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ABSTRACT

For the purpose of designing and selection then@itidevice for a particular application, device amatuit
engineers has to analyze the between competingateVvihis article presents a comparative studyuofeat voltage
characteristics for PIN diodes. Three differentsset doping concentrations are studied for eaclheffive different
material PiN diodes. The PiN diode is simulatechgd?-TCAD software. For the same diode structufeat$ of different
doping on different materials are studied and Vérelteristics are plotted based on simulated mestilte change in
doping concentration resulted in almost negligibleange in threshold voltage. Whereas large incréassurrent is

obtained for increase in doping concentrations.
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INTRODUCTION

For the purpose of designing and selection then@itidevice for a particular application, device amatuit
engineers has to analyze the between competingetei PIN diode is different from a normal diodscause it consists
of a wide, undoped intrinsic semiconductor regietween the p and n type semiconductor
region. The p-type and n-type regions are heawlyed so as to form ohomiccontacts . Due to thisdrides are not used
as rectifiers [1]. Instead, PiN diodes are exteglgiused as attenuators, photodetectors, fastreféctswitches. The main
use of PiNdiodes are in high voltage power appbest In the last decade PIN diode materials haentevolved from the
commonly used semiconductor materials like Ge &rid $arious other semiconductor materials. SiC €amo being the
most potential candidate and later other amorpffious of SiC came into use [2,3,4]. The two mainBed amorphous
forms of SiC that are used are SiC-H4 and SiC-3€viBus works based on SiC based PiN diodes hawersh strong
potential for use in high-speed and high-voltage/groelectronics operations at high temperature @vetpto that of Si
PiN diodes. Switching performance of 4H-SiC dioslesuperior to the ultrafast Si diodes [5,6]. Anotbemmonly used

material InP is also considered in the simulatmmnitfis used for PiN photo-detector applications.

Devices of different structures and materials casimulated with VTCAD. Also it provides options fthanging

concentration of the simulated device for the paepof studying them.

This article presents a comparative study of curveitage characteristics for PIN diodes. Threéedént sets of

doping concentrations are studied for each of e different material PiN diodes. The PiN diodesimulated using
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V-TCAD software in the view of studying the effeaif different doping on different materials on te&me PiN diode

structure and to plot their VI characteristics based on simulated results.
Structure & Operation of Pin Diode

A PIN diode is a diode with a wide, undoped intitcreemiconductor region between a p-type semicaiod@nd
an n-type semiconductor region. The p-type andoe-tggions are typically heavily doped because #neyused for ohmic
contacts. The wide intrinsic region is in contrasan ordinary PN diode. The wide intrinsic regioakes the PIN diode an
inferior rectifier (one typical function of a diogébut it makes the PIN diode suitable for atteatmtfast switches, photo

detectors, and high voltage power electronics apptins.

A PIiN diode operates under what is known as higktlénjection. In other words, the intrinsic "i" gi®n is
flooded with charge carriers from the "p" and "Bgions. Its function can be likened to filling upvater bucket with a
hole on the side. Once the water reaches the Helekit will begin to pour out. Similarly, the atie will conduct current
once the flooded electrons and holes reach anilequih point, where the number of electrons is égodhe number of
holes in the intrinsic region. When the diode isMard biased, the injected carrier concentraticiypgcally several orders
of magnitude higher than the intrinsic level cardgencentration. Due to this high level injectievhich in turn is due to
the depletion process, the electric field exterekspdly (almost the entire length) into the regiohisTelectric field helps in
speeding up of the transport of charge carriens foto N region, which results in faster operatbithe diode, making it
a suitable device for high frequency operations.

A PiN diode obeys the standard diode equationdar frequency signals. At higher frequencies, thmddilooks
like an almost perfect (very linear, even for lagignals) resistor. There is a lot of stored changhe intrinsic region. At
low frequencies, the charge can be removed andlitide turns off. At higher frequencies, there i$ @aoough time to

remove the charge, so the diode never turns of.AIN diode has a poor reverse recovery time.

The high-frequency resistance is inversely propoei to the DC bias current through the diode. N Elode, suitably
biased, therefore acts as a variable resistor. fAigisfrequency resistance may vary over a widgegfrom 0.1 ohm to 10
kQ in some cases the useful range is smaller, though)

The wide intrinsic region also means the diode ale a low capacitance when reverse biased.

In a PiN diode, the depletion region exists almamshpletely within the intrinsic region. This dejdet region is
much larger than in a PN diode, and almost consderet, independent of the reverse bias appliechéodiode. This
increases the volume where electron-hole pairdbeagenerated by an incident photon. Some photadeteevices, such
as PiN photodiodes and phototransistors (in whighliase-collector junction is a PiN diode), uséMjBnction in their

construction.

The diode design has some design tradeoffs. Inagdbe dimensions of the intrinsic region (and stered
charge) allows the diode to look like a resistotoater frequencies. It adversely affects the tineeded to turn off the
diode and its shunt capacitance. PiN diodes witdilered for a particular use. The 2D structui@,Rructure and Biasing

of PiN Diode are shown in Figure bellow.
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Figure 1: 2D Structure of Pin Diode
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Figure 2: 3D Structure of Pin Diode
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Figure 3: Biasing of a Pin Diode
Device Simulation Using VTCAD

Using V-TCAD software the PiN diode is simulatedheTPiN diode consists of highly doped n+ and p-eilay
and a lightly doped p— buffer layer separating phecontact layer from the intrinsic region. The p+,i and n+ region
thicknesses considered in this simulation is 80A@mm, 600nm and 300nm respectively . The final tted device

structure is shown in Figure 4. Three differentantration sets are considered for each matersth@sn in table I.

Table 1: Doping Concentration and Thickness Specifations of the Simulated Device
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Figure 5: Simulated Pin Diode Structure Using VTCAD
Result Analysis

Five different materials namely Silicon (Si), Germman (Ge), Silicon Carbide Tri Carbide (SiC-3C)Ji&in
Carbide Tetra Hydride (SiC-4H) and Indium Phosph(ihd®) are chosen for the simulation purpose. Fmhematerial
three concentration sets (except for InP, wherg tvab concentration sets are taken into accoumt)cansidered and the

current voltage data is obtained in each case.llfFitfze 1V characteristics in each case is plotfed the purpose of

comparison.
Current (A)
Vapp (V) SET1¢18161%)  SET2(201820)  SET 3 (222022)
1.00E+01
0 278E-16 577E-16 7.44E-14
05 2.22E-11 1.10E-11 1.07E-11 800E0
1 0000510757 5.47E-05 2.79E-05
6.00E+00
15 0.0122844 0.363169 0.749869
= ——5i(181618)
> 0.0247814 1.07%42 273535 $ oo -
25 0.0322335 1.68467 4.60266 = B
3 0.0352898 21428 6.05004 S
35 0.0363847 246383 7.22668
0.00E+00
4 0.0368303 2.68393 8.0909 9 . # # * ? E‘
43 0.0370471 28378 8.75192 2006400 Vage (V)
5 0.0371696 2.94915 9.250%4

Figure 6: I-V Characteristics of Si Pin Diode at Diferent Concentrations
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Figure 7: 1-V Plots for Ge Based Pin Diode for Thre Different Sets of Doping Concentrations
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Figure 8: I-V Plots for Sic-3C Based Pin Diode foiThree Different Sets of Doping Concentrations
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Figure 9: I-V Plots for Sic-4H Based Pin Diode foiThree Different Sets of Doping Concentrations
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Figure 10: IV Plots for INP Based Pin Diode for Thee Different Sets of Doping Concentrations
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Figure 13: IV Plots for Pin Diodes for Doping Concatrations SET 3

Table 2: Pin Diode on Voltages and Anode Currentof Doping Concentration SET 1

. On Voltage Anode Current
Material V) (A) At 5V
Ge 0.5 0.0355
Si 1 0.0355
SiC-3C 2.8 0.035
SiC-4H 3 0.019
InP 1.2 0.026

Table 3: Pin Diode on Voltages and Anode Current foDoping Concentration SET 2

Material | ©" Voltage | Anode Current
V) (A) At 5v

Ge 0.8 1.3

Si 1 2.9

SiC-3C 2.7 0.68

SiC-4H 3.2 0.15

InP 1.4 1.15

Table 4: Pin Diode on Voltages and Anode Current foDoping Concentration SET 3

Material | ©" \(/\(;;tage AnodeACt:uSr\r/ent (A)
Ge 0.8 9.5
Si 1 9.5
SiC-3C 3 6.5
SiC-4H 3.2 0.7

CONCLUSIONS

The ON voltage or the threshold voltage remainsoatnsame for each material for change in doping
concentrations. Thus the ON voltage is only maltelégpendent and independent of doping. On the dtaed we can see
that the anode current is highly dependent on dppivith increase in doping concentration the curfargely increases
for same material. The |-V plots for each of theefimaterials at three different sets of concemmatire shown in
Figure 10, 11 & 12. The corresponding values of ¥oMage and current at an applied voltage of 5Veach material at

three different materials is shown in tables I &lIIV. Thus a device engineer could choose theidg@and material based
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on the results of this simulation to satisfy theuieements of ON voltage and current range.
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