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Fabrication of 5000V, 4-Inch Light Triggered Thyristor using Boron
Diffusion Process and its Characterization

Kun-5Sik ParkT, Doohyung Chol, Jongil Wonl, Byungha Leez,
Youngseok Bae®, and Insu Koo’

Abstract

Light-triggered thyristors (LTTs) are essential components in high-power applications, such as HVDC
transmission and several pulsed—-power applications. Generally, LTT fabrication includes a deep diffusion of
aluminum as a p-type dopant to form a uniform p-base region, which needs careful concern for contamination
and additional facilities in silicon semiconductor manufacturing factories. We fabricated 4-inch 5000 V LTTs
with boron implantation and diffusion process as a p-type dopant. The LTT contains a main cathode region,
edge termination designed with a variation of lateral doping, breakover diode, integrated resistor, photosensitive
area, and dV/dt protection region. The doping concentration of each region was adjusted with different doses of
boron ion implantation. The fabricated L'TTs showed good light triggering characteristics for a light pulse of
905 nm and a blocking voltage (Vpry) of 6,500 V. They drove an average on-state current (Itavm) of 2,270 A,
peak nonrepetitive surge current (Itsy) of 61 KA, critical rate of rise of on-state current (di/dt) of 1,010 A/us,
and limiting load integral (I°T) of 17 MA®s without damage to the device.
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Fig. 1. Schematic cross-section of LTT (light triggered
thyristor).

1400

L?gl_vll

T \ 4 I6500;i /
1200 xik.ﬂﬁ._
N
1100 <
.

1000

N-base region width (um)

w
(=]
o

800

05 06 07 08 09 1.0 11 12 13 14
N-base region concentration (x10"3 em3)
Fig. 2. Calculation on the optimum width and doping

concentration of the n-base region (i.e. substrate) for
1-dimensional p/n/p/n thyristor structure (cathode short).

£EZE A9 o' olWE s
Atolg ~H o] &St dv/dt &

SEZF ATt 7PFAL p-Hlo]
A 2 dv/dt 54 A
g=2o] AA= AHBAA(Trade-
off)ell 9l LukH o 5000V olel Abele s
79 &EZ AgE 05~1m, p-#olz WAL 200~
400Q/5q9] @& A ES AAFT

g, Abolg&H p-Hlo]s EHEY dAFHE o
& Abolg]~H e WA AAsth dEREA 9] o
T o s WY (Beveling) WA HEAF
(Junction edge termination) o] AREEIL QLo
5000V o]/de] At deEnieAe] A9 Wiy W
of dutgoz Aexm 9o ways @
o] gH|et g4 7] el T el AT H
Ae- BeE g ofxFd Aol 7lEshH,
FGR(Floating guardring), JTE(Junction termination
extension), VLD(Variation of lateral doping) 5 TF3h
AA 2 FA dHol HauEa glom Al M- 2

FAFAS o] 43 VLD WHOZ 500Q-cm 7| HS AR

rﬂzﬁ

=

1% oL

o



The Transactions of the Korean Institute of Power Electronics, Vol. 24, No. 6, December 2019 413

boron ion implantation & drive-in

e e

implantation mask

p-n junction

equipotential line
n- substrate

Fig. 3. Schematic of VLD (variation of lateral doping)
structure using ion implantation and drive-in process.
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Back-side p-emitter ion implantation : B, 110 keV, 1.1x10'5 cm
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p-base p-base resistor p-base
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-emitter

6. 1t drive-in : N,, 1150°C, 2000 min.
7. n+ emitter patterning, ion implantation (1) : P 100 keV, 3.0x10'5 em2
8. 2nd drive-in : N,, 1150°C, 300 min.

.
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p-emitter

9. Back-side p* ion implantation : B, 120 keV, 3.0x10"5 cm™ I
10. n+ emitter patterning, ion implantation (2) : As, 80 keV, 3.0x10"5 cm2
11. Photo-sensitive area (PSA) patterning, p* ion implantation : B, 100 keV, 3.0x10"> cm?
12. Oxidation : 950°C, 400 nm
e
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n+ p+(PSA)

p-base p-base resistor p-base
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p-emitter
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13. Contact open
14. Front-side metal deposition & patterning : Al, 20pm
15. Back-side metal deposition : Al, 10um
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p-base p-base resistor p-base

FZ-NTD N-type (410 Q-<m, Tmm)

p-emitter

16. Edge oxide removal
17. Chip sawing
18. Edge silicone rubber molding

Fig. 5. Schematic process flow and process conditions for
fabricating the LTTs.
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Fig. 7. Forward leakage current of the 4-inch LTTs.
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Fig. 8. Wafer-level turn-on characteristics of the LTTs.
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Fig. 10. Forward blocking characteristics of the LTTs.
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TABLE I
PERFORMANCE COMPARISON OF 4-INCH LTTs :
T1503N (INFENEON) VS. OUR RESEARCH

. T1503N Results of
arameter (Infeneon) Our
Research
Max. forward blocking 7500 V 6500 V
voltage (Vprw)
Average on-state current 2560 A 2270 A
(ITAVM)
Peak non-repetitive surge 60 KA 612 KA
current (Itsw)
Critical rate of rise of
on-state current (di/dt) 1000 A/ps | 1,010 A/s
Limiting load integral (I°T) | 180 MA%s | 17.0 MA%s
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Fig. 14. Breakdown characteristics of the BODs for different
dose of BOD ion implantation.
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