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Planarization Effect of Steam Densified BPSG Film in HCl Atmosphere
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ABSTRACT

Phosphosilicate glass (PSG) films have been used as fusable deposited dielectrics in silicon gate
MOS integrated circuits, But in this experiment BPSG (borophosphosilicate glass) will be optimized for
more efficient utilization of the reactants,

The BPSG films were deposited on silicon wafers by the oxidation of the hydrides at 430°C in
conventional atmospheric-pressure chemical-vapordeposition (CVD) sysiens. Physical and chemical
properties of CVD BPSG films have been characterized, both for as-deposited and for fused films, The
relationship between deposited BPSG film composition and infra-red ahsorption, solution etch rate,
and fusion temperature is discussed, and examples of BPSG compositions that can be fused at 900 ~
950°C and 800~ 850" C are given.

in addition to having lower fusion temperature than PSG films, BPSG films have lower as
deposited intrinsic tensile stress and low agueous chemical etch rate, they have been considered for

applications where these characteristics are advantageous.
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Fig. 1. HpsG sample wafer flow sequence.

{56)

ot

At PR edgesl] @2 mAbsol o 51407 glof

} Hal 4 1% HF el 4] 130°C 10 35k %3}
gt ¥ rebakedbr}, 2 & poly - S1 eching 2 AMT
itel dry etcher & two step anisotropic 30%  aver
etchinig & 1% <} gas &= HCI, BCl,, Cl, o] =}, et-
ching o] Eutel sriplaizlE AF 34l strip o3
photo resist 2 ¥}

T—2 Algid

H12] sy e Alagt Ao Fig. 2¢f A5 AM-
AYAjit e} CVD | & o) &5le] 400°Coll4] BPSG
mre] z4F #HEA A 3skAl type B ERE g A
A7 B R8L Table 1o EA 54t BPSG uhe
poly - Si 3t metal A}e]2] 271 Holute 2 AlS5lgo
w Py sE z2Ad= =24 Na jon gettering a3} oF
step coverage?) skAbF AR o1& <& glglv) BPSG
film-S 4% £ LEITZ#2 film thickness chec-
ker & NAWNNOSPECH film thickness checker & A}
Ashed =Rl FY4E sl DIGILABRAF
T - 1Rz} KEVEXjite] X-ray 3324 7]E o83l
P g B fadqg AAskdel 2 F Fig. 3 4
F 4% THERMCOTE gquartz tube & 75 densifica-
tion time, densification temp., densification atrnesphe-
re 8 B.5500] test waler -2 A zZH0m] olol d]dl =
738 Table. 29 ZA S5 o), densiication o] 2yl 4]
g HITACHI it S570 scamning electron microgra-
ph 2 5 000% 2] ®E-el 4 kg 242 Fg ek

head cover
head

conveyor bElC

tTay

“—— davice

Fig. 2. Schemabc diagram of AP-CVD reactor,

guartz tube

{1

quartz boat

device
Gas lnjector
iikden

——

il
i

Fig. 3. Schematic diagram ol quartz tube for BPSG
film densticaton.

2.4 58l 7]



HC1 % 8] 7lol| 4] 27 <=]2]5 BPSG el Haksl el st ofF

Table 1, Typical BPSG Film Properties of Sample De- ack o)l void 5] defect & 4la) dAgn 12 algh
posited ac 400°C with Different P,B Concentration. 22 el olg = gk Fig 4o % = gl
BFSG type Tepe Al Type B [Type C Eo] BPSGHFe] deposition rate-= O;/hydride ratio
Item ) ] Z7ll wle} linear s —7%1-4 ol s
Deposilion tempsratztecC) | 400 | 400 400 @ 0, /hydride ratio = 23 @ 18] )&= ET3) =
0,/ Hydride ralio 23:1 |23:1 |23:1 #A7] Aol A AU e 28 Bk depo-
P wt % - 2 3 43 sition rate= PH, 2| % =7} <71848 Z0beie]
B wt % 5 5 61 ‘6 sHe M2 B.H; 2] FErt 3015 Bl 2] oxi-
' daton inhibitory effectell 215 = 482 zcé}fn
Depositian rate (A%) 2360 | 3831 | 2353 S we) eds TolxA B 7:1 B -
7:1 BOFE etch rate (A7) 1053 | 1753 | 1184

E( Bufiered Oxide Fichant)of] 42 etching rate 5 “#
In wafer unifarmity () 131 |12 3 7. 4 2| 0,8] FGuko] =714+% etching rate © 37}
Between waler uniformity(%) | 8 5 |12 9 9. = Aoz el 29 P9 BY BmdEl of
BPSGwre] 7:1 B -0 - Edj48 eichung rate
Fig. 6] 545+l borond wi% 7 FrHE
etching rate = zrA3 28l= Wil 2 phospho-
rus & wt%r} Sr}e=% eching rate £ 57} o®
M — 2. Densification = electrical test

o]

Between lot uniformitv(ss) 6.5 15, 5 9.

[\]

Jon o o

* BOE (TIF:H,02 E£9u]#e] 1:7¢] ETCHANT)

W, JgzEn 8 ug

M—1 BPFSG ¥ 34 HCl32]>] steam densified BPSG:"-FEM]»H—E— A ed

% FAL ALsA = EFE A4 oAs o %o 2xE 850°C~ 950°C = 4% A4 boron F

& CVDEREe] skl 7|alsle] TEgdSRel Zrbel 9] ghast A4 Yo 2oz S FHUSEM
parncle A8 s sl oo g 48] matrix o2 =as) A gzt step—coverageoﬂt o] 5k
= W45 Dek® =7 BPSG e 3 vkl ¥ @i oldlM¥ SEM4alE Fig 6, Fig 7, Fig.
Fe) W gHe] Foene S L g4 AT goff zh4l&] ebulel o] ohr-2 Boron ZhA3ARY den-

Tahle 2. Typical Compositioh and Flow Temperature of Fusable CVD Glass.

BI’SG Type | WT 2P| WT %B | Densificaton Temp. (°C) | Densification Time Densificalion  Atmasphers
A-1 2,7 52 850 30min, 3hour Hz:9L, 02:6L,HCL:500ML
A-2 27 a2 850 30 min, }hour N2
A-3 2.7 5 2 900 1hour, 30min H2:9L, Op:sL, HCL: 500ML
A- 4 2.7 5 2 900 lhour, 30mm N2
B-1 23 [ 850 A0mun, Jheoar Hz-9L, O2:6L, HCL: 500ML
B-2 23 6 1 450 30mm, 1hour N2
B-3 23 6 1 900 lhour, 30min  |{H2:9L, Q2:6L, HCL:500ML
B-4 23 6 1 300 1hour, 30min N2
B~5 23 6.1 950 3hour, 30min He:9L, 02:6L, HCL: 500ML
B-6 23 6. 1 940 Fhour, 30min Nz
C-1 43 4, 6 RS0 30mm, 1hour H2:¢L, O2:9L, HCL:500ML
C-z2 4.3 4. 8 850 30min, 1hour Nz
C-3 4.3 46 q0n ]hour, 30min Ha:ol, O2:9L, HCL: 0N ML
C-4 4,3 4.6 900 1hour, 30 min N2

A 28 4 Al 45 {1986 (57)
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Fig., 4. BPSG film deposition rate, unifermity and etch
rate versus O/ hydride ratio.
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Fig. 6. Scanning electron micrographs of BPSG :°
a) 30 min densified A-2 type film.
b) 30 min densified A-1 type film.
¢} 30min densified A-4 type film.
d) 30nun densified A-3 tvpe film.
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Fig. 7. Scanning electron micrographs of BPSG film:

a) 30min densified B-2 type film,
b) 30mm densified B-1 type film.
¢ 3min densilied B-4 type Hlm.
d} 30min densified B-3 tvpe film.
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Fig. 8. Scamring electron micrographs of BPSG film:
a) 30min densified B- 6 type film.
bY) 30min densified B- 6 type film.
¢) 30min densified B-5 type film,
d) 30min densified B-5 type film.
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Fig. 9. BPSG film step - coverage at each atmasphere.
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Table 3. Tvpical BPSG Film DC Parameter .

DC Parameler Spec AL A]tanl])oss%here ?xllaogrélzg
VT1 25/10 1 (25-1 20 0 996 0. 892
VT1 25/3¢ [0.7-0 89 Q. 702 0. 706
VT1 Access |0.83-111 0. 828 0 828
Leff 25/ 3 Micron 1 36 1. 33
BV. P2 Gox [25-45V 336 34,2
BV.P1 Gox |[25-45V 370 370
BV N* Diode|29- 34V 320 310
N* 120/ 6 18 -23 18. 2 17 8
Cont NY 0.45-0.65 0. 646 0 681
Cont P2 0, 50-10.75 0, 573 0 508
Conl. Bur. 20-35 223 2,13
Metal Conti, 14- 20 13 6 14. 5
P2 120/6 22-32 22. 0 2007
N- 120/6 17.5-27.4 285 271
Nr 60/3 17.5-275 243 24,9
N- 120785 850 - 950 941 948
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