- F o r all vo l t ages VSG + VTH ^ VSD ^ 0, 

the dev i ce is in the nonsa tu ra t ed r eg o in of ope ra t ion w h i c h is cond i t i on in figure 2 .3(b) . 

W h e n VSD is i nc reased to a level g rea the r than VSG - VTH, in th is case , an 

isD=VsG-VrH takes p lace o v e r less t han the w h o l e l eng th o f the c h a n n e l so that ove r par t 

o f the channe l , nea r the dra in , the re is n o e lect r ic field ava i lab le to g ive r ise to an 

inve r s ion layer to crea te the channe l . T h e channe l is, t he re fo re ' p i n c h e d o f f as 

ind ica ted in figure2.3(c). D i f f u s i o n cur ren t c o m p l e t e s the pa rh f r o m s o u r c e to d ra in in 

this case , caus ing the channe l to exh ib i t a h i g h res i s tance and b e h a v e as a cons tan t 

cur ren t source . Th i s reg ion , k n o w n as sa tura t ion , is cha rac te r i zed b y a l m o s t cons tan t 

cur ren t fo r inc rease fo r VSD ^ (VSG + VTH) ^ 0. 
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Vs = end 
V G < 0 

YD < 0 

Figure 2.3(a) : VSG< VTH - cut off region 

VD <0 

Depletion region 

p-type inversion layer 

IB 

V B = 0 

Figure 2.3(b): Vsg ^ Vth - linear region 
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Vs = 2nd 
V G <0 

, V D < 0 

Depletion region 

p- type invers ion layer 

IB 

V B =0 

Figure 2.3(c): P M O S with channel jus t p inch o f f at the drain 

VG <0 

Depletion region 

F igure 2 .3(d) : P inch o f f fo r V S D > (V S G + V T H ) £ 0 
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T h e m a t h e m a t i c a l m o d e l f o r the P M O S t rans i s to r is s u m m a r i z e d in equa t ion 2.1 

t h r o u g h 2 .3 f o r all r eg ion . 

K p = n P C" 0 X ( W / L ) iG = 0 and iB = 0 

C u t o f f r eg ion : isD = 0 f o r VSG < -VTH (2.1) 

L i n e a r r e g i o n : i S D = K p ( V S G + V T H - ( V S D 1 2 ) V S D f o r V S G + V T H > V S D > 0 (2.2) 

Sa tu ra t ion r eg ion : ( V S G + VTH)2 ( 1+ A.VSD) f o r V S D > ( V S G + V T H ) > 0 (2.3) 

W h e r e , 

K p = t r a n s c o n d u c t a n c e p a r a m e t e r s 

C"OX
 = o x i d e c a p a c i t a n c e p e r uni t a rea ( F / c m 2 ) 

W = c h a n n e l w i d t h w h i c h is m e a s u r e d p e r p e n d i c u l a r to the d i r ec t i on o f cur ren t 

L = c h a n n e l l eng th w h i c h is m e a s u r e d in the d i r ec t ion o f cu r r en t in the channe l 

A. = c h a n n e l - l e n g t h m o d u l a t i o n p a r a m e t e r 

Hp = H o l e m o b i l i t y 

V S G
 = s o u r c e - g a t e v o l t a g e ;VSD = sou rce -d ra in vo l t age ; VTH = thesho ld vo l t age 
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2.6 Relationship between Gate Length, Threshold Voltage and Gate Oxide 

Thickness 

T h e l eng th and w i d t h o f a t a rns i s to r a re the t w o m o s t i m p o r t a n t d i m e n s i o n s of a 

t r ans i s to r (Sami,(2004)[8]. W h e n the p e o p l e ta lk a b o u t the ga te s i ze o f s p e s i f i c 

t e c h n o l o g y , t hey are r e f f e r i n g to the m i n i m u m ga te l eng th . T h e cr i t ical d i m e n s i o n s tha t 

n e e d s to b e e n g i n e e r e d are ga te length(LO), the ga t e o x i d e t h i c k n e s s (toX), t he dep le t ion 

d e p t h s u n d e r the ga te , the s o u r c e - d r a i n j u n c t i o n d e p t h (xj) and s t e e p n e s s o f the s o u r c e -

d r a i n j u n c t i o n . Al l t hese quan t i t i e s m u s t b e sca l ed toge the r . In th i s p r o j e c t , t he d i f f e r e n t 

o f l eng th ga t e (LG) and ox ide t h i c k n e s s a re t ake into c o n s i d e r a t i o n to d e t e r m i n e the 

t h r e sho ld vo l t age a n d p e r f o r m a n c e of P M O S t rans i s to r . 

2.6.1 Gate Length 

I n t e r m of l ayou t de s ign , the l eng th o f the t rans i s to r i s the d i s t a n c e b e t w e e n the 

s o u r c e and the d ra in o f a t rans is tor . T h i s m a y n o t b e in tu i t ive , b e c a u s e the phys i ca l 

d i m e n s i o n o f the t rans i s to r l eng th is s m a l l e r t han the w i d t h . In t e r m o f t r ans i s to r 

p e r f o r m a n c e , the l eng th of the t r ans i s to r is the d i s t a n c e s u r a b l e cu r r en t f l o w . T h e ga te 

v o l t a g e tha t con t ro l s the f l o w of cu r ren t . I f t he d i s t a n c e b e t w e e n t h e s o u r c e and dra in is 

r e d u c e d , the ga t e v o l t a g e has a s t r o n g e r i n f l u e n c e in e n a b l i n g cu r r en t f l o w . M o r e 

cu r r en t c o n c e p t u a l l y m e a n s f a s t e r p e r f o r m a n c e . R e f e r to the e q u a t i o n 1.1 ( C h a p t e r I) 

Td w ̂ o o CiLato 
I d (VD — VTH) 

PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH



14 

it s h o w e d that the t ime delay xD, p ropor t iona l to the length gate,LG and th resho ld 

vol tage ,Vth - F r o m the t ime delay, it can be d e t e r m i n e the p e r f o r m a n c e of the t ransistor . 

T h e length of a t rans is tor in t e rms of m a n u f a c t u r i n g capabi l i t ies is the na r rowes t 

poss ib le p iece of po lys i l i con (poly) that can b e m a n u f a c t u r e d rel iably. Sma l l e r po ly 

d i m e n s i o n and thus smal le r t rans is tor resul t in smal le r ICs, so it is a t t ract ive to use the 

m i n i m u m gate length to m i n i m i z e chip area [14], H o w e v e r , these la rge ly exper imen ta l 

t echn iques h a v e neve r been p r o v e n in a m a n u f a c t u r i n g env i ronmen t . T h e d e v e l o p m e n t 

o f a rel iable, m a n u f a c t u r a b l e cos t -e f fec t ive l i thography t echn ique is absolu te ly essent ial 

to con t inued p rogress in C M O S techno logy . 

2.6.2 Gate Oxide Thickness 

T h e electr ical th ickness o f ga te insula tor m u s t dec rease w i th the channe l length. 

Recen t ly , s tudies of tunne l l ing t h r o u g h th ickness ox ide have s h o w n that s i l icon d iox ide 

can potent ia l ly be th inned to s l ight ly b e l o w 2 n m b e f o r e the l eakage current and the 

assoc ia ted d iss ipa t ion b e c o m e so large as to b e unaccep t ab l e (Tsividis,1999)[17], F o r 

equ iva len t electr ical S i 0 2 th ickness b e l o w 2 n m , th icker ga te insula tors wi th a h igher 

die lect r ic cons tan t than s i l icon d iox ide are b e i n g cons idera te to r educe the tunne l l ing 

current th rough the ga te insulator . 
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2.6.3 Threshold Voltage 

T h e gate s t ructure of a M O S transis tor consists , e lectr ical ly, of charges store in 

the dielectr ic layers and in the sur face in terfaces as wel l as in the subst ra te itself. 

Swi tch ing an enhancemen t m o d e M O S transistor f r o m the o f f to the on state consis ts of 

apply ing suf f ic ien t gate vol tage to neutra l ize these charge and enable the under ly ing 

si l icon to unde rgo an inversion due to the electr ic field from the gate . Increas ing vol tage 

source , Vsb causes the channel to be deple ted of charge carriers and thus, the threshold 

vol tage is raised. For the e n h a n c e m e n t - m o d e P M O S transistor , threshold vol tage, 

V T H <0. 

2.7 Fabrication Process 

The produc t ion of semiconduc to r is a cha l lenging technologica l process . T h e 

success o f operat ion m a n a g e m e n t and p roduc t ion control t echn ique is cri t ical ly 

dependen t upon the availabil i ty and p e r f o r m a n c e of h ighly sophis t ica ted and very 

expens ive process equipment . M a n u f a c t u r i n g semiconduc tors , a lso cal led integrated 

circuits or chips, requires repeti t ive sequences of s imilar p rocess ing operat ions such as 

oxidat ion, etch, photo l i thography, d i f fus ion , ion implant and meta l l iza t ion . 
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2.7.1 Cleanroom Cleanliness 

T h e fabr ica t ion area consis ted of a large r o o m wi th the w o r k stat ion (called 

hoods) a r ranged in rows so that the wa fe r s could m o v e sequent ia l ly th rough the process , 

never be ing exposed to dir ty air. N o r m a l air is so laden wi th con taminan t s that it mus t 

be treated b e f o r e enter ing a c leanroom. Ai r c leanl iness levels in c l ean rooms are 

ident i f ied b y the par t icula te d iameters and their dens i ty in the air. A i r qual i ty is 

des igna ted by the class number of the air in the area as de f ined in Federa l S t anda rd209E 

(Ruska,1987)[18]. Th i s s tandard des ignates air qual i ty in the two ca tegor ies of part icle 

s ize and densi ty . T h e class n u m b e r o f an area is de f ined as the n u m b e r o f par t ic les 

0.5 | im or larger in a cubic foot of air. A d v a n c i n g chip sensi t ivi ty has ident i f ied smal ler 

and smal ler to lerable part ic le s izes for each genera t ion of chip fea ture size. 

Federa l S tandard 209E de f ines class n u m b e r at 0 .5) im par t ic le size, success fu l 

w a f e r fabr ica t ion p rocess ing requires t ighter controls . Wi th class n u m b e r of 1000 

conta ins m a x i m u m 0 .5 f im par t ic les per cubic foot . In this p ro jec t the w o r k stat ion 

fabr ica t ion p rocess had been done in class 1000 r o o m and pho to l i t hog raphy process in 

class 100 ye l low r o o m (f ig 2.4). T h e m e a s u r e m e n t of c leanl iness of each r o o m had been 

done and the resul t had been s h o w n in table 2.1. 

F igure 2 .4 : Class 100 ye l low room f o r pho to l i thography process 
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Tab le 2.1 : C l e a n r o o m cleanl iness m e a s u r e m e n t 

White Room - Class 1000 
Area 1 - 5 4 c m 3 
A r e a 2 - 1 1 1 c m 3 
Area 3 - 3 8 c m 3 
A r e a 4 - 6 4 c m 3 
Total Par t ic le - 2 6 7 c m 3 

Yellow Room - Class 100 
Area 1 - 17cm3 
Area 2 - 19cm3 
Area 3 - 15cm3 
Tota l Part icle - 5 l c m 3 

2.7.2 Cleaning Process 

T o ach ieve h igh produc t ion yield and device reliabil i ty, it is essential to e l iminate 

all sources of con tamina t ion . Sur face c leaning is par t icular ly impor tan t pr ior to high 

t empera tu re p rocess because impuri t ies react and d i f f u s e at m u c h h igher rates at elevated 

t empera ture . The re are two types of c leaning p rocess wh ich are we t c lean ing and dry 

c leaning. In this p ro jec t the wet c leaning will be used . C h e m i c a l c lean ing is s tandard for 

the w a f e r c lean, us ing solvent asid such as B u f f e r e d Ox ide E tch ing ( B O E ) to r emove 

organ ic and inorganic con taminan ts res idue, respect ively . It is usua l ly fo l lowed by 

de ionized (DI) wa te r r inse and spin dry process . 

M o s t c o m m o n process used is the R C A wet c leaning process . R C A c leaning 

process is the compos i t ion of N H 4 O H - H 2 0 2 - H 2 0 (1:1:5 - 1:1:7 at 70°C to 80°C). This 

compos i t ion can e f fec t ive ly r e m o v e organic contamina t ion and par t ic le by oxidat ion. It 

also can be used for comple te fu l f i l lment of an ultra clean w a f e r sur face ; it should be 

free from par t ic le , o rganic contamina t ion , metal con tamina t ion , su r face mic roroughness 

& nat ive oxide. F igure 2.5(a) and 2.5(b) shows clean process equ ipmen t . 
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T h e R C A fo rmulas have been p roven durab le over the years , and are still the 

base c lean ing process for mos t p re - fu rnace c leaning. I m p r o v e m e n t s in chemica l pur i ty 

h a v e kep t pace wi th industry c leaning needs . T h e s e solut ions have been found to be as 

e f fec t ive as the m o r e concent ra ted vers ions . Addi t iona l ly , they p r o d u c e less mic ro 

rough ing and are cost e f fec t ive and easier to r emo v e . 

2.7.3 Oxidation Process 

Oxida t ion is one of the mos t impor tan t thermal p rocesses . It is an add ing 

process , w h i c h adds oxygen to a si l icon w a f e r to f o r m si l icon d iox ide to a sil icon surface 

[8]. T h e oxida t ion rate control led b y four condi t ions : 

i. Tempera tu re 

ii. Pressure 

iii. T i m e 

iv. Crystal or ientat ion 
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T h e oxidat ion process can b e carried out through we t or dry condi t ions in this 

pro jec t . The process will be done b y fu rnace wi th hor izonta l reactor . Dry oxidat ion 

s imply f low oxygen gas over the si l icon and react ion that occurs is: 

W e t condi t ion p roduced the fas tes t react ion rate. W e t condi t ion can be 

deve loped by f lowing oxygen th rough w a f e r so the oxygen carries it wi th wate r vapor . 

T h e react ion that occurs is: 

2.7.3.1 Horizontal Tube Furnace 

Horizonta l tube fu rnaces have been used in the industry s ince the early 1960s for 

oxidat ion, d i f fus ion , heat t reat ing and var ious depos i t ion processes . T h e y were first 

deve loped for d i f fus ion processes in g e r m a n i u m techno logy and to this day are of ten call 

d i f fus ion fu rnaces or tube fu rnace . Hor izonta l des igns evolved into vert ical des igns wi th 

a n u m b e r of advantages . 

Bas ic s ingle horizontal three-zone tube fu rnace is s h o w n in fig 2.6. It consis ts of 

a long ceramics tube, with coils of copper tubing on the inside fu rnace . Each of the 

coi led tubes def ines a zone and is connec ted to separate p o w e r supply opera ted by a 

propor t iona l b a n d controller . Furnace m a y have up to seven separate zones . Inside the 

fu rnace tube is quar tz react ion tube that serves as the react ion c h a m b e r for the oxidat ion 

or o ther processes . T h e react ion tube m a y itself be inside a ce ramic l iner cal led a 

m u f f l e . The m u f f l e acts as a hea t s ink fos ter ing a more even hea t dis t r ibut ion a long the 

quar tz tube. 

Si + 0 2 — * S i 0 2 (2.5) 

Si + 2 H 2 0 • S i 0 2 + 2H 2 (2-6) 
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T h e r m o c o u p l e s are pos i t ioned against the quar tz tube and send tempera tu re 

in fo rmat ion to the propor t ional band control lers . The control lers p ropor t ion p o w e r to 

the coils, wh ich in turn heat the react ion tube by radiat ion and conduc t ion . Radia t ion 

hea t ing c o m e s f r o m the energy given o f f by the coil and imping ing on the tube. 

Conduc t ion takes p lace where the coils touch the tube. These control lers are very 

sophis t ica ted and can control t empera tures in the center zone to p lus or minus 0.5°. 

2.7.3.2 Dry Oxygen 

W h e n oxygen is used as the oxidant , it is suppl ied from the faci l i ty source or 

f r o m tanks of compres sed oxygen located in the source cabinet . It is impera t ive that the 

gas be dry; that is, not con tamina ted wi th wate r vapor . The p resence of wa te r vapor in 

the oxygen w o u l d increase the oxidat ion rate and cause the oxide layer to be out of 

speci f ica t ion . Dry oxygen oxidat ion is the prefer red me thod for g rowing the very thin 

(<1000 angs t roms, A ) gate oxides required for M O S devices . 

F igure 2.6: Furnace E q u i p m e n t PTTA
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2.7.3.3 Water Vapor Source 

There are several m e t h o d s used to supply wate r v a p o r ( s team) into the oxidat ion 

tube. In this p ro jec t Bubb le r wa te r v a p o r source is u sed to g rowth ox ide layer onto 

si l icon w a f e r dur ing s t eam or w e t oxidat ion process . For oxidat ion , the bubb le r l iquid is 

de ionized (D.I. water ) (Fig 2.7) hea ted c lose to the boi l ing po in t (98 to 99°C), wh ich 

creates a wa te r vapor in the space above the l iquid. A s the carr ier gas is bubb led 

th rough the wate r and passes th rough the vapor , it b e c o m e s sa tura ted wi th water . Unde r 

the inf luence of the e levated t empera tu re inside the tube, the wa te r v a p o r b e c o m e s s team 

and causes the oxida t ion of the si l icon sur face . Wi th bubble rs t echn ique , there is a lways 

concern about con tamina t ion potent ia l is he igh tened by the need to open the sys tem 

per iodical ly to replenish the water . 

F igure 2.7 : Bub le r wa te r vapor source 
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2.7.4 Diffusion 

D i f f u s i o n has his tor ical ly been the m o s t impor tan t p roces s ing s teps used in the 

fabr ica t ion of monol i th ic integrated circuits . For m a n y years , d i f fu s ion w a s the p r imary 

m e t h o d of in t roducing impuri t ies such as Boron , Phosphorous , and an t imony into si l icon 

to control major i ty -car r ies type and resist ivi ty of layer f o rmed in the w a f e r . Because of 

the m o s t c o m m o n l y used tool fo r si l icon doping was the h igh - t empera tu re quar tz tube 

fu rnace , it has been cal led the ' d i f f u s i o n f u r n a c e ' ever s ince in f igure 2.6. 

T h e c o m m o n l y used d i f fus ion dop ing p rocess s equence is p redepos i t ion , then 

drive-in. At a first layer of dopan t oxide, B2O3 is deposi ted on the w a f e r su r face at h igh 

tempera ture , fo l lowed by thermal oxidat ion process that c o n s u m e s the res idue dopan t 

gas and g rows the layer of si l icon dioxide, wh ich caps the dopan t and p reven t out-

d i f fus ion . 

A depos i t ion depends on the p resence of a concen t ra t ion of dopan t a tom vapor in 

the tube. The vapors are created f r o m a dopan t source located in the source cabinet of 

the tube fu rnace and pass into the tube wi th a carr ier gas. T h e chemica l react ion for the 

p redepos i t ion and cap oxidat ion (drive in) fo r the m o s t c o m m o n l y used B o ro n source 

can be expressed by [4], 

Boron : Predepos i t ion : B 2 H 6 + 2 0 2
 > B 2 0 3 + 3 H 2 0 (2.7) 

Drive-in 2B203 + 3Si •> 4B + 3 S i 0 2 (2.8) 
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2.7.5 Photolithography 

P h o t o l i t o g r p h y is the co re o f the I C s m a n u f a c t u r i n g p r o c e s s . P h o t o l i t h o g r a p h y is 

the p a t t e r n i n g p r o c e s s tha t t r ans fe r s the des ign pa t t e rn f r o m the m a s k or re t ic le to the 

p h o t o r e s i s t on the w a f e r s u r f a c e . P h o t o l i t h o g r a p h y w a s first u s e d in the p r in t i ng 

i n d u s t r y and h a s long b e e n u s e d to m a k e p r in t ed c i rcui t b o a r d . It w a s a d a p t e d in 

s e m i c o n d u c t o r indus t ry f o r t rans i s to r and in t eg ra t ed c i rcui t in t h e 1950s . 

P h o t o l i t h o g r a p h y is o n e o f the m o s t cr i t ica l ope ra t i ons in s e m i c o n d u c t o r 

p r o c e s s i n g . It is the p r o c e s s tha t sets the s u r f a c e d i m e n s i o n s on the v a r i o u s pa r t s o f the 

d e v i c e and c i rcui ts . T h e goa l o f the ope ra t i on is t w o f o l d . Firs t , is to c r ea t e in and on the 

w a f e r s u r f a c e pa t t e rn w h o s e d i m e n s i o n s are as c l o se to the d e s i g n r e q u i r e m e n t as 

pos s ib l e . T h i s g o a l is r e f e r r e d to as the r e so lu t i on o f the i m a g e s on the w a f e r . T h e 

pa t t e rn d i m e n s i o n s are r e f e r r ed to as the f e a t u r e s i zes o r i m a g e s i ze o f the circui t . 

T h e s e c o n d goa l is the cor rec t p l a c e m e n t (ca l l ed a l i g n m e n t o r reg i s t ra t ion) o f the 

c i rcu i t pa t t e rn on the w a f e r . T h e ent i re c i rcui t pa t t e rn m u s t b e co r rec t ly p l a c e d on the 

w a f e r s u r f a c e and the ind iv idua l pa r t s o f the c i rcui t m u s t b e in the cor rec t p o s i t i o n 

re la t ive to e a c h o ther . In a c i rcui t , the e f f e c t s o f m i s a l i g n m e n t m a s k layers can cause the 

en t i re c i rcui t to fai l . 

T h e p h o t o l i t h o g r a p h y p r o c e s s i nc ludes th ree m a j o r s teps ; p h o t o r e s i s t coa t ing , 

a l i g n m e n t a n d e x p o s u r e and pho to re s i s t d e v e l o p i n g . T o a c h i e v e h i g h reso lu t ion , 

p h o t o l i t h o g r a p h y also has s o f t b a k e and ch i l l ing p r o c e s s . A f t e r d e v e l o p i n g p rocess , the 

w a f e r t h r o u g h p a t t e r n e d in spec t ion p r o c e s s and if a w a f e r f a i l ed to p a s s the inspec t ion , it 

b y p a s s e d the h a r d b a k e s teps , the pho to re s i s t s t r ipped , and w h o l e p r o c e s s r epea ted until 

it p a s s e d the i n spec t i on (Jacob and Harry, 1998)[ 13] , ( f ig 2 .8 (a ) a n d 2 .8 (b ) ) . T h e se lec t ion 
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of a resist and deve lopmen t of resist p rocess is a detail and leng thy p rocedure . Once a 

resist p rocess is establ ished, it is changed ve ry re luctant ly . In this p ro jec t , 

pho to l i thography process had been done in a r o o m class 100 and n a m e d as ye l low room. 

2.7.6 Metallization 

A var ie ty of conduc tors is appl ied in IC chip manufac tu r ing . Me ta l s wi th high 

conduc t iv i ty are wide ly used for in te rconnect ions f o r m i n g microe lec t ron ics circuits. 

Meta l l iza t ion is an adding process that depos i t s meta l layers on the w a f e r surface . Metal 

such as coppe r and a l u m i n u m are g o o d conductors , wide ly used to m a k e conduc t ing 

lines to t ranspor t electr ical p o w e r s ignals . In this projec t , the meta l u sed w a s a luminum 

and the p rocess will be done by P V D equ ipment . 

Sput te r depos i t ion (sput ter ing) is a p rocess adapted to s e m i c o n d u c t o r needs . 

Sput ter ing is a p rocess that can deposi t any mater ia l on any substra te . It is widely used 
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