SOME PHYSICAL CONSIDERATIONS ON THE

N CHANNEL SILICON GATE DEPLETION LOAD

"aet PROCESS



FOREBWORD

The following analysis on the 019 process is not meant to be a
rigorous treatment of detailed physics of semiconductor devices, but rather
is meant to be a practically oriented approach of applying recognized theory
to the 019 process. Hopefully it will be of use to the process engineer in
analyzing electrical considerations affected by his process decisions and

to the design engineer in analyzing process considerations that will affect
his electrical parameters.

Due to the amount of items covered in a relatively short period of
time by myself, there may be errors not caught--either typographical or
theoretical. If so, please let me know so I can make the necessary changes,
if deemed appropriate.

T. N. Holdt
May 15, 1975
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STEP 1 - INITIAL OXIDATION

TEMPERATURE:  1050°C, 0, + HC1
CYCLE: 5' 0,

40" 0,
5' 0,
From Grove p. 27, k."+ Ao =2 B (‘t 'l-'L') where

f=20(f*5),Bs 2DC”, Te xi+AX:
' 3

where

Xi is the time zero starting thickness.

For large times t>> A2/4B, the parabolic relation applies: X& =Bt

™

S :
B=Xd 2 0.‘-”“3‘) = QOOOA‘)‘& b O yann X | erne v lemm o ,Oamlxéf
, o SOmin  Sowmi ha 168 1G4 10%h, 50

B = l.:.Hc)t)"“",:,m."/;m = 10‘750 ﬁ/w,;\ = J.me’,u%_,j,___

T‘Rd-t U’V\“Tﬂ'ﬂ'—h AL m" This matches well with

g Grove's graph, p. 29 (02).
%)Ea) ,f. l.ztleV.,
Bok e’e.'/h ‘z.m.ere.

Attached: Grove p.p. 27, 28, 29
Article on HC1 effect on oxidation:
Primary advantages of HCI:
1. Cﬁlorine ties up sodium at oxide interface.

2. Reduces Qss by order of magnitude compared to standard
oxide growth

3. Eliminate p reduction of minority carries normally
= encountered during standard oxidation.



STEP 2 - '"BORON IMPLANT - FIELD"

DOSE = 8 x 10", ENERGY = 35KeV, FSA = 2 x 10 ©

SETTING = 61.07. o B
y‘aﬁr’*‘
do% o+ .w-:xd'
7’
SETTING: i = current = Q=d q e AT
T
A = 2.2" x 67.25" (continuous mode)
-1 %
SETTING = d g A e = Dose X LbXIO"Eul x 2.2%67.25 x&.54)
FSA 2X16°% gy >
= Dose x 763.61 x 10713
= Dose x 7.6361 x 10 11
Ve The setting is the dose in units of 10" ions/cmg

times 7.6361

i
Therefore, for a dose of 8 x 10, the setting should be:

7.6361 x 8 = 61.09

I2 PROFILE: x @ 35 KeV: 1175 R

o @ 35 KeV: 375 R | oL (xead)?
From th 1 distributi =— ¥
rom the norma 1stribution hw ) —

e o

The peak is related to the dose by

ez T

N2

Ry MRS =
Scenter T 0 CP°-

Por- Fieto I*: Cpo= .4 R o .4 XBXI0" iova f 0 . 3.2210" s
a5 3'75):&’5 e 375-‘”0'8 e 2

Cpo = 3200x10'"

= .53 pl
305 2.53%xI1D



ME) = Cpo exp | 37> (ko)™ ]

Ex=drLta, Ceoexp Clh) = .61 Cpo + 375 &
= .32 Cpo £ 06245
@r>amt .50, Cpoenp(-ti2) P
= .14 Cpo + 150.0
Px=sr 20, Cpoexpl- 2)
= .01 Cpo +1125.00
QX:Mt 30, Cpn exp (-4.5)
(-'%) = .88 Cpo + 187.5
@X'&Lt.?ﬂ“, CpoCxp . p + :
= .97 Cpo * W5, 75
@x= mt.257, Cps exp (18D
o = 375 R Cpo @ +175 R Cpo = 8.53 x 1016
Point of Point of
distribution distribution Relative to
relative to u relative to u interface % of Cpo Actual Cpn
] )4 R
eSO F895.75 81.25, 268.75 «97 Cpo 827E16
.50 o 318750 =12.5, 362.50 .88 Cpo ZaS1E16
1.00 ¢ ¥ _375.00 -200, 550.0 .61 Cpo 5.20E16
1.50 o + 562.50 |387.5 727.5 .32 Cpo 2.73E16
2.00 o * 750.00 F57S’ 925.0 .14 Cpo 1.19E16
2,50 £9937.5 -~762.5, 1112.5 .04 Cpo 3. 7E15
3.00 o +1125.00 [-950, 1300 .01 Cpo 8.53E14

Nyc (144-cm) = 9.5 x 101%/cm

ATTACHED:

Appendix from Paivinen's article on I2

3
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STEP 4, 7 - PYRO

Oxides of 6-7K R are grown via the decompostion of silane in the reactor.

Si Hy + 0y =3 Si0, + ZHZT

STEP 6, 9 - DENSIFICATION--FIELD I2 ANALYSIS

TOTAL TIME: 7' @ Q50% O+ HCL
R (2@ 30' Or+het +5' Va)

[ D Bogon,as0c. © 3.7x10°% =, 037""'/1%;_.‘/:.
]

\J D Bogon, 16e0T = OB/

e 8

-q;——-"‘=' % D{:o""a;z

Smn——

2o =

D'&l = Dte + D{‘A

and

CPu=CP° g":‘:
7
o

Se.e atbchwment OV Imflmv\i— A\\kLJﬁi.S.

g o




Cpo= 8.53%10%
n 6)"" -1)..3 *
Dbo= o> - (325A), (3.25%1077) ™, 9038 -4
2

—a,

2 z
%
_ Dha-= 6.03”)%:",‘ Z_glu = I1S.476-4Y >

Dbz 236 -4 = Dte+ Dta

Pt -.fl’s‘e—# s L4
Dte 7.63 E~Yy

CP; = X.'S?‘E“- = 4. 2NE b

7= 7 [0 - 3754 % 1812 6094

AFTER DENSIFICATIONS: Cp; = 4.71 x 1016
o7 =679 & :
Cpo = + 175 Cpr =4 NENL

No R x from interface % of Cpo Con

25 170 5,345 .97 4.57

.50 340 -,515 .88 4.14
1.00 680 -,855 .61 2.87
1.50 1020 -,1195 <32 1.51
2.00 1360 -,1535 .14 .66
2.50 1700 -,1875 .04 .19
3.00 2040 -,2215 .01 .05
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FIELD IMPLANT FINAL ANALYSIS

T e ﬁ’;” 5 + =78’
Phos Pre-D 33" - gsooc} BoRew —.037 =
Fuglsxac];eDr;p 5! - Qsogc Dta= '7-35'11{
e 200 1000 D bopon =, 060 t =20
Dtawm lZ2E-Y
£, Dbo = 29.36-4
I
Dts = 07? = &qslﬁ) Qﬁ3lxt0 ) 22 )Rb.YHE- -
% 2

2 Dia+ Dba= 21,2 E-4 1>

[p{-,’ Izu.z
126N kuilyg 8

1t ¢s ‘“(cl %"*'
Cor= Coo = LbLrio', sugtt (Toter See ) 2
L OB .08 &mo.\‘mo’s Ce omd T
o= 193I1%).0% = .2035_-5; 3@"600‘“& "7\0*-.
oy = 2086 175 R Cp; = 1e54 x 1016
No ] from interface % of Cp, Cpn
225 521 696 .97 1.49 x 1016
.50 1043 1218 .88 1.38
1.00 2086 2261 .61 .94
1,50 3129 3304 .32 .49
2.00 4162 4337 .14 .22
2.50 5201 5376 .04 .06
3,00 6242 6417 .01 .02




Movement of oxide - Si interface during densifications:

Using Groves graph, p. 29 where we know we are relatively close on the graph,

the constant B for 950°C is ~ 7.5E-3 u2/hr.
(02)

Since ¢ densification = 70',

(O%) =Bt = 7sE-2uatx 8 hn 2 875 E -3

(oxd = BUEE-Yur ; AXe=9.356-2

AXe = .0035.40 2 935 A

This assumes no initial oxide growth.

This is unrealistic since we are speaking of 0, diffusing thru first6 - 7K,
then 12 - 14K of pyro before it reaches the interface. Very little oxide will be
formed during the dénsifications--certainly not the 935 R calculated above.

Now consider the case of an existing initial oxide.

Use the linear rate constant of Grove, p. 30 to find B/A then knowing B,

solve for A.
Use 9000 R as an average (lst pass - 6K; 2nd pass - 12K)
e
T=2L9M%) +.9%B _ xi*+AX: . B . .03 CP-3°>G7‘°”¢)
— -— ’ —-—
L0075 B A

T= 814:9%.6075
000%

XF= Bt +T) = 0075 C1+10?) = , B3’
Xo= QM0 = Q10K

= 169

Weh -0coh = 1noA

This represents a Axo of ~ 110 R.

o



Therefore, it would be reasonable to expect we would not grow more than

125 § during the subsequent field densifications.

NOTE: A 2000 R silicon etch clears out nearly all of the boron from the

field implant per the pageﬁhugraph.

STEP 15 - GATE OXIDATION 5-40-5 1050°C 0, + HC1
5' - 0y
40' - 0, + HC1
5' - 0y
50" - 0,

Using "B'" from Initial Oxidation (since temperatures are the same),
Xo¥t= Bt = lL2x/e” ﬁ - cc M = hoxro™*
Xo = 16604 (as e.xpcck:l) - Lstol=-H rax ~ /020/9

Noteid AME -2 Lo e 00 y.L.QQ*-
Xo 2 Bt = [, 20" ’-xsz i (/0204"= % ~ 1050A)

Movement of Field Implant:
Cpo'= 4,710
v = 680A
J_D_'Bou‘u 1esee = L4 X/0% s ne LV W
D= OHL.«/M Dta=. 0196x 50 = 0143
Dte= o2 = (.%x 10" *)uts = 23, /zx/a"’.«."-
12 Dtet Dta= @313+ 103 -dur = /26E-Hu?

D, »
7 o e S
\/D_# ._._//35.&.--?/ = 2.4
—

23.1&5-¢



