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Abstract

Shallow p+»n n+-p diodes have been fabricated using rapid thermal diffusion by solid diffusion
source and rapld thermal alloying with pure Aluminum. Diode area and Junctlon depth are designed
about 2.83x10cm? and 250nm, respectively. Electrical characteristics of p -n diode show that the
ideality factor is 1.04 and reverse current density is 29.3nA/cm?, respectively. On the other hand,
those of n+-p diode show that the ideality factor is 1.05 and reverse current density is 85.2pA/cm?.
The reverse currents are measured at 5V reverse bias after rapid thermal alloying for all the
measurement.

I.M 8

sbmdl 4zt AlzgAol VLSI deoa whds] 7t A
web wEel 44l aASE AR 440 HE
HE F @A} Lum oleti has) b 2 of
i olg Falel) slel sl gu duls A8l
of shilnh 4t Zolsh aherel Sl el ol

scaling downe] Meidola} & 4 9lchirl g} & o :{g
il

, junction qplkmg

o
7

AL

Sk ulelo w7

7

W g2 oox o
-‘o
I
.?:.
o
i o
\f
g
z
ra
ofl a~ o
N
"

T
1ol obH A ol ga At 3y

o

A7 EAE okrlA gl

63

3

= e R o] A

& 2 “6}"’ = °4—'1LE 4’—771 shal et A4
]

el

eI WEFenq e B4 B2 S as augep s Az ol msd i
she A JAE S5 Aol HEebs Yol S A9lslats A8}l Aol rha] o2 x] Eali 9
= AlAolv}
RS, BB A B LR = oltoll M= 250nme] A3 ol F w4 of sl
(Dept. of Elec. Eng., Dankook Univ.) (rapid thermal diffusion, RTD) ulseli® ¢]slof & 4]
fEZHF D191E 84 6 H bl AT A4S FLors Q4 gty on &

(122)



64 a4 odshabel] o8l A #® tie]2 =9 Rapid Thermal Alloy ZHE 4
g E4E Y wad delg s AHEsie &Y AFE PASIE alloy FAMA A &85 F2lated fur-
furnace ¥y o] obd xhal| A 2tE g A A E]AA| nace alloyt 425°C, 10%, RTA 342 425°C, 10x
2 alloy(rapid thermal alloying, RAT) 54 &% 3 2 A Bolrjola] bzt £g)slgl on A2 F ol 9
oz fulsk oduldk E o] g 538 pt-n, zo] AVA EAL alloy A, furnace alloy & 28] 3L
nt—p holex g Alzsigich RTA B4 Fol o4 2 obdsk 548 27 24
s
= 1 o,
14 G ) ]
18 20 Azty chele o] Hulw ] S
p*—n,n*—p 4°|3—E—% A #st7] e +A4 2] A Aekd oz walshoich
kol 5555 17 lof viebligich rhole o A
ztoll ALE5l dlels= CZ A4 37 Al so)H
Z v & go] n-type2l A 2~40 em ©l p-type 2 " \\\‘
395 480 emolth. o] dolHol ALz} oA fleld \,,WQ%S&gk\
A stakg oF 700nm A A4 7] 32 250nme} &k 710 &
7) & m4 od Absbat FAS Sallsleln FA ol "P%
5 &9 A= BN9757} p*, PH1000°] n* 3M4Fg o2 7+
7} Al8-x]9l © v Sohio Engineered Materials Company
AZog n% qA sk &9 ~olck #HGro] HAxl o}
2ol AL B AT TS e Akl 4 3
Lo Lo v 10um §\ QR 10um
3}t A28 sputtered oxidation® 2 43 gk 74552 ulkel (Lt P
A5t AL FAY Aol Askatel 4gsE E m s80um .H%
b 4 257b Fold n& o sl FANA A Metal(Al)
2 Ag Adolrt Holxl+= A4S w17 gk =4 é M E = sio,
oo , N — — 7
ot chgoz A FAE FoL AT Lumel e T ey o)
AR BETL AAA TR YR Y Fol
Silicon Substrate n(p)
2. pronni-p Felerel A Yt
Feld oxidation Thermal oxide Fig. 2. Plane and cross section geometry of diodes.
= 700nm
RTD m &% Za % oF
Diffusion p* Diffusion ot Diffusion pt—-n,n*—p tfole e & A =3E 3 ASREZ doping
X = 250nm X = 230nm profile s ZAg ZAaE 17 3ol vlepd ol AA
1 ]
9 A Rol3 250mmel A% 2olF MojFE pron
‘ Harel ATshe wel nop Agel Aol i o
Oxidation for Sputtered oxide 230nmz A A 2| o} 20nm A 4A A= glow o
contact mask T.. = 200nm
olox o mHe v 2 83x10 %em® olTh.
Y pi=n choleE el Aol alloy ZAcl WE A
L E—bearm evaporation A2 28 30 vlel gl F 1o reverse current
Metalization B - =
Tu = 1um density®} ideality factor® 3l Z7|sidcth #
1 1ol el A3E 2w —5Ve A =3 =l reverse
) Fur. alloying RTA current density: alloy A ¥t} furnace alloy Foll+
Alloying 425°C, 10min. 425°C 10sec. z71g 9t RTA FA Fole 239 uny 3t
ol 1 44}k E&ol ideality factort alloy A 2.t}
a2 1. pr—nnt-p ol e FTAH &% furnace alloy Folli= 1.0991 vkl RTA 334 Fol &
Fig. 1. Process flow of p*—n and n*—p diodes. 1.04 == o9 Aol

(123)




Reverse current[A]

19924

2R EIIRERLE £ 29% Al g 2 5 65

Forward current[A]

o

| E 1. p'-nchelexel Aoy =4
21
10 Table. 1. Electrical characteristics of p*—n diode.
F Diodo Alloy Junction Ideality | Reverse current
| condition depth factor density (at -5V)
- before alloy 1.17 4. MA/em?
- C p =n |Fur. alloy 250nm 1.09 2 5uA/em?
§ 1o9f RTA 1.04 29.3nA /en”
5 L
& L
< -
E
é 108~
g | "mp Hele ol e e e wolz gl
s fﬂ b o) 4xbel Eo 18 A2 furnace alloyg 4~
o B F x5 ZYYG A3 chole s} 43 spalg)
! che doleh olwe S4L alloy Aol p—n cholo
c L9bi= w2l -5Vell 4 34.65pA % =4 5|8l RTA
'oleo; —% 200 360, 4 Folli= 24. 10pAE 746k oo] fulal E46
Llelul = ¢ ; od x g2 74
JUNCTION DEPTH [rmi Febl = ideality factor ] 1. 18°ﬂ A 1.052 7
stalomd 1 A E 28l 49 % 200 chepuiele) o
323 3. tol2 = 2| doping profile (ASR# 2 4) o] 434 eg 28 5ol A Zolof] wa junction
Fig. 3. Doping profile of diodes by ASR. spiking FAHE ®wl 200nm A 5o A3 ol &
HAPKZR 2 200V 127, 3IDA J HAAKER k- 209V Ta13204 ] JHARKER 3 200V, 82 QDA
te-o03 — 1€-02 ’:(" 1e-08
= =
o c
o @ _
orate £t it
O O
o [ B e e
= ]
] 4 > .
*eT385s PET.LYC b o F.0 e d%s T56667dTv N E] re-idts V33367491
Reverse voltage[V] Reverse voltoge[V] Reverse voltage[V]
MARMER ogoV. %67 6na 1 BKER o0gv 533, Bna 1 HAnKER asov 2.630u4
1E-02 ks — ~ 1e-03 'Z‘ 1e-02! |—
= v = =
C 3]
o5ait L N i £ e 4
v Ela2 . 2 va
L 0 * e v
< s | S
2 ! & [
: o s EZ
=836 L7 T U iesyale _lw,‘/!,,_t o '®ldew 6307517 T
Forward voltage[V] Forward voltage[V] Forward voltage[V]
(a) Before alloy (b) Furnace alloy (c) Rapid Thermal alloy
4. pron chole s Eupa edupy 54

Fig. 4. Forward and reverse characteristics of p*—n diode.
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Table. 2. Electrical characteristics of n*—p diode.

) Alioy Junction Ideality Reverse current
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Fig. 5. Forward and reverse characteristics of

*—p diode.



1992% 2 A EF LAEHLE

o n*—p tho] @ x 9] 74 9ol reverse current den-
sity7} 85.2pA/em? ideality factor+ 1.05%2 z+zt =
A=t

] o €2
A4S 2E ARE 4T & oz 47

[1] David B. Scott, Richard A. Chapman, Che-
Chia Wel, Shivaling S. Mahant-Shetti, Roger
A. Haken and Thomas C. Holloway
“Titanium Disilicide Contact Resistivity and
Its Impact on 1-=m CMOS Circuit Perfor-
mance,” IEEE Trans. on Elec. Dev., vol.
ED-34, no. 3, pp. 562-574, March 1987.

[2] Kwok K. Ng and Willam T. Lynch, “The
impact of intrinsic series resistance on
MOSFET scaling,”” IEFE Trans. on Elec.
Dev., vol. ED-34, no. 3, pp. 503-511, March
1987.

[3] J.G. Kim, D.Y. Lee and C.K. Kim, “Two-
Step Rapid Thermal Diffusion of Po-
sphorus into Silicon from a Solid Diffusion
Source,” International Conference on VLSI
and CAD, pp. 39.3, Oct. 1989.

F E ®OLME)

19594 25 31175, 19801 2] wb
Sl ahar A 71 ahat (ekAl) . 1985
4811 5 oleksl A 7)gekah (4
Ah.EA E el =gt et

e

A
Al A F 24

g
2 %4 9 2% AT o8

F29%& Al B 2 ¥ 67

[8] K. Nishi and D.A. Antoniadis, “Observation
of silicon self-interstitial supersaturation
during phosphorus diffusion from growth
and shrinkage of oxidation-induced stacking
faults,” J. Appl. Phys., vol. 59, no. 5, pp.
1117-1124, Feb. 1986.

{91 K.T. Kim, CK. Kim, B.J. Cho and J.G.
Kim, “Formation of Shallow Phosphorus
Layers by Rapid Thermal Processing Using
a Solid Diffusion Source,” Journal of
KIFE. vol. 1, no. 2, pp. 105-109, 1988.

[4] Norman G. Einspruch and Simon S. Cohen,
“VLSI Electronics Microstructure Science
vol. 13, Metal-Semiconductor Contact and
Devices,”” Academic Press, INC., 1986.

{51 Will be published, “Design, Construction
and Evaluation of Rapid Thermal Processing
System for Al Alloy,” Journal of KIEE.

[6] J.C. C. Tsal, D.G. Schimmel, R.B. Fair and
W. Maszara, “Point defect generation during
phosphorus  diffusion in silicon,” J.
Electrochem. Soc., vol. 134, no. 6, pp. 1508-
1518, June 1987.

[7]) P. Fahey, R.W. Dutton and S.M. Hu, “Super-
saturation of self-interstitials and unders-
aturation of Vvacancies during phosphorus
diffusion in silicon,” A4ppl. Phys. Lett.,
vol. 44, no. 8, pp. 777-779, April 1984,

F E BUEEH)

193671 10F1 9117119594 25 4
Soeta Fejahal £l (s,
19664 Wien University &9 (4}
AR @Al sbE e ekar A =g ekt

cEEER



