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(The Effect of Thin Stepped Oxide Structure Along
Contact Edge on the Breakdown Voltage
of Al-nSi Schottky Diode)
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Abstract

New Schottky devices with thin stepped oxide layer (about 1000 .;X) along the edge of
metal-semiconductor junction have been designed and fabricated.

The breakdown voltages of these diodes have been compared with those of conventional
metal overlap and P guard ring Schottky diode structures. Thin stepped oxide layer has been
grown by the process of T.C.E. oxidation. In order to compare and demonstrate the improved
breakdown phenomena of these devices, conventional metal overlap diode and P guard ring
diode which have the same dimension with new devices have also been integrated in a same
wafer, New Schottky devices structured with thin stepped oxide layer have shown significant
improvement in breakdown phenomena compared with conventional diodes.
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(a) Schottky diode without metal overlap,
(b) P guard ring Schottky diode.

(c) Schottky diode with metal overlap,



AlnSi £E7] tholoxe] Hgtul F909) ke ARy Ashat T27b % Wokel vlAE g %

A FE FE WA r,) e £2 F7 A dde Aol vjAE G zalslglch 2 2& PREY
Z(W)uch do} e 4 AFE A0 we g% &) cms_ccq Azhat gol Alo|E z{—‘},—% = 7
A4S vebliA et 2819 (b) FRAXE AY $ Aele Hgtel FAwste] wE HA LTE RS
| b e pdeds dakisloed (a) F Zoh

Zel st EAE AR o] Fxe XA 2729 (a)olde Aole Aol L4 %(—100V)
€ PN AT dolessl 4% €47 oz dehbl g asle o ERAAE 4% A SEeld @
deh 2R 1Y (c)elde 5 AFE FTE-UE Ao MJE B L 5 TE WAS 24
A Agwdct 24 Si0,dd9s HHFornad & 7 48 Agle] av]E AAAIZG 2”29 (b) &
2z 2 oy omq— Ho} Hgle] Si0, o &4 A=} Alo|& Aol kAt (+100V) - A7HE wfeln 2
9 AN o] dbeA Fdo] ¥ AL FA4 o ¥ AAE A sbugteldzoz qpEse A
417 754’—135’- °of 728 FE X M) Adeoz §i T WAL PaAA R BE A
(a) 729 ra2vh Srbsle] odubed 8 Hdgte) 7 2 zalslAl "ok 22 304 Aol Mo dH&

A =k, M. P Lepselter®} S.M Szel31¥& (111) 2 PY3ES &7 tho]g =o] g2 Aqle] P ojoio)
Oriented, 1.0[Q~cm]N& Si7|%ol PR35 3 £ E ) gat7o) (Xj) & M4z slod Mol Y& © o] 2

HeleEF RE F Si0Hol F7H Alole AFE oA Ale|E HIol Bof Hfe] FrtU4E  Ful
Rbeel Alole Agtel st Bxd A xS R AARZs IS s AP Aty Lol

~100 V -78YV F7 A e §5 FF UL EM 7w
I I o2 P4slnz ojutd g2 A}(BV) F7+E 7}
gt I s A HeA "ok
|3 580 B S0 Ik R
U [ J 1 J 100 b
e e \l_'.— - <ol -~ o Nkkk\ Xj=5pm
V=0 w:‘;,\% \Km_%‘\'s— B}
I N“"‘k
l ] ‘4\‘ 3 "N_A_:;‘“-ﬂ-._
puaan -: Iy Ay M
= z <3
(a) £ \‘\A
> %, o,
+100V ~-20V = 40 e
“l
h Y
.
0.4,
20 =4 Ea
P
0 o
- 150 - 100 =50 ] 50 100 150
Ve in Volts

OB 3. PRES £E7] chole o] Aole Al
g FEALG (AT 2ol (X5);0.4,1.2,3,54m)
(b) Fig. 3. Breakdown voltage versus gate voltage for

Pguard ring Schottky diode (junction depths
J82. PR3Y £E7) tho]e =9 Alole kel are 0.4,1.2,3 and 54m).
i HAREE
(a) &9 AlolE A<l g AA F X

2. S5 -GN HYA bRl ke Anky
X
(b) Gl Aol= Aol AT WA ¥2 Asiete RE £27] cel2rel BREy
Fig. 2. Electric field distribution of P guard ring
Schottky diode for gate voltages. OI.14el4 =28 PRE] xe5] clojesel

23 487 toles o Ax 2E9 HIA
AL AR £ UKo, olE5 Alsiute] A
W3 Si0,-Si AA el A ateAl FwAeol A

FHA £ FE FE ubAEA Lol Ay ol4Al

(a) Electric field distribution for negative
gate voltage.

(b) Electric field distribution for positive

)uE, o dm b

gate voltage.



36

ke AR -AYSAE deplE delE oliE 3
%% Mol Uk wWeb £Es| dolocse Arly 5
4e HE A4 AaAE AR Anaelre

A4 B A3 e fE FE VAL A5y
A g Best Qovt Faol 2 g2e] s 3
¥of Folob @k olei@t Yelol 45 T2 23
% AsduA,

~ IR

v

Electrode
| s000A
50004 10004

Lhick Thin
by Oxide
Wet . by T. C. E.
and nSi Oxidation
Dry
Oxidation (b )

O%l4. Felo Ry vizs 9k Ay agie 7z
£ #e 2EF tholox
(a) Tl 8% FA £E7| tholo =
(b) sk& Aty atsiet 725 2 7
F3 4E7| tholec
Fig. 4. Metal overlap Schottky diode with thin

B

stepped oxide structure compared with

conventional diodes.

(a) Conventional metal overlap Schottky
diode.

(b) Metal overlap Schottky diode with

thin stepped oxide structure.
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Schottky diodes.

(a) Conventional metal overlap Schottky
diode.

(b) Metal overlap Schottky diode with thin
stepped oxide structure.

(c) Conventional P guard ring Schottky
diode.

(d) P guard ring Schottky diode with thin

stepped oxide structure.
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Table 1. Measured values of breakdown voltages

- . for each Schottky diode (at Ia=100uA).
' k9 [volts]
Kinds] ... R . :
O\, No, Fig. 5 (a) |Fig. 5 (b)| Fig. 5 (c)| Fig. 5 (d)
1 15 120 100 140
V2 2 13 115 90 140
J%8. T.C.E. 48 RA % 3 15 120 120 150
Fig. 8. Figure of T.C.E. oxidation equipment. ! 1 15 119 145
5 10 110 105 135
2x A0 9 He 6 15 120 100 140
7 10 115 95 130
A A" vl FFol 427 ool =ES curve 8 15 120 105 145
tracer& AMESto] Aubek AR (1) 7F 100eA s A 9 10 100 100 140
oA FRAHGE ZAHslAet FlolM A4 FFHo & 10 15 125 105 145
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Fig. 9. Photography of current-voltage characteristics for four kinds of Schottky diodes.
(a) Conventional metal overlap Schottky diode.
(b) Metal overlap Schottky diode with thin stepped oxide structure.
(¢) Conventional P guard ring Schottky diode.
(d) P guard ring Schottky diode with thin stepped oxide structure.
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