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ABSTRACT

The purpose of this research is to improve fabrication process of fast recovery
power diodes especially in carrier lifetime modification. Nowadays, many industries
use platinum atom doped that lead to complicate of following processes and wide
distribution in electrical properties.

This research studied electron beam irradiation for carrier lifetime modification.
Firstly, we study effect of the iradiation on planar PIN diodes and result indicated
that e-beam irradiation can reduce carrier lifetime. The generation carrier lifetime (‘L'g)
is decreased about 2 orders, and the recombination lifetime is decreased about 4
orders. The irradiation will created lattice defects, which became center traps for kill
minority carriers. In contrast, the defect from irradiation leads to diffusion current in
Si-bulk and generation current in depletion region, which result in saturation current
and increasing in reverse leakage current. Then, e-beam irradiation was applied to
manufacturing, EIC semiconductor Co., Ltd. Silicon PIN power diodes, mesa structure,
were exposed e-beam irradiation. The result confirmed previous experiment; e-beam
iradiation can reduce the lifetime of mesa power diodes and depend on e-beam
dose. Switching testing by digital meter show that reverse recovery time (t,) is
decreased after exposed, at 50kGy dose, t, is decreased from about 2000ns to below
200ns. Leakage current was increased (from about 0.1 pA to 0.3pA), but had no
significant with manufacturing standard testing (below 1 pA). The increasing in series

resistance made forward voltage drop risen, which can be control by electron



irradiation dose. Then, e-beam method was applied to reworking of over t, in fast
power diodes that used platinum atom dope. Over t, diodes can be reduced t,, t,
was deceased form 350ns to below 100ns and the least 50ns at 300kGy dose.
Moreover, the reworking made narrow distribution in t,. Lastly, irradiation energy
levels were experimented at various energy at 2, 8 and 12 MeV. The most effective
level is 8MeV, can reduce t, from 2000ns to below 150ns. Considering this addition

process cost us less than 100 Baht per 1000 diodes.
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2.7.2 minadeuludadiounau (Reverse Biased Testing)
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Cross line mask /
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Insulated Passivation
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Metal Anode

Metal Cathode :
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Abstract. Mesa diodes were irradiation by electron beam at various doses of 25, 50 and 75 &

find optimum dose for controlling minority carrier lifetime. The experiment result shows
electron beam can reduce minority carrier lifetime from 24.3 ns to 14.8, 9.5 ns and 7.9 at deses
50 and 75 kGy, respectively. However, the result of electron beam is not only reduce the Iifstis
also effected to other electrical properties such as increasing in saturation current density 2
times, increasing in reverse leakage current density about 3 times. Dominant cause of &

leakage is increasing in generation current via center traps which formed by the irradiation.

Introduction

Minority carrier lifetime control is widely used in power electronics devices because cam
reverse recovery time and energy loss of power devices in ‘on-state’ and ‘off-state’ i &
conduction process [1,2]. At present platinum doped by thermal diffusion is a favor mefhat
used for controlling minority carrier lifetime (z;) as platinum atom will create deep level i 4
band gap of silicon [3,4]. As that level can be generation and recombination center of
carrier in device.
For industrial field, a method that is used to produce power diodes is Mesa structure.
economical and materials have been found that have provided useful stabilization [5].
Mesa diodes can control lifetime by platinum doped. Nevertheless, platinum must be difi
high temperature about 800-900 [6]. Thus, mesa structure, Pt-doped must diffusion before
passivation process that made complicated to next process. Moreover, Pt-atom distributios |
uniform, so yield of production is too low. &
This paper presents one direction for reduce reverse recovery time of mesa diodes by ’
beam. Electron beam is widely used in many researches but few researcheswere done to
and find appropriate electron beam to be used for mesa diodes base fabrication. An o
electron beam dose can be used to reduce minority carrier lifetime and less effect to offer
characteristics. The goal of this paper is to investigate electrical properties in forward and
biased of before and after treatment by electron beam at various dose. 4

Experiment

Power diodes were fabricated with Mesa structure method on 28-32 Q-cm, n-type silicon
P-N junction was formed by boron diffusion and another side was diffused with phosphe
structure was done by etching edge thru P-N junction of device as Figurel. Then the edze 4
passivated by insulating layer for reducing reverse leakage current at peripheral junc
Ni/Au plate will done to forming contact of both top and bottom side.

Finished diodes were measure their electrical properties. The obtained result were co
both before and after Electron beam irradiation at room temperature with energy 12 M
various dose of 25, 50 and 75 kGy. The semiconductor parameter analyzer, model HP41588
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£ %0 measure the electrical properties of diode, before and after irradiation. The current-voltage
characteristics of P-N junction were measured at room temperature to examine the change of
=wse leakage current density (Jr) by electron beam. The capacitance-voltage (C-V)
acteristics of P-N junction also were measured at room temperature to examine changing in
sion current, generation current, and generation and recombination carrier lifetime (z and 7).

Insplating layer

vvvvvv

AAAAAA
xxxxxxx

Fig. 1 Mesa structure for power diodes

its and discussion

e clectrical properties of P-N junction diodes before and after electron beam irradiation are
ined. Fig. 2 shows the experiment result for forward biased characteristics of mesa diodes.
ard current density, can be expression by Eq. 1, is increased after irradiation because of
2asing in Jg.

Jr = Jsuexp(qV/nkT) 1)

- WhenJr is forward current density, g is electron charge, » is ideality factor, k is Boltzmann’s
stant and 7' is temperature in Kelvin unit.

z

Ty

Diode Current Density (A/cm?)
5

00 02 o4 06 08 10
Forward Biased Voltage (V)

2Forward biased current-voltage characteristics of mesa diodes before and after electron beam
irradiation with various doses.
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Fig. 3 Effect of electron beam dose on saturation current density

Extracting parameter from Jp-Vyin fig. 3 shows the changing saturation current density =i
irradiation.Saturation current density (Ji,) of diodes is slightly increased when irradiation
electron beam dose 25 kGy but increased too much when increased dose of electron beam to 50 o
75 kGy. This changing point would be from additional current conduction via center traps whad
created by irradiation.

For reverse biased region, because of increasing in saturation current density of irradiation
thus reverse leakage current density is increased more than 3 times and tends to more dif=
between before and after in high reverse biased voltage region.

1e4
No Treament

il TV <JaYaYaYaiall > VUL | -t E-lrr 253Gy
o tes ————=— Edn50kGy
3 — e B 75 kGy
2
a6, 4 e S
> ey
B
g 1e-7
g te-8
§ 168 4

1e-10 n T T T T

0 2 4 6 8 10 12

Reverse Biased Voltage (V)

Fig. 4 Reverse biased current-voltage characteristics of mesa diodesbefore and after electrom
irradiation with various doses.
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Junction Capacitance (F/cm?)

o 2 i s s 10 12
Reverse Biased Voltage (V)

2. 5 Reverse biased capacitance-voltage characteristics of mesa diodesbefore and after electron
beam irradiation with various doses.

Fig.5, junction capacitance of mesa diodes are slightly decreased because electron beam
ation created deep level that trap free carrier from phosphorus in substrate. And from fig. 5 we
extract depletion region width (W4) for calculation minority carrier lifetime by current equation
reverse region.

Jr=Jaa * Jgen 2)

the current due to generation process in depletlon regions is given by [7]

Joen = qriWa/Ty 3)

. WhenJg is total reverse current density, Jya is diffusion current density, Jg, is generation current
ensity, W is depletion region width while reverse biased which extracted from C-V characteristics,
md 7, is generation and recombination carrier lifetime.

£

L

LA
\
\
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,
4
Y
-
\
Y
1

%

Generation Current Density (A/cm?)
g,
A\
\
\
\
\
\
\

o

Reverse Biased Voltage (V)

Fig. 6 Generation current density characteristics of mesa diodesbefore and after electron beam
irradiation with various doses.

. From depletion region width extraction and Eq.2-4, we can extract Jya, Jgenand 7,. Mesa diodes

ith no treatment were measured 7, at 24.3 ns and after irradiation at various doses of 25, 50 and 75

Gy were measured at 14.8, 9.5 and 7.9 ns, respectively. The decreasing in 7,is caused from electron
eam created center traps for killing the lifetime and center traps number directly depend on
radiation dose.
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The diffusion current density is slightly increased after treated by electron beam, from 1.53x18
"Alem’ to 2.34x107 - 3.75x10” A/cm’. But for the generation current density, fig. 6, mesa diodss
after treated by electron beam were increased about 2-5 times at 10 V reverse biased, and tend &=
extremely increasing in high reverse biased voltage region. This can confirm that electron be
irradiation can create center traps in depletion region so generation current density via the trag
increased.

Summary

Minority carrier lifetime controlling by electron beam irradiation was done on mesa structure diod v
The comparison result between before and after irradiate shows that electron beam irradiation car.
be used for reducing minority carrier lifetimefrom 24.3 ns to 7.9-14.8 ns. Although the result cas
reduce the lifetime, choosing optimum electron beam dose must take an account the side effect ;
irradiation such as reverse leakage current which will degrade electrical properties of power diodss
For the best optimum condition in irradiating electron beam on mesa diodes, we need to ©
offbetween minority carrier lifetime reduction and degradation in electrical properties.
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Abstract— Power diodes development concentrate on fast
switching, high reverse voltage blocking and low power
consumption. One way to improve switching property is reducing
minority carrier lifetime by electron irradiation. This paper
presented degradation of silicon PN junction which cause from
lifetime modification by electron irradiation. Silicon PIN power
diodes were irradiated electron ray at different dose, 50, 100 and
150 KGy respectively, to compare with no treatment diodes. The
result show that electron irradiation can reduce lifetime
extremely but saturation current which effect to reverse leakage
current will increase more than two orders when diodes were
irradiated. J,-Wp method shows that increasing in generation
current via center traps of defects from irradiation is major
reason of degradation in reverse leakage current and other
electrical characteristics.

Keywords— silicon PIN power diodes; minority carrier lifetime;
electron irradiation.

1. INTRODUCTION

Electrical characteristics of bipolar devices, including
diodes, transistor, thyristor or IC structure, depend on minority
carrier lifetime [1-2]. The devices that are same geometric
structure but different lifetime will present different current
conduction characteristics and dynamics. Electron irradiation is
used widely in between metallization process and assembly
process. The devices will bombard by high-energy electron
through silicon and cause defects all over structure. Deep level
concentration depends on irradiation dose with result in
minority carrier lifetime also depends on the dose.

According to previous research, electron irradiation can
produce defects in material lattice and many studies point that
reduce carrier lifetime is creating traps-in energy band by
produce defects in matenial structure i.e. gold and platinum
doping, etc.

This study presents minority carrier lifetime modification
by electron irradiation. Silicon PIN diodes were exposed with
electron irradiation at 50, 100 and 150 kGy, respectively. All
silicon PIN diodes were measured electrical characteristics for
comparison of electrical properties, “including saturation
current, reverse leakage current, and minority carrier lifetime
between no treatment diodes and irradiation diodes at different
dose.

Amporn Poyai
Thai Microelectronics Center (TMEC),
National Electronics and Computer Technology Center
(NECTEC), 51/4 Moo 1, Wang-Takien District,
Amphur Muang, Chachoengsao, 24000, Thailand
E-mail : ampom.poyai@nectec.or.th

II. EXPERIMENT

With supported from Thai Microelectronics Center
(TMEC), silicon PIN power diodes were fabricated for exposed
electron irradiation. The selected wafer type was N-Epi (111)
with have 60Q.cm resistivity and 300 um thickness. Carrier
concentration of N* layer is 1.0x10%® c¢cm®. The Epi-wafers
were implanted boron to form p-n junction and metallization
both sides of wafers for electrical probe. Finished diodes then
were separated in 4 groups, 3 groups were exposed electron
irradiation at-50, 100 and 150 KGy dose for compare with
another - group. Whole sample were measured electrical
charactenstics including 7V forward biased, I-V reverse biased
and C-¥ reversed biased.

III.  RESULT AND DISCUSSION

A. -V characteristics

After treatment by electron irradiation, current conduction
of silicon PIN power diodes is higher than no treatment diodes
in low level forward biased as Fig 1. As current conduction of
diode can expression by;

Jp = Juexp(qV/nkT) (&)

J o 1s saturation current, from fig 1, in the irradiation diodes
are higher than another no treatment. In fig 2 thus reverse
leakage current density of irradiation diodes also are higher
than no treatment diodes. For ideality factor (), diodes after
treatment by electron irradiation were changed from no
treatment. This changing pomnt would be from additional
current. conduction. via center traps which be created by

From fig 3, reverse biased C-V characteristics can be
used for extraction some physical parameter from plotting 1/C*
with V3. Np of irradiation diodes were be a little bit decreased
from no treatment, this support the concept that defects or traps
in bulk decreased resistivity of bulk [3-5] and agreed with
dropping of current conduction in high-level injection.



TABLE I Extraction of physical parameter

Device

Item No E-drr50 | E-dm100 | E-Irr 150

treatment KGy KGy KGy

n 1.01 133 136 137
Ja(A/cm®) | 245E-10 | 8.79E-08 | 1.84E-07 | 2.37E-07
Ju (A/em?®) | 441E-09 | 2.57E-07 | 3.81E-07 | 3.94E-07
No(em™) | 119E+14 | 1.15E+14 | 1.12E+14 | 1.11E+14
Wy (cm) S11E-08 | 3.03E-08 | 261E-08 | 3.04E-08
7(8) 1.20E-07 | 5.70E-09 | 3.09E-09 | 2.00E-09
(s 1.15E-08 | 3.63E-12 | 1.74E-12 | 1.66E-12

le+3
Te+2 4
Tes1 4

1e-6
te7 4
le8
1e-9
1e-10:

DIODE CURRENT (A/em’?)
)

te-14

00 02

04 0s

oe

10 12

FORWARD BIASED VOLTAGE (V)

Fig. 1 Forward biased J-J" characteristics

Fig. 2 Reverse biased I-¥ characteristics

B. Lifetime analysis

Minority carrier lifetime include recombination term and
generation term. Recombination term will concern center trap
in bulk and generation will occur in depletion region. So in
forward at high level biasing, depletion region width reach into
zero and generation term also is nearly zero. But in reverse
biased region, both terms will effect to minority lifetime.
Current in reverse region can be expression by

Jr=Jat J'., (2)
Jyen = qniWal gy 3)
Jaw=qV(Dp/ 7 n’INy @

when Jy, is total reverse current density, Jy, is diffusion current
density, Jy, is generation current density, W, is depletion
region width while reverse biased, 7, and 7, is generation and
recombination carrier lifetime.

And from- fig 3, depletion regions width at every reverse
biased voltage (W,) can be extracted from C-V characteristics
as TABLEL

258

JINCTION CAPACITANCE (Ficm %)

4 8 8 10 2
REVERSE BIASED VOLTAGE (V)

Fig. 3 Reverse biased C-V characteristics

Diffusion component and generation component can be
separated from total current by J4-#, method, show as the Fig
4. Diffusion current density (J4) can be calculated from y-axis
intercept and generation carrier lifetime can be calculated from
slope. This. method will be come true only low level biasing
condition, in this study choose between 2-4 V reverse biased.
After separating into 2 current terms, fig 5 shows only
generation current term. Generation current density of no
treatment diodes was very small because diodes is nearly ideal
diodes which generation current via center traps in depletion
region is very small. Thus, increasing generation current
density of irradiation diodes is cause from generation process
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via center traps which be created by irradiation. Likewise,
diffusion current depends on recombination process in bulk. So
center traps due to defects in bulk also affect recombination
current increase.

No Treatment
E-IrS0KGy
€417 100 KGy -
E-IrT 150 KGy e

0 187 267 37 ae7 se-7 6e7 7e7
DEPLETION REGION WIDTH OF REVERSED BIASED (cm)

Fig. 4 Reverse biased J4-W, characteristics

6e.7 4| No Treatment )
E-IT 50 kG /L
E-im 100 WGy %
se.7 4| E-m 150Ky .

GENERATION CURRENT DENSITY (Afom?)
$
3

REVERSE BIASED VOLTAGE (V)

Fig. 5 Generation current density characteristics

IV. CONCLUSION

Electron irradiation is a method which is used widely in
minority carrier lifetime modification, like other rays
irradiation, gold and platinum doped. This research presents
the effects of electron irradiation to electrical properties which
concern with degradation of diodes. Silicon PIN diode were
exposed by electron irradiation at high energy 1n different dose
to compare with no treatment silicon PIN diodes. Experiment
results show that after irradiation minority carrier life time was
extremely decreased, recombination lifetime was decreased
about 4 orders and generation lifetime about 2 orders. In the
other hand, saturation current was increased as a result to
reverse leakage current density increased. The increasing in
saturation current caused from generation and recombination

84

current terms were increased from center traps which be
created from irradiation. Forward biased region chart shows
dropping of high-level injection current after irradiation
because irradiation result to bulk resistivity was increased.

Moreover, in this experiment different level dose of
electron irradiation is not effect significant to minority carrier
lifetime but show extremely effects to cument conduction
characteristics.
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Abstract. Reverse leakage current (%) is a problem that degrade electrical characteristics and

pmu(ﬁo&eﬂkdivnﬁispapthdmpmﬂuﬂdimmdmﬂgﬁmmlﬁkﬂgﬁ_

carvent of N-type silicon power-diodes with different geometries. All power diode were fested in
3perimeter and effective areas as follows: 0.33 cm, 0.98-cm,1.72 cm and 0.022 co’, 0.062 an’
0.192 eny’, sespectively. We found ihe reverse leakage cument increase with the lasger junction
perimeterto effective arearatio(P)that meaning the iverse leakage current increase with perimeter
of the junction.

Introduction
P—NMumhMmmmWMnmmmmdum.
optoelectronics devices, power devices, efc: P-N juaction theory was wsed in designed and
W“’WM"%MM are impogtaat fof power diode design
and fabrication. One of them is junction perinteter - junciion area ratio(P/4) that is very impact to
safuration cutrent(J), reverse leakage curreny{x)and series rasistance(®,). All of them can direcily
obtain or estimate fron J-F andC-¥ characteristic curve. In generally, a good power-diode should
have low leakage cnmrent and high fooward cusventf2]. However p-nv diode may produce high
teakage current and low fonward current due to the geomefry of devices,such as peripheral area and
effective area of dice size{3].

mmomwsmmjmwmmmm
that produce as a resultfo high leakage cusent. The experiment will focus on power-giodes which
were desi ith different geometry.All power diodes wete tested in 3perimefer and effective
areas as follows: 0.58 cm, 098 cm.1.72 cm and 0.022 am’ 0.062 cre’, 0,192 o, respectively:. Thea
anatyzed andcompared the results by -FC-¥ charactentsiic curve and diode equations.

Experiment
The devices were used in the experimest, Were processed on n-fype silicon with different
geometry and jimction perimeier(P) 1 effective arsal ) satio(F/Ld), as shown in table 1.
Table 1. Comparisan of the diodes with diffecent geometry
Penimeter (cm) | Effective area(enr) | - Pid

058 0.022 26,3636
098 0.062 158164
1.2 0.191 9.0116

-V and C-V characteristic of the diode were measured with applied volage in rangeef 02V in
forward biased region and 0-10 in reverse biased region.

AR reserved. | oftus way
iﬁ%‘m bl

I any WA @ 9y S TIP.

86



126

Key Engineering Materials and Computer Science If

Fig.L. Current-voléage cher

(&) fi

Fig.1 show LV characteristics of Si power dides wich different effective areas. From this figure,

flactive areas

i and (b) reverse characteristics with different

the forward biased region, wecan get saturation crurent density(Jo) that given by

Q) = n(fy) + ﬂ

Equation(1)is linear equstion where J is curvent demsity,qg is elachon charge, ¥3 is the
voliage, T:mﬁ“mkuummnu&mmdkﬂ

diodes. The ideality factor from equation(!) car be written by

n= 1

Where slope can be found from J-/forward characteristics
Table 2.Comparison parametercan be extractedfromFig.1 Eq.1) and Eq.2)

pis JiAled) n @) Jx 5V (Ao’
263636 | 75750E-08 | 1.6136 0.0765 3.8093E-07
158164 G3943E08 | 16218 02180 3.1108E-07
90116 | [* 4777008 | 1.6233 | 0759 1,9908E-07
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Where slops of the curve is 2/(qeeN,). Thus, this equation can extraciparamietess, 25 shown in
fable3.

Table 3. Comparison buili-n potential{}) and doping coucentration(Va)

P T.W) Nfem™)

263636 07146 1450E+13

158164 D727 1.640E+13

IoUs 07497 1.961E+13
v ey V'S
o o T e cxer
P s ot I NN
axeen >_.".‘__ — y .5
R e e WY, o
1000 3 10w
L0 S N1 6 B DN 1, W 1+ T
g:m v braid
saEa ‘ S — .-:. ;:

. cnm—p———————. .
~ T - SO
£~ n-“.:m R ] a0 ame -.::.!ﬂ s "o

Fig.3. The (a) forward and (b) reverse curreat densityversus sifective srea with different voltage
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Fi&3¢mmﬂ&nﬁy¢0we&cﬁmmhhﬂnﬂmﬁm¢,q¢cﬁw&;
Both forwsrd aud reverse bissed, the current density decreased with larger effective area because
mmmﬂmmadﬁn.mo‘wmmmymdummu
voltage is smaller than built-in voltage. From table 3, Fi is not significant change with P4 ratio,
becanse Fis concem with basvier beight, which relate to both side of diode carries concentration.

—en. 0.5
— Y ]

e 10
— -t
— Y

Fig.4.The reverse current density (Jyversus junction perimeter(F) to function srea(4) reio(Pis) s
different voltage

mlmmmwmmmnwmm«ﬂaawmguf
Fa =05V, 075V, 1.0V, 5.0V,8.0V. The reverée current density(/x)increased with P4 ratio that
deseribed by

=) J @

Where J, is the reverse curent density, Jix is the ares current density component and Jp is the
Wmm:mrﬂ,&?[m:gwwﬁhmdﬁymhﬁ
3. The leakage current is dominated by peripheral area[6].

Conclasions

The affective aréa and junchion perimetar are very & with leakage eusrent. The larger P4
Tatio produced more feakage camrent That means inverse ge corrent increase with Perimeter of
the junction. We can reduce peripheral area o1 increase effective area for low leakage cumrent.
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Abstract

For industrial field, cost is one of the most important factors.
Especially discrete devices like a fast recovery diodes which
are produced by complicated processes. In case of over 7,
defect, reworking is required to limit the cost which is
increased. Owing to simple applied to finished ducts,
dearonbemnmadlmonlspmuedtommrkﬂ\em’lhs
study have exposed the irradiation to finished fast diodes which
high #, (300-400 ns) and considered effects of irradiation on
fast diodes after exposed. The result of experiment shows
irradiation can reduce #, after exposed depend on imradiation
doses from average 7, 350ns to 100, 60, 50, 40 and 35ns,for
irradiation dose 50, 100, 150, 200, 250 and 300kGy
respectively. Notwithstanding fast diodes after exposed were
degraded by irradiation. Forward voltage is added double at
50kGy and more in larger doses and reversed leakage current is
also slightly increased but did not affect to breakdown voltage.

Key words: fast recovery diodes, electron beam irradiation,
reversed recovery time, Mesa structure

Introduction

Nowadays, discrete devices became very cheap price; this is
good to electrical appliance manufacture and end user. Like a
double-edge sword, cheap price is enormous obstacle in
production process because the development cannot use high
cost equipment or tools: Fast recovery diodes, especially,
manufacture - want to produce in very high yield for

ing with high cost from production processes and
materials. A defect of fast diodes is #, over from specification
datasheet. These diodes might be scraped and affect to higher
production cost. As this problem has usually occurred because
fast diodes can be test 4 when they almost finished wafer
process so it is difficult to repair them in case of #; failure.

1, can be reduced by many methods including Pt/Au thermal
diffusion [1-3] or device structure modifications [4-5]. Failure
dxodesmemnotberewrkedbyboﬂ\mdhods This study
presents electron beam irradiati ethod for reducing #..
ElecmnbemnorE-bemmmdelymdformmldhceof
material by damage to bond between atoms. The dangling
bonds in silicon bulk will become center traps for R-G process
of minority carriers in fast diodes [6-7]. While exposing high
temperature is not necessary for E-beam, so this method can be
used after finished wafer or assembly processes. In addition,
cost of this method is less than 200USD. per up to 50 kpes”
depend on defect diodes quantity. But the cost of Fast diodes is

about 2500USD+ per 50 kpes™”.

The experiment has started by fast diodes which high #;
(about 300-500ns) were exposed E-beam with many irradiation
doses. Comparison parameters between before and after
exposure including reverse recovery time (#,), forward voltage
drop (V%), breakdown voltage (V3) and reverse leakage current
(Iz). The result of this have revealed effects of E-beam on fast
diodes which finished wafer processes with Pt-doped and
limitations of irradiation dose using.

Experiment

This experiment has been done on silicon pin power diodes
with Mesa structure [8-9). The diodes were fabricated by EIC
Semiconductor. First, N-type wafers with resistivity in range
35-40 Qecm, were diffused Boron and Phosphorus to form
p-i-n layer. Then lifetime modification was done by doped
Pt-atom into p-i-n wafers in high temperature furnace
(800-900°C). Then mesa structure had been form by etching
from p-side surface through p'n-junction by mixing acid of
HF-HNO;-CH;COOH. Then insulating layer had been done on
ﬂwpmd:onsuﬁeebyLPCVDof&l-LmszOhrooveﬁng
p'n-junction. End of wafer process, metallization was done on
contact window and the backside (n’-layer surface) and dicing
wafer into chips. Chips were assembled in conventional plastic

All assembled diodes were tested electrical properties before
and after electron beam irradiation to compare effect of the
irradiation. For testing, the diodes were separated into 7 groups,
each group 50 samples. GF000 is reference group, GF050-
GF300 were irradiated of dose in range 50-300 kGy, at energy
level 8MeV.

Fig.1 Mesa diodes stmcture

* Reference cost from Thailand Institute of Nuclear Technology (Public Organizer)
** This approximate cost base on axial lead diodes.
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Fig.2 Fimished fast recovery diodes.
Result and Discussion

The testing used TVR6000 and TRR analyzer for test #,, Vg,
Vp and Ip. All samples was tested and showed in distribution
chart graphs. Fig. 3 is the distribution of #,, shows that
irradiation can be reducing ¢, of Pt-doped diodes. Moreover
distribution of data after the irradiations is narrow from before
irradiation. The concentration of the recombination centers
were created by electron irradiation is proportional to the total
flux of the high energy electrons which bombard on the silicon
wafer per unit area [3]. This affect minority carrier lifetime was
decreased as equation].

Tse =UN,QA/v,,0, +1/v,,0,) 1)
Where Ny is number of center traps that created by the

irradiation. And £, is depend on minority carrier lifetime (7,.) so
tend of £, in Fig. 3 dropped when higher dose irradiation:

w
8

Reversed Recovery Time (ns)
g

&=

B\ A D)

V, =2kT/qin[J,d/2qDnF(d/ L)) @

‘When F(d/L,) is function which direct variation with ratio of d/L,,
d is thickness of i-layer of p-i-n structure and L, is diffusion length in
bulk of carrier.

§
~0--
o
—-

Forward Voltage Drop (mV)
g ¢
-
-

§

-

GF000 GF050 GF100 GF150 GF200 GF250 GF300

Fig 4 Finished fast recovery diodes.

In reverse biased region, the irradiations scarcely affect
voliage blocking ability. Fig. 5 cannot show any different in V3
of each imadiation group. High energy electron do not disturb
electrical field indepletion region. Because the field is result of
the positive charge (which loose electron in n-side) and
negative charge (which loose hole in p-side) due to electron
hole pair recombination after electron-hole diffusion in thermal
equilibrium [10]. But the dangling bond of electron beam is not
concern. However, defect of irradiations which b R-G
center traps and made saturation current higher from generation
current in depletion region and diffusion current in neutral
region were increased [7,9] So reverse current is slightly
increased as fig. 6.

s bbai i

i 2

£

—-—

GFO00 GFOS0 GF100 GF150 GF200 GF250 GF300

Fig.3 Finished fast recovery diodes.

Even through higher dose can reduce t,, the defects also
reduced conduction ability in silicon bulk as we can see from
fig. 4; Vg is increased and very high level depend on irradiation
dose. When high energy electron bombard to lattice of silicon

and made dangling bonds which became center traps of carriers.

Since lifetime of carrier was decreased and diffusion length is
shorter so internal bulk resistance so is increased. Vp increasing
can be expression by equation 2.

Breakdown Voltage (V)

§ &

*x
=

g

GF000 GFUSO GP100 GF150 GF200 GF250 GF300

Fig.5 Finished fast recovery diodes.
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Fig.6 Finished fast recovery diodes.
Conclusion

This study paper wants to show that fast recovery power
diodes which failed in ¢, in production process. The experiment
took the fast diodes that finished from industry in electron beam
irradiations. From the experiment, fast diodes can be repeatedly
reducing #,, though they finished processes. Nevertheless, £,
reworking still limit by degrading from high energy electron
bombard. The structure was damaged and degraded current
conduction ability which cause to very high V.

In practical, in case of 4, failed, trr of NG diodes will be over
spec a little bit. So we can rework them by e-beam by low dose
irradiation which less effect to other electrical properties.
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