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ABSTRACT 

The annealing behaviour of 1 5N implanted, aluminum doped 

-SiC has been studied by measuring the differential capacitance 

as a function of applied bias. The samples were doubly impla.nted 

' . 16 2 
at 450°c with 45 Kev and 25 Kev ions, for a dose of 10 ./cm 

at each energy. 

An n-i-p structure wit~ a thick i~sulator region was found 

after annealing at 1000°c. The thickness of this i region 
. 

co.uld be substantially reduced with additional anneali.ng at 

higher t~mperatures, and a fairly ~ood n-p junction was obtained 

after 14ao0 c anneal. 

Abou~ 20-30% iof the implanted nitrogeh ions were.found 

to be ele~trically active~ 

The C-V behaviour was found to have large variations with 

the a.c •.measuring fre'quency. 

http:anneali.ng
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CHA PT EH . l 

l.NTHOUUCTlUN 

1.1 Why SiC 

Sic is not a new material, however, not until the fifties 

did researchers realize and begin to exploit its potentialities 

as a semiconductor. ln the closing remarks of the Third 

International Conference on Sic -- 1973, c. E. Ryan summarized 

the device· potential of SiC as :(l) 

1. High temperature devices 

2. Hieh power devices 

3. High frequency devices 

4. High radiation resistant devices 

5. High reliability devices 

6. Cold cathode devices 

7. LED devices 

8. Schottay diode devices 

9. specialized devices: 

(a) UV Detectors 

(b) Radiation Detectors 

(c) High temperature photocells 

(d) Heterojunction devices. 

The parameters which make Sic such a potentially iniportant 

semi~onductor matetial are its exceptionally lar~e band gap (- 3 eV), 

chemical stability and good thermal condu~tivity. These factors 

enable SiC to operate in high temperature environments, at 
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high po~er in normal environments and at high current densities. 

The ability Qf Sic to operate in high temperature environments 

where other materials break down is of par~icular interest. 

Table 1.1 lists the intrinsic carrier concentrations of SiC 

along with Si and Ge at different teinperatures (assuming: Eg' s are 

constant). 

Table 1.1 

Intrinsic Conc~ntrations of Sic, Si and G~ 

- E-e 
JOO

0 
K 

1000" K 

1500(\ I\ 

SiC . -· 1 

2.9 eV ! 
., - . l 

2.0~10-5/cm3j 

8.)1-107 


. l.)itl0 13 


6.4•10 15 


Si 

1.2 eV 

16

It can be seen here that for a doping level of about 10 /cmJ, 

Ge devices will break down for T <. 600 K, Si devices will lose 

their extrinsic properties at T"' 600 K. However, devices made 

0
from SiC can function normally at tempera~ures well over 1000 K. 

Physically, Sic exists in the hexaf{onal (~) and cuhic ((3) 

phases, ·with the i.,{ phase occurring in a variety of polytypcs. 

The bondinf~ of Si a11d C atoms is basically covalent, with about 

12% ionic bondinP,. Sic is a brittle material, with a hardness 

just below diamond. lt is not attacked by almost all known 

etching solutions except orthophosphoric acid at 215° c.( 2 
) 
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1.2. 	Why !on Implantation 

The progress in Sic technology ·has been relatively slow and 

painful in comparsion with Si in the jast two decades. The 

main reasons are: 

(i) 	good quality, reproducible single crystals are 

hard to grow, 

(ii) fab~ication difficulties, and 

(iii) lack of strong economic incentives. 

For the various methods of ~rowing Si~ crystals and their 

problems iDvoLved, readers are refe~r~d to the te~hnical papers 

appeared in the three proceedings. of the lnternationa1 Conference 

on SiC. (J) 

To fabricate semiconductor devices, dd.ffusion method has long 

been the most common a.nd well developed ·technique, however, for 

SiC~ it requires a process temperature of over 1800°c and long 

proce_ss times. At such a high temperatu~e, surface of Sic 

di~s~ciat~s, ~his makes the.P~ocess extremely hard to perfor~~ 

In addition, it is not possible to use passivating 6xide layers at 

these temperatures to mask against di~fusion, fuaking precisi6n 

fabrication of Sic planar devices very difficult. P-N junctions 

have been fabricated, but the techniques have not, yet been 

fully developed.( 4 ) 
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Because of the difficulties experienced in controllably 

dopirtg Sic by the standard processes, scientists begin to look 

at ion implantation as an alternative doping technique. 

Ion 	implantation holds good promises, however, it is not 

without problems. After implantation, a badly damaged surface 

' 
layer will be formed, the position and width of the layer depend 

on tbe dose and energy of the implanted ions. These radiation 

d~mage effects result in cornpensating defect donor and acceptor 

levels which must be annealed out. Also the implanted dopant 

must 	 lockte on a substitutional site to become electrically active. 

Marsh and Dunlap ( 5 ) found a p-i-n device behaviour.for junctions 

] 5 2formed by doubl~ nitrogen implant of 10 - /cm at 84 KeV and 

' 15 2 010 /cm at 25 KeV after high temperature ahnealing (over 1000 C) 

and observed a normal p-n junction when samples are annealed· 

up to 1500°c. However, when the same authors· tried to impla·nt 

group Ill elements (B, Al, Ga, In,·Tl) into n-type SiC with 

subsequent anneals tip to 1700°c, no type conversion was observed. 

The presence of electrically compensating defects was suggested 

to explain this negative results. 

l.J 	Objective of present work 


The purpose of this work is to investiRate the potential 


of nitrogen i~plantation into p-type Sic as a suitable process 

for 	forming junctions and hence devices, and to determine 

problems involved and potential solutions. 
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1.4 The Procedure 

Samples us~d were Aluminum doped 6H ~-Sic, kindly pro~ided by 

the Westinghouse Astronuclear Laboratory. The total aluminum 

19 J"'concentration was found to be about 10 /c1n by neutron activation 

analysis. All samples were doubly implanted with 45 K~V and 

25 KeV N15 ions at a substrate temperature of 450°c. Implant 

conditions chosen are believed to be potentially suitable conditions 
( 6)

from previous results of Campbell etal. Double implants are 

required to approxJmnte a linear distribution of ~mplanted ions. 

15 12N15. isotope was chosen so that the N (p,~)C nuclear react~on 

could be used to study the lattice location of the implanted nitrogen 

atom~ using channeling technieques. The samples were 

10 16 . I 2i mp 1 an t e d t o a d ose o f 2 ~ ions cm • The.calculated doping 

21 3concentratioris were approximately 10 /cm throughout the region of 

peak concentration. 

· The implanted samples were annealed at stages up to a maximum 

a~ailable temperature bf 14ao 0 c. At each temperature, electrical 

properties of the samplep were investigated through C-V measurement. 

10 18/ J ' . 	 .* 	Va 1 ue suppli e d by manufac t·urer was cm , which was probably 

a t:ompensate.d value. 
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CHAPTEH 2 

ELECTH!CAL COl\TACTS 

2.1 General Theory 

To investigate the properties of semicdnductor devices, in 

most cases, the metal contact to the semiconductor is extremely 

. * impor-tant. Usually it is desired that the contact be ohmic. 

In principle, this means a contact which has a linear 1-V relationship 

in both dire~tions. 

The basic principles for ohmic .contacts has b~en treated in 

detail by Milnes and Feucht(?). Theoretically, thete are three 

major approcaches to achieving an ohmic contact: (a) by choosing a 

metal with the proper relative Fermi level so that the barrier is 

small for thermally excited current. (b) by heavily dopine'the 

semiconductor near the junction so that the current can be carried 

by quantum mechanical tunnelin~ through the barrier, and (J) by 

introducing numerious recombination centers in the interface region 

on the semiconductor side of the junctidn. 

In practice, the first approach works good only for the more 

ionic semiconductors, e.g. ZnS. for covalant semiconductors such 

as Si, Ge and GaAs_, the resulting barrier tends to remain constant 

for all metals regardless of the metal work functions, because of 

the existe~ce of large number of surface states. Therefore, the 

second appraoch is generally used, i.e. forming a very heavily doped 

semiconduct6r region between th~ ~etal and bulk semiconducto~. 

* I~ .some cases, for example, a Schottky diode, rectifying contatt 
is needed. However, the back contact to the diode is still desired 
to.be ohmic. 
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This method works quite well for Si, Ge and GaAs. However, .for 

wide band gap semico~ductors such as 5iC, it is diffiriult to obtain 

the required heavy doping because. of their tendency to compensate 

for the introduced foreign atoms by the formation of nativ~ def~cts 

of t~e op~osite type. 

Z.2 Ohmic Contact To SiC 

Because the conventional theoretical approaches to achieving 

ohmic contacts do not work good on Sic crystals, researchers tend 

to solve the problem by trying diff~rent metals and metal alloys 

under varying conditions. A search into the literatures has been 

made, the metals reported forming ohmic contacts to Sic are 

summarized in Table 2.1. 

Table 2. 1 

Various Metals Reported as Ohmic Contacts to Sic 

Conductivity 
Metal Process Reference~ 

In-Ag, Al-Si n,p soldered 5 

Tungsten n bonded in vaccum at 8. 
1900°c 

Tungsten n,p fused at 1900°c 9 

Si-Al, Si-U p fused at 1700°C ~ 

n,p alloyed in vaccum 10 

Au-Ta n alloyed in vaccum at 
1250°c 

12p doped Si fused at l~J2°C 

11 
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Table 2.1 (Continued) 

Metal Conductivity Process Heference 
Type 

Pt evaporated in vaccum 12 

annealed at 1J4o0 c 


Cu.-Ti, Al-Si p eutectic. alloy 1) 


Au sputtered 14 


Ti n evaporated in vaccum 15 

at 250°c 


Pt-Sn n,p alloyed at 180o0 c 16 


Ni solution electroless plating 17 


From Table 2.1, it can be seen that in most cases, high . 


alloying or fusing temperatures are required. Such high temperature 


processes are particularly undesirable for the present work, 


because the electri~al properties of.the implanted junction at 

be 


different annealing temperatures are to investigated and thus, 


heatin~ the samples up to. a high temperatur'e in a single step is 


out of question. Therefore, .it was decided to investigate the 


contact problem more fully in the hope that ohmic contacts could be 


madeAwitho.ut high t.emperature treatment. 


The process used was vaccu~ deposition of metals or metal 

.alloys. A set of blue-black (heavy p-type doping) and green 

(n-type doping) 6H SiC crystals were used. The sample. were 

cleaned and then etched in HF solution for a few hours before contacts 

w~re made in high vac~um (with pressure less than lo-5 torr). 

Subsequent annealings were performed in some cases. The contacts 

were checked with a curve tracer. 

5 .... 2 .... 

http:madeAwitho.ut
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The results dbtained are tabulated in T~ble i.2. 

Table.2.2 

Metal Contacts to Sic 

Me~al Conductivity Anne a 1 inr; Contacts Contact + 

Type (Temp./Time) Hesistance 

In-Ag alloy n,p non-ohmic 

430°-c/20 1 non-ohmic 

·Ti + Au n,p non-ohmic 

ll00°C/l0 1 non-ohmic 

Sn + Nier n non-ohmic 

800°C/10 1 non-ohmic 

Sn + Au n non-Ohmic 

800°c/10 1 non-ohmic 

In + Au n non-ohmic 

800°c/10 1 . non-ohmic 

In + Ag n,p non-ohmic 
0 

C/ 10 I500 non-bhmic 

Nier n,p non-ohmic 

80o
0 

c/10 1 non-ohinic 

Mg + Au n non-ohmic 

200°c/15 1 non-ohmic 

650°c/l5' non-ohmic 

Bi + Au n non-ohmic 

0 
240-C/15' non-ohmic 

275°c/60 1 ohmic at 
low voltage 

N 20K 
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Table 2.2 (Continue) 

Contact+Metal conductivity Annealing_ Contacts 
. (Temp./Time) Resistance 

~ 

non-ohmicCr 	+ Au p 

11 ohmic at 100 .1L 
low voltage 

n non-ohmic 

700°C/15' 	 non-ohmic 

non-ohmicp 

500°c/15• non-ohmic . 

6oo 0 c/15' non-ohmic 

40 	 _fl..66o 0 c/10• ohmic 

700°c/10• ohmic JO fL 

750
0 
c/10• 	 ohmic 150 .fl. 

+ contact re~istance depends strongly on the doping level of 
th~ particular sample, it is listed here just for illustrative 
purpose. 

++ 	Al melts at 66o 0 c, for annealing temperatures higher than 
660°c, a layer of gold was evaporated on top of the Al contacts • 

. It can be s·een that, Al made satisfactory contacts to p-type 

SiC with acceptable low heat treatment (66o 0 c>. .Therefore, it 

was chosen to be the contact metal in subsequent experiments. 

However, it turned out that ~he process did not work.for 

the implanted samples. lnstead of forming oh~ic contact to the 

p-substrate back face, Al contact was found to be ohmic-to· the 

implanted face instead. The failure to form ohmic contact t6 

the b~ck face is probably because of the h~gher resistivity of 

the samples.used. Similar failure has been reported by Frick.(lZ) 
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The formation of oh~ic contact to the implanted face was 

a bit puzzling. From previous studies,(5, 6 ) it was found that 

an ·insulating layer was formed und.er the surface after implantation, 

therefore, the apparent ohmic· contact formatio11 muet be resulted 

from some surface effects, which have nothing to do with the 

semiconductor bulk properties. This be lief ·was supported- by 

later experiments, a metal - (n)semidonductor junction was observed 

after the implanted nitrogen becomes electrically active, although 

the surface ~as still ohmic. 
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CHAPTlm 3 

DIFF~RENTIAL CAPACITANCE MEASURING TECHNIEQUE 

).1 C-V Measurements 

In the stt,1dy of semiconducto,r Jun ct ions, C-V measureme,nt 

technique is a powerful analytical tool. From the C-V curves, 

m~ny properties of the junctions can be dedubed. 

In the capacitance measurement, a d.c. electric field is applied 

across the junction. For a given applied fi~ld, a definite charge 

distribution in the device will arise. The differential capacitance 

of the resulting semiconductor space-charge region is then measured 

by superimposing a small a.c. voltage on tbe d.c. bias. Tbe 

differential capacitance as a function of applied bias is plotted 

with an automatic display apparatus. A detailed description of the 

measuring system used can be found in reference 19. 

In the present study and studies by earlier investig~tors(5), 

an implanted sample was found to show an MIS device behaviour 

when anneale4 ai temperature~ less than looo 0 c. After l000°c 

or higher temperature anneal, a ~-i-n structure and then a 

rather go~d p-n ju~ction was observed. 

C-V behaviour of an MIS device, an n-i'":'p structure, and 

an MS and p-n junction are outlined in the followin~ sections. 

Possible ~nterpretations of th~ C-V curves obtained are also 

dH!CUSsiad. 
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J.2 	Ideal MlS C-V curves 

Theory 	of· the MIS structure has been considered in detail 

(20 21) ­elsewhere ' , here only a brief description.is given. 

Consider a p-type HlS diode shown below • 

.Metal contact metal back crinta~t 
r · .· -1 r 

p substratefl/jOxide: 

I I ! 

0-­

I . 
L. ---- .. L._.. 

Fig. 	J.l An MlS diode 

A _d.c •. bias, VA is applied between the metal electrodes. 

For the ideal case, effects of the work fun.ct ion difference 

between the metal nhd semiconductor, and surfaces states are 

ignored. The resistivity of the ~nsulator is assumed to be 

infinite. 

When the diode is forward biased with a negative VA, the 

majority carriers (holes) in the p-substrate will be attr~cted to 

the insulator interface. There will be an accumulation of holes 

and therefore a hi~h differential capacitance of the semiconductor 

substrate. As n result, the total capacita~ce measured will be 

roughly constant and close to the insulator capacltance alone. 

It is indeperident of VA and is given by ~ 

http:description.is
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(3 .1)= 

where is the dielectric constant of insulatorK.l 

Eo is the free space permittivity (8.85 'f. io- 14 F/cm) 

A is the me ta·l contact area 

t is the insulator thickness 
i 

For positive VA' the diode is reverse biased, holes will be 

repelled from the insulator - semicortductor interface and leave 

behind a region depleted of ~obile carriers. This depletion region 

in effect adds to the thickness of the insulating layer and hence 

the total capacitance decreases. Since the width of the depletion 

region depends on VA' the total capacitance is also a function 

of the applied bias and can be shown equal to: 

. ' 1 
-2 

(). 2) 
= 

where is given by (). 1)Ci 

q is the electronic charge 

is the compensated substrate impurity- concentrationNA 

K is the dielectric constant of. semiconductor 
s 

Upon further increase in the applied voltage, minority carriers, 

created mostly by thermal generation, will be attracted to the 
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vicinity of the insul~tor-semiconductor interface and form a 

narrow inversion region. This inversion layer will shi~l~ the 

semi~onductor substrate from effects induced by further increases 

in VA. The ~epletion region thus stop~ iricreasing and correspondingly, 

the capacitance reaches a constant. minimum value. This is 

called the high frequency capacitance. 

If the measurin~ a.c. signal has frequencies low enough 

in comparsion with the generation rate of minority carriers, the 

electrons in th~ inversion region will be able to f~llow the 

variation of the signal, the depletion region becomes •transparent•, 

an.d ·the total. capacitance will ri_se again to that of the insulator 

This is the low frequency capacitance. 

If the capacitance is measured under.such conditions that 

minority carri~rs cannot accumulate near the surface in 

the bias range correspondin~ to inversi6n, the depletion capacitance 

will be obtained. This situation may b~ encountered if the 

insulator is ~ery leaky, or ~f the numb~r of minoriti carriers 

present is negliRible. 


The capacitance-voltage c.haracteristics of an ideal MIS 


diode are shown in Fig. )~2. 

Due to its wide enerv,y gap, SiC has a neR1igible minority 

Therefore acarrier concentra·tion at room temperature. 


very slow minority carrier generation rate would be expected; 


hence no inversion layer should be formed in the 


Later experiments
semiconductor surface at the interface. 
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indeed proved this impossibility, depletion capacitance was 

obtained for measuring frequency as low as 200 Rz. 

c " 
Low frequency capacitance 

·.'( 
I ', 
I ' 

·,, 
"-,_ IU~h frequency capacitance 

~--·-------·----- .. 

,, 
Depletion capacitance 

Fig. J.2 C-V Characteristics of an Ideal MIS DIODE. 
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J.J C-V curve ot implanted SiC -- low temperature anneal 

A typical C-V curve of nitrogen implanted p-type Sic* obtained 

' t in the present work after low· temperature anneal is shown below. 

\ c 	 (pf) 

'1 
I 	 SiC-2-006 

A00°c Anneal2,000 
f,,,,500 Hz 

. 
I 

'I 
,1 

I 
; 1,500 

c.
113 

J·-•I........-·- -- . ·-., . 

\ ., 

1,000 

v•-r- -.­ 13D ­ A 

•, 
I 

. ! i 500 I 	 :'·' ·.I ....J____t___'.. ·-'-- J ­

0 	 5V-5V 

Fig. ).) C-V curve of nitro~en impl~nted ( p) SiC 
-- after eoo 0 c 10' anneal • 

.I<'rom 1''iF,. ).), three distinct re~io11s, A,IJ, and D can be 

identified. 

(i) Region A is the reverse biased region. The total 

capacitance is seen to follow the depletion capacitance. Eq. (). 2) 

* 	 Doubly implanted with 45 K.eV and 25 l\eV Nl5 ions at a substrate 
temperature of 450°c, to a total dose of 2 ~ 1016 ions/c~z. 
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is valid in this region. The compensated substrate impurity con­

centration NA can be deduced as follow. 

Equation (J.2) can be written as: 

2 

1 
2K 1 i: 0 

== + 
qN K t2

A s i 

Since 

K. E A
.l 0c. 

.l 
= (J. 1) 

2 2K~l l t· J. . .l E o 
+2 = 2 2 2 Ji! 

v
A

. 
c Ci K.

.l 
«:: 

0 qNAKstI 

l 

7 i 
+ 

By plottin~ 1/c2 a~ainst VA, NA can be found from the slope 

of the plot. 

2 (J. J)NA = 

where Sis.the sldpe of the l/c2 vs v 1 tA p o 
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(ii) Region U is the forward biased region. The total 

capacitance is given by the insulator capacitance,Eq.(J.1).
: 

Since the insulating layer is actually the damage layer incurred 

by implantation, equation (J.l) can be used to estimate the 

junction deptha 
' 

= 
• 

(iii) Region D is the breakdown region. When a large 

enough forward bias is applied, the insulator will breakdown 

~nd become conducting. The capacitance will then rise rapidly. 

The maximu~ ~olta~e that an insulator can withstand without 

breakirtg down depends on how. good tlw insulator is. The better 

the insulator,- the higher the breakdown voltage (v 80 ) will be. 

Therefore, v may be used as a good indicator in comparing the00 

relative degrees or damage left after different annealing 
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3.4 	C-V Curves of an N-P Junction, an N-1-P Stru6ture and an 

M-S Junction. 

Consider the abrupt n-p junction as- shown below. 

ll 	 p 

VA 	 ~-- -· 

(a) 

I·-·--· 	 - ·r· -· -··· 
I (f) I 

n I(• I p 
: (1) I I ., I 

VA ('­ I (' '\ J ~ . ' : 
I '• 	 ' 

(+ve) 

( b) 

Fig. 3.4 (a) an abrupt n-p junction 

(b) ~ith reverse bias 

When the junction is reverse biased, holes in the ~ region 

and electrons in the n region will be. repelled away from the 

junction. Depletion reF,ions will be formed ir1 both sides of the 

junction with depletion widths Ln and LP in the n and p reF,ions 

respectively. ·The capacitance is thus given by 

c = 
L 

11 

and this can be expressed in terms of the doping- levels, Nn and 
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bias (22)
NA' 	 and the applied VA as: 

(J. 4) 

where VA 	 is positive if the bias is in the forward direction, 
nep,ative if reverse. 

Vbi 	 is the built-in voltage of the junction and is given 
by 

l\T 
= ln 

q 

N. is the semiconductor intrin~ic carrier concentration. 
1 

For an unsymmetrical barrier with one side more heavily doped 

than the other, e.p,. N0 »NA' Eq. (J~4) can be reduced to a simpler 

form, 

(J.6) 

which can also be writte·n as 

1 	 2 
(J.7)= ~ c 

Therefore, by plotting 1/c2 vs VA' a straip,ht line should 

be' obtained.. Vbi can be deduced from the x-intercept of the 

curve and NA can be found fro~ the slope of the straight line, s 

c 

c 
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2 (J.8)= 

It should be noted that this is the same •s Eq.(J.3) for 

the MIS structure. 

An n-i-p st ru c tu re has essentially the ·same C-V response 

as an MIS diode. When reverse biased (Fig. J.5 b), the total 

capacitance of tl1e n-i-p structure is a series combination of 

the insulator and depletion regio~s capacitances. lf L is 
n 

much smaller than LP' i.e. the n region is much more heavily doped 

than the p regior1, the total capacitance will be the same as that 

of an MIS diode and is ~iven by Eq. (J.2). 

When the structure is fbrward biased, only the insulator 

capacitance will be measured and the total capacitance will have .. 

a co~stant value until the insulator breaks down. 
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An MS junction can be considered as a p-n junction with 

one side much more heavily doped than the other. Equations 

derived ror an n~p junction in the previous pages can be applied 

equally well here. 

3.5 C-V Curve of lmplanted Sic -- High Temperature Anneal 

A typical C-V curve obtained for an implanted sampl~ * after 

120o0 c anneal -is shown in the following page. A nota~le feature 

of the curve is the coming down of the total capaci:tance in region 

E. Regions A, B, and D can be readily explained by an n~i-p 

structure+. To accout for the behaviour int region E, the 

aluminum contact to the implanted face (which ha~ now been 

converted into n-type) has to form an MS junction with the crystal 

rather a resistive contact. The sample will then have a structure 

as shown in Fig. 3.7. 

Metal 	 back contactp __ eta1
Contact I 

I· ~ · r 
I 	

r 
I . /I
['/ I 	 ,,11 . 	 1 ·. .
l " 	 II 	 1 
L..-	 :~J 

,. 
11 	 ,, 

· -l I· l 11 ! -- --------·-.. ·- I.I
1 1 • 	

·' 

I 	 • • 

c C . C. C . pmn n1 1 1 cpm 

Fig. 3.7 	 A Possible Model fo~ Implanted Sic after 
Hi~h Temperature Anneal wi~h Individual 
Capacitan~es Showh in Series. 

* See footnote in P. 1 ·r 
+ The presence of an n-rei~ion was confirmed by thermal probe test. 
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The total capacitance of the structure will be the series 

combination of all the capacitances present arid is dominated 

by the one with the lowest value. C is the metal-semiconductor pm 

junction capacit~nce of the back contact. lt is included here 

because of the failure of making good ·ohmic contact to the 

p-substrat~ (Section 2.2); ~owever, the presence of this 

additional capacitance does not s~em to affect the C-V behaviour 

as will b~ seon l~ter. 

In Fig. J.7, when VA is positive, both the front and the 

back MS junctions are forward .biased. 

have large differ.ential values. The n-i-p structure, on the 

other hand, is reverse biased. Therefore, the total capacitance 

is essentially the same as the reverse biased n-i-p structure. 

This is region A in Fig. J.6. lf the n-regiOn is much more 

heavily ct;oped than the p-region * , region A can be used to deduce 

the dop~ng concentration of the p-region as described in 

Section·).) • 

. When VA takes a negative value, both MS junctions are reverse 

biased while the n-i-p structure is forward biased. The 

capacitance of a forward biased n-i-p structure is just the 

insulator capacitance c as discussed in the previous pages.
1 

. . 
Tha total capacitance is therefore a series combination of 

·nowever, since the applied voltage will 

mainly appear across the insulator, the depletion widths of the 

* This is true· in tj1e present ca~e, as ND and NA have values to the 
· orders of 1019/cmJ and io 1B/cm3 respectively. 



MS junctions are generally small in comparsion with_ the insulator 

As a result, c. will dominate until the insulator breakswidth. 
l. 

down and becomes conducting. This is region B in fig. J.6. 

c c~n be used to estimate th~ width of the buried damage region..
i 

by using Eq. (J. l). 

When the insulat6r breaks down under a large for~ard bias, 

the total capacitanc~ will adjuet itself and rise rapidly to the 

value limited.by Cmn or Cpm ur both. This is region D. 

A comment on the back MS junction should be maJe here. 

Since ~luminum was found to form eood ohmic contact with the ~o··e 

heavily doped p-type Sic crystals (Section 2.2), it is v.ery likely 

that the MS junction may actually behave as a hieh resistive 

contact ~hen subjected to large reverse bias; lf this is the 

case, the total capacitance will be given by Cmn alone. And 

region E in Fig. J.6 is simply the depletion capacitance of the 

reverse biased front MS junction. 

The above su~position is in fact supported by the doping 

· level deduced from the C-V curve in region E*• The impurity 

concentration was found to have the same order of magnitude as 

would be_ expected to present in th~ converted tmplanted region. 

Should the back MS junction have to be con_sidered, :the doping 

concentration deduced would h~ve to be that of the p-sub~tratc. 

This is because the p-substrate is much less heavily doped than 

the n-region,_ Cpm would thus d6minate the total capacitance and 

region E would be the depletion 6apacitanc~ of the reverse.biased 

. back .MS junc·tion rather t"han the front. This is obviously not 

the case. 

* from the slope of the 
. 2 

l/C vs VA plot. 

http:limited.by
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3.6 	 Ideal MIS C-V Curves -- A Computer Simulation 


In order to compare the experimental results with the ide~l 


. 	 . 

.. theoretical prediction, a computer program was developed which 

generates the low frequency, high fiequency and depletion capacitances 

for 	any MIS structure. The program was first prepared by H. B. Lo 

o f Cana. di an Wes ti ng h ous Company L"1m1. t e d • ( 23 ) The version used 

here has been modified and improved. The program listing and 

a sample problem can be found in. the Appendix. The program is 

self explanatory, equations used are based on references 21 and 22. 

Fig. 3.8 and 3.9 are the ideal theoretical C-V curves 

generated by the computer code for p-type MOS(Si) and MlS(SiC) 

diodes respectively. The oxide or implanted layer thickness 

used was 1000 .R. 

Fig. 	).10 compares th~ experimental curve obtained for an 

implanted sample after low temperature anneal with the theoretical 

prediction. The substrate concentrations used in computing the 


2

theoretical curves are found from the ~lopes of the l/C vs VA 

plot 	of the experimental curve. A detailed analysis on the 

experimen ta 1 curve .reveals the fact that after implant a tio.n, there 

is a 	 redistribut~on of impurity concentr~tion in the p-substrate 

near 	the badly damaged implanted region. This redistribution 

can be readi~y seen from.an enlarged l/c2 
vs VA plot shown in 

Fig. 	3. 11. 

Associated with the three slopes. in Fig. J.11 are three 

distinct doping concentrations: 

NAl = 7. J 'f.. 10 1 7/cm>, 


18 3
1. 2 "lo. /cmNA2 	 = 10 and
' 

1. 6 )I. 	 1018/cmJ=NA) 
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Therefore, the substrate impurity concentrati_on will have a 

profile as shown below. 

0 x 

Fig. J.12 	Hedistributed substrate impurity cone. 
profile. 
(NAJ is taken to be the bulk substrate cone.) 

The di~tance scale in Fig. J.12 can be estimated by using 

Eq •. ( J. 1). 

x = 
c 

where C is the capacitance corresponds to v1 . or v2 
in the experimental C-V curve. 

The reduction in impurity cor1centration near the implanted 

region··is probably. cau.sed by the defects introduced by deep 

chann~led implantin~ ions. 

Ret~rn to ~~~. J.10, it can be seen th~t the experimental 

curve is in excellent agreement with the theoretical one if the 

substr•te impurity concentration redistribution is t~ken into 

account. 
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For Vf: 2V, the experimental curve a~rees perfectly well with 

the NAl theoretical curve except for a constant horizontal shift 

of about l.5v. The horizontal shift is the result of work 

function difference between metal and semiconductor and surface 

st·a te effects. 

Between 2V f. V~ lOV, the curve follows closely with the NA 2 

curve as expected but a constant horizontal shift~of about J.5v. 

For V~ lOV, the experiment curve is expected to follow more. 

closely to the NA) curve. 

It should be observed that for the range of voltage under 

conside~ation, the experimental curve agrees pretty well with 

the NA2 theoretical curve. Since NA 2 is about the average con­

centration over the· redistribution regio~~ therefore, in general, 

a single· average concentration ca~ be used in theoretical 

computation. The required value can be found from the alope 

of the l/c2 vs VA plot with VA some distance away from zero. 



CHAPTEH 4 

HESULTS AND DISCUSS.LO~ 

4.1 Sample Used 

Two Westinr,house samples were u.sed in t.he present investigation. 

SiC-2-00~ was a thin, fairly transparent, well grown single 

crystal. SiC-2-0\0 was thicker and slightly gre~nish in colour. 

They were grown and ion implanted under identical conditions. 

However, the bulk acceptor concentration in the former sample 

was foun~ to be about two times higher than the latter. 

c~v beh~viours of both samples were investigated, e~ch at four 

different annealing temperatures. 

· 4.2 Frequency .Behaviour 
... 

Frequ~ncy dependence of the C-V measure~ents •t room tern­

perature was investi~ated by using SiC-2-006 after 80o0 c anneal. 

The result is shown in Fig. 4.1. Capacitance measurement was 

found to be sensitive to the measuring frequency. ln genera~, 

the capacitance decreases with increa~ing frequency. -lt can be 

seen that when reverse biased, the general behaviour of the C-V 

curves are the same for all frequencies except that the capacitance 

is progressively lower with increasing frequency. At large 

forward bias, however, a deep valley begins to appear at hi~h 

frequencfes. 

The observ~d effect is not understood. l t co u Id be 

resulted from a polarization effect occuring in the damage 

(insulating) layer. 

http:DISCUSS.LO
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Dunlap and Marsh, in similar ~>tudy ( 5), found that at J00°c 

the capacitance of a well annealed nitrogen implanted SiC junction 

0
diode is essentially independent of· frequency. At 2J c, according 

to the same authors, capacitance decreases in value wit~ increasing 

frequency. 

(24)
Gray, in his study of tunheling from metal .to semiconductors , 

obse~ved instead, a deep valley at low frequencies. (Fig. 4.2) 

I 
1600 
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s:: 1200 '. l-000 

''"' ''V 2000/
I 

/ \ '. / 4000 
/ \ ~ 8000800· 

\ , \ I 
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./ I 


I I _0 I 

-.8 ... 4 0 .4 .8 1.2 

~· i g • 4. 2 	 Di f f-:e rent i a l Capac itan c e 
versus bias. 
(after Gray) 

The peak in the low freqtlency curves, as explained by Gray is 

due to.a band of interface states in the Si-Sio2 interface. 

At the highest freCfuency, 110 appreciable charging of the interface 

states can take place. The capacitante then is that of the oxide 

layer and space char~e region in series. 
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Fig. ~.J is a plot of Ci against frequency t·aken from fig. 4.1. 

The insulator region width calculated by using Eq.(J.l) is a.lso 

included. Since the insulator width so de·termined is subject to 

large yariations in freq~ency, care should be taken whan try to 

relate it to the effective junction de~th or buried damage region 

width as mention in Sections J.2 and J.J. 

4.J Annealin~ Behav~6ur 

Results obtaj.ned from C-V measurements at different a.nne.aling 

temperatures ~re listed in Table 4.1 in the following pages. 

The C-V curves were 1neasured at 5 KHz frequency. Curves obtained 

were generally consiste11t and· reproducible. .Aluminum contacts 

were used in all the measu~ements shown. 

ln Table 4.1, NA and ~D are the substrate acceptor concentration 

and the cionverted n-type region don~r concentratio11 respectively. 

They were deduced from regions A and E in the C-V curves (fig. J.6) 

using Eq. (J • J ) • and ti are the insulator capacitance andc 1 

width respectively at the particular measuring frequency. VHD 

is the breakdown voltage as described in Section J.J. Vb is the 

2
voltage inter~ept of the l/C vs VA plot. lf the s~ructure is a 

good p-n junction, vh will be equal to vhi' the built-in junction 

voltage as discussed in Section J.4.· 

A few comments and observations on the table can be made 

here: 
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.N ti l'iCi vbAnneal Structure A VBD D 
·Temperature (cm-3) (pf) (volts) (cm-3) (VO 1 t)(2) 

0 17
660 c .MIS 9.9.,,.10 600 7.20 10 . 7 

19
l000°C n-i-p 715 600 8 8.5.(10 6 

0 . 18 
1200 c n-i-p . 1. l ll 10 1050 ; 410 5 

0 
1480 c n-i-p 2.6 

(n-p)?? 

1100 390 1.5. 

Tahle 4.1 Results from C-V :Oleasurernents at Different Annealing Stages 

(a) SiC-2-010 

http:9.9.,,.10


Van ND VbAnneal Structure 
(pf) (volts) ( cm-3 ), (volt)Temperatur~ 

800°c ~115 950 9 5 


·l000°c ~11s 960 450 10 4.2 


14oo 0 c ?? 

148o 0 c n-i-p 1520 280 1. 2 
 3.4 

Table 4.1 Results from C-V Measurements at Different Annealing Stages 

(b) SiC-2-006 



(a) Uy and large, the annealing behaviour of the two samples 

used are th~ same. They show MIS device characteristic at low 

temperature anneals, and change into n-i-p structut·res (and possibly 

n-p junctions) .wher1 fhe.annealing temp~ratures are high enough. 

(b) The substrate acceptor concentrations obtained are close 

to the value provided by the manufacturer (10 18/cmJ). The increase 

in NA with annealin~ te~perature could be result of some of the 

non electrically active Al (the total Al concentration was found 

19; 3to be 10 cm by neutron .activation analysi.s) becomine active by 

combining with a lattice vacancy to become substitutional. 

Hence the value obt•ined for low temperature anneal (i.e. at 

66o0 c or aoo 0 c) coulrt be taken as the initial bulk substrate 

concentration. 

(c) There are large difference in the measured dama~e region 

widths between the two samples. Since they were implanted under 

identical conditions, this difference can only be a~counted for 

by their individual crystal differences. · 

The effective junction depths are found to be 720 Rand· 

450A 
0 

for.SiC ... 2-010 and SiC-2-006 respectively. A damar;e ·study * 

on the former sample after 66o 0 c anneal shows a dama~e peak at 

0 
around 500 A beneath surface (fi~. 4.4). The junction depth is 

estimated ~o be 1200 R. However, it was round before that the 

surface of the implanted face was actually conducting at all 

annealing temperatures. This conductive effect is not known, 

* 	By He+ backscattering method, using McMaster Van de Graaf 

·accelerator. 
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it can be just simply surface effects (section 2.2), or as suggested 

by Fig. 4.4, resulted from a rapid drop off in damage near the 

surface. In any case, this conductive surfac~ region will extend 

a few hundred angstroms into the crystal. If this surface region 

is added to the effective junction depth ~easured electrically, 

we will have a good agreement with the junction depth .suggested by 

damage study. 

(d) The effective damage width, together with the breakdown 

voltage, can be used to compare qualitatively the residual damages 

left after different anneaLing stages. The decreases in t. and 
l. 

Vno with increasing anneal temperature indicate that lattice disorder 

is being annealed out progressively. Fig. 4.5 shows the percentage 

damage of another identically implanted sample at different a·nnealing 
. . (25)

temperatures by backscattering method • The reverse annealing 

behaviour from 1000°c to 1200°c observed is not found in the present 

electrical study. 

(e) The existence of an n-type region under the surface after 

high temperature anneals is evident by the N values obtain.ed.0 

For co~parison of the measured donor concentration with the hitrdgen 

concentration, the range distribution of nitrogeri in SiC was 

constructed using the_range moments extracted from the tables of 

Winterbon(ZG). This distribution for nitrogen implant conditions 

of 1616/cm2 at 25 Kev and lo 16;cm2 at 45 KeV is shown in Fig. 4.6. 

3The p~ak concentration can be seen to.be Jjlo 21 N-atoms/cm . the 

measured donor concentration should be compared to the calculated 

http:obtain.ed
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average nitrogen concentration in a surface layer corresponding to 

the depletion depth of 100 ~ into an U-type ·layer with a donor 

concentration of ax10 19;cm3. Therefore assuming an a'verage nitrogen 

concentration 	in the first loo·R beneath the N-type surface of 

20 3 
2.5~10 /cm , 	 an electrically active donor conversion efficiency of 

20-30% is observed. This is somewhat lower than the measured 

"substitutional" percentage.and the 50% electrical activity following 

1400°c an·nealing, observed by Marsh and Dunlap(S). However, it 

should be noted that Marsh and Dunlap~s results were for implant 

concentrations an order of magnitude lo~er than in this.study, 

which would result in lower damage levels, hence better annealing. 

The reason for the sudden drop in ND for SiC-2-010 

after 148o0 c anneal is not known. However, "it is believed that this 

is probably resulted from expe:uirnental discrepency rather than a 

general annealing behaviour as such drop is not bbserved ~n the 

other sample. • 
(f) The structural changes at different annealing temperatures 

can 	be deduced qualitatively from the voltage intercepts of the. 

2l/c vs VA plots. Vb will be large for MIS structures or n-i-p 

structures with thick insulating layers. When t]:le thickness of the 

insulator region d~creases, Vb will decrease correspondingly, and 

a·pproach Vbi, the build-in junction voltage when a good n-p junction 

is 	formed. 

In ~able 4.2, value~ of vb. at room temperature are listed 
. J. 

for different 	values of NO. Where NA is assumed to be 2 .,..·10 18/cm3 , 

·-5 3
Ni 	equals 2xl0 /cm . Eqn. (3.5) is used .. 
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Tab.le 4. 2 
Huilt-in Voltage of.Sic p-n junction 
for different NU values at room temperature. 

1· ·--- - .. -· 

19 ) 

I 
I8 ~ 10 /cm 1020/cmJlo 19/cm3 5"1-10 19/cm). 

i2.445v 2.546v 2.559v I 2.564VI 

I 
I 

Comparinf~ with values listed in Table 4.2, 1·t can be seen 

0 . . 
that after 11.i.Bo c anneal, SiC~2-0l·O results in a pretty ~ood n-p 

junctio·n, althoup,h the presence of an i region is still evident. 

This can be compared with Dunlap and Marst1•s re~ult on room 

( 5 )
temperature implant with a lower dose , they also found a rather 

good p-n junction after 1500°c anneal. SiC-2-006, on the other 

hand, still b~hav~s as ari n-i-p structure. 

(g) After 14oo 0 
c anneal, SiC-2-006 shows a strange C-V 

behaviour O'ig. 4. 7) which can hot be ·explained by the model 

discussed in Section 3.5. Only region E (fig. J.6) can be 

identified and it F,ives a reasonable ND value. 
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Fig. 4.7 C-V Curve of Sic-2~006 After 14oo 0 c Anneal 




CHAPTER 5 

CONCLUSIO~S AND SUGGESTIONS FOR FURTHER WORK 

5.1 Conclusions 

6H, t:i. -type, aluminum doped SiC crystals~ doubly implanted 

15 ' 16 2with N ions at 45 Kev and 25 Kev to a dose of 2 'f.. 10 /cm at a 

substrate temperature of 450°c have been investigated by measuring 

the C-V curves at different annealing temperatures. 

Th~ annealing behaviour can best be summarized by plottin~ 

1/c2 .vs VA as shown in Figures 5.1 and 5.2 fo~ SiC-2-010 and 

SiC-2-006 respectively. 

The lattice damage of the implanted r~gion is persistingly 

high up to an anneal temperature of l000°c.· After looo 0 c anneal, 

an n-i-p structure is observed. A fa~rly good n-p junction is 

0 
obtained after 1480 C anneal. 

Existence of a buried damage ~eg~on is evident-after l000°c 

a.nneal. This insulating region decreases in thickness with 

increasing anheal tempe~ature.· 

About 20~30% of the implanted nitrogen ions are found to 

be electrically active. 

The· junction depth deduce.ct from the C-V curves is round 

to be in good a~reement with theoretical prediction and.with the 

experimental value estimated from damage ~tudy. 

Capacitance is found to be subject to large variations in· 

measuring frequency. 

Redi~tribution of substrate acceptor concentrati6r1 is observed 

near the implanted region. The measured acceptor level agrees well 

with the manufacturer's supplied value. 

http:deduce.ct
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5.2 Suggestion~ for ~urther Work 

Ion implantation has been shown to be a.feasible process for 


junction fo~mation. The main problem involv~d is the residual 


damage left in the crystal after implantation. Most of the damage 


has been shown to have been·annealed out at reaso~able high 


temperatures. However, more work has to be done to fill the 


many blanks still existing. 


As a continuation of the present study, a few suggestions fo~ 


future work are lis(ed below. 


(i) A fairly good p-n junctio~ has been obtained after 14Bo0 c 


anneal. It is believ~d that lattice damage can be annealed out 


co1npletely and a eood p-n junction can be formed at still higher 


annealing temperatures. Work can be done to prove this. 


(ii) Althoueh the general annealing behaviours are found to . 


be the same fo~ both samples studied here, large difference 


appears in junction depths·~easured. Also a higher annealing 


temperature is needed for SiC-2-006 to achieve a measurable type 


conversion and a relatively b~tter p-n junction is obtained for 


SiC-2-010 after. 148o0 c anneal. Work can be done tu clarify these 


.differences by repeating the experiment with more samples. 

(iii) As a com~lcment to the present work, tho 1-V characteristic 

can be studied after the 14Hn°c anneal to confirm the conclus~on 

made here that a pretty good p-n junction has been obtained. 

Prior to this, method to form low :resistance ohmic contacts to 

both faces of the sample has to be found. 

(iv) Work can he directed to find the i1nplanting conditions 


best suited for p-n junction formation. This can be done by 




SJ 

using samples impl~11t~d with different doses and ener~ies at 

different substrate ten1peratures, probably higher temperatures 

and lower doses. 
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A.PPEND!X 



FTN 4.2+ Rt:.l 

PROGRAM TST (INPUT,OUTPUT,TAPE5:INPUT1TAPE&=OUTPUT) 

c 

c THIS PROGRAM GENERATES IDEAL" MUS c~v CURVES FOR BOT~ N•TYPE** ------A-N""""'"D-p-... Tvf>E sEM r c·t1 Nou c r oRsc ** c IT WAS FIRST PREPARED BY H,8~ LO OF CANADIAN WESTINGHOUSE** c rH:R·E rs A MODIFIED VERSIO"J PREPARED BY M.C.CHAN** c THIS PROGRAM IS COMPLETELY GENERAL, IT CAN BE USED FOR ANY** c EXTRINSIC SLC., ENTER THE APP~OPRIATE NA,ND1KS,KO,rnx,NI,AR1KT** c THIS PROGRAM IS WRITTEN WITH E0=554000Q/VCM

~-"----------.-~** c TOX IN AMGSTROMS, AR IN SQ CM, KT IN EV, NA,NO,NI IN/CUBIC CM,,*"' c ~ATCH FOR ORDERS OF NA,NO,NT, CHANGE STATEMENTS 01,02,03 IF** c *Ir NECC:SSARY 

c DOT~- LOW.FREQ~ RESPONDS
** c * f( PLUS -- HIGH FREQ: RESPO~DS 

c .. *le STAR •• DEPLETION AP~ROX, 

c FOR P•TYPE SLC., ENTER CODE=l** c FOR N•TYPE SLC., ENTER CODE:2* * c MOOE:t, GENERATES LOW FREQ~ RESPONDS** c MODE:2 ,--·GENER ATES HIGH FREQ~ RESPONDS-­** c MODE:~, GENERATES DEPLETION APPROX,** 
c MOOE:&, GENERATES ALL THREE CURVES** c PROGRAM STOPS WHEN CODE READS 9** 
c 

DIMENSION VAPC500l,CCt(500),CC2(500J,CC3(500),TITLE(80) 
REAL NO,,NA·;·KQ,KS,"1!,KT,NPO,NNO,LD14R. . - . . ­
INTEGER CODE 
J1=5 
J2;:n 

99 REAOCJl,51) CODE 
51 FORMAT (tl 1) 

IFCcooE:EQ,9) GO TO 3GO 
REAO(Jt,23) TITLE 

?3 fOH~AT(ROAll 
18 REAOCJt,20) NA,NO,KO,KS,TOX,NI1AR 
20 FOR~ATC7F10~0) 

REAncJ1,t9)_USMIN,USHAX1KT,~ODE 
19 FORMAT(1F10 1 0111) 

REAOC~l,231) BLANK,OOT,PLUS,STAR 
231 FORMAT(llAl) 

01 NA=NA"A"t",,E+15 
02 ND:N0*1:E+15 

03 Nt:r•.J!*l~E-b 


E0:55aooo 

· Q=1:o"lfl:E'!'1q 

C*****CONVERT TOX INTO CM 
700 TOX=TOX*lwE•8 
500 COX:KO*AR*CB.854*1,E•8)/TOX 

C***•*COX GIVEN IN MICRO F. 
GO TO 601 

600.NA:NA/lO.O 
COX:COX*AR 

6-0-1-w-R I TE-( J 2 , 2 3 3 l 
213 F0R"'ATCtH1) 

~RITECJ?,23) TITlE 
wRITECJ2 1 2JO) NA,ND,KO,KS,KT,NI 

210 FORMATC5X.4HNA =,El0.3,/SX,aHNO :,Et0,3,/SX,QMKO =1 El0.3 1 /SX,4HKS 
1 =, E LlL!.....5 ,f5 x, 4HK r =, E 1o .. 3 /S ~ 4HNJ_-=-.tE'._~__Q_L~; J 

http:4HNJ_-=-.tE


------

---------···------·-----------------------~----------------------~----

.RAM TST QPf=l 

wRITECJ2,23?.) rox,cox 

212 FORMAT(SX,SHTOX =,E10,3,/5X.5HCOX :,£10.3///) 


________c_o_x__=_~_o ~-!_A_R_________·---~-----------------...,-------
C*****cox GIVEN IN MICRO F.1sa.cM. 

Ht-1::100 

i<K:t 

IFcconE~EQ.~) GO TO 80 

US=USMIN 

SUM=0~.~0-·~----------------------~-----•UF=ALOGCNA/NI) 
ou=cus~uF11100.o 
USOLO=UF 

21 	 PPO:NI*EXPCUFl ·-. -·-·-·· . 

NPO=NI*EXP('!'Uf) 

LD=saRTC2~0~KT*KS•EO/PPOJ/Q 

------~ 
CC=SQRTCCEXP(eUSJ•US~t,O)+NPO/PPO•CEXPCUSl-US•t.O)) 
IFCUS~GE,O,OJ QS=~2:o•KS•EO•KT•CC/CLO*Q) 

... . - ~----~If_( us. LE I 0. 0 ) ___ QS=.2_,0_!IKS*E011!<T •CC I CLO•Q) ... ­
PHlS=KT*US 

VAPP:PHIS9QS/(b,25•t.E+12)/COX 

VAP CKI() :\/APP 
IFCMODE.EQ,2) GO TO 401 

IFCMODE~EQ,3) GO TO 402 . 

!FCABSCUSl.GT.1,5) CSLF=Ks~EO•Ct,o~ExPC•US)+NPO/PPO•CEXP(US)~1,0),
.... - ... ---1/ccc*LD•QJ --- ..... . ..... .. . . -- - . . . . - .. - .... ­

IF(ABSCUSl,GT,1,S~AND~US,LE:o~O) CSLF=•CSLF ' 
If(ABSCUSl.LE.1,5) CALL CALCAP(CODE.US,NPO.L..PPO,LO,KT,KS,EO,CSLF)

--~~~~'-----

CSL F=CSL F / C& • 25•1. E+12) 

· Clf:t~O/Cl,0/COX+t.O/CSLF) 


, CLFN=CLF/COX 

-- cC1cKK):CLfN. 

IFCMODE:Ea,t) GO TO 100 
401 	 COUNT=t_',_o 

00 22 K:t,MM 
U=USOLD+CCOUNT-0,S)*DU 
AA=EXPCU~UF)/SQRTCCEXP(~U)tU•t,O)+NPO/PPO*(EXP(U)•U-1~0)) · 

-· -~- BB=·A·A ~ABS <o·u) - - . .. - .. . 	 . 
SUM:SUM+B8 

COUNT=COUNT+l,,O 


22 	CONTINUE 

!FCUS,GE,O,O) QN=•SUM•NI*LD*Ql2:o 

IFCUS~LE.O,Ol QN:SUM*NI•LD*g/2 1 0 

xo=~QS~QN)/(NO-NA) --- . . .. 

IF(XD~LE.0,0) xo=o.o 

CHF:COX/C1.0+KO•XO/CTOX*K5)) 

CHfN:CHFiCOX 

CC2CKK):CHFN 

!FCMODE.E0,,2) GO TO 100 


402 IFCVAPP:LE.o.o) CDEP:COX 

IFCVAPP~GE,O.O) ~DEP=COX/SQRTC1~0+2,0*K0**2*EO*VAPP/CCNA~ND)*KS*TO 

tX**2))
---~~~--~~------~-~~--~---~~~--~~~~~-~---!CDEPN=COEP/COX 


CC3(KK)::COEPN 

100 !F(US~GT.USMAX) GO TO 200 


U~OLD=US 


us=us+-o.s 
DU=n._Q_2_~---~--~~~-~~~~~~~---~----~~~~~~~~---~---i 

http:F.1sa.cM


-------- --------- ---

··-·------··------	 ----------------·----­
:;RM-! TST 7~/74 OPT=1 ROUND=+~*/ 	 FTN 4.2+ REL 

M"'l=?.O 

Kl<:=KX+1 

GO ro 21 


80 US=USMAX 

St_JM:O • 0 
UF=-ALOG(NO/NI)
ou=rus-uFJ/too.o 

USOLO=UF 


71 NNO:NI*EXPC~UF) 


PNO:NI"°EXP(UF) 

LO=SQRT(2~0*KT*KS•EO/NNO)/Q 
CC=SQRTCCEXP(USl•US~l.O)+PNO/NNO•(EXPC~usl+US•t.0)) 
IFCus:GE~0.6) ·Qs=-2:o•KS*EO*KT•CC/CLO~Q) . . 
IF(US.LE,0,0) QS=2,0*KS~EO*KT•CC/CLO•Q) 
PHIS:KT•US 	 . 
VAPP:PHIS~QS/C6.25*1.E+12)/COX 
V.AP CKIO:VAPP 

. --------· .. __ 	 IFCMOOE~EQ,2) _GO TO_ 720 · __ ----·- _ 
IF(MODE.EQ~3) GO TO 721 . 
IFC4BSCUS),GT,1.5) CSLF=KS*EO~CEXPCUsl~t,O+PNO/NNO•t1·.o-EXPC~Usl))

t/CCC•LD*Ql . 
IFCABSCUS),GT,1,S.ANO.US.LE.o.ol CSLF=~CSLF 
IF(ABSCU3l.LE~1,5l CALL CALCAP(CODE,uS,PNO,NNO,LO,KT,KS~EO,CSLFl 
CSLF=CSLF/C6~25•1~E~12l . 
CL F::: 1 : oI (t ~- OIC 0 X +1 • OIC SL F ) -- ·---·- .. . -- - - - ­
CLFN:=CLF/COX. 

CCl(KK)=CLFN 

IF(MODE.EQ,1) GO TO 800. 


720 COUNT=t~O 

00 88 K=t.HM 

U=USOLO.f. (COUNT •O • 5) Jd)U -	 - .. 
AA=EXPCUF•U)/SQRTC(EXP(U)•U~l~O)+PNO/NNO*(EXPC~Ul+V~l.O)) 
BB=AA"'ABS(OU) 

SUM:SUM+S8 

COUNT =COUNT tot'• 0 


88 	CONTINUE 

IF CUS~GE. 0~--0} QP::.;.SUM*NI*U>*Qt2: 0 

IFCUS.LE,0,0) QP:SUM~NI•LD*Ol2.0 

XO:(QS~QPl/CNO•NA) 


IFCxO.LE.o.O) _XO::;o.o 

CHF:COX/Ct.o+KO*XO/CTOX*KS)) 

CHFN:CHF/COX 

CC2CKl<l:CHFN 

IFCMOOE~£Q.2) GO TO 800 


---~-7~2~1_IFCVAPP.GE,O.O) COEP:cox 
IF C VAPP: LE, 0, 0 l CDEP=COX/SQ~T C1·,0 +2, 0 *K0**2*EO lfVA-PP ICC NA-ND) *KS *TO 

·tX**2l) 
COEPN:COEP/COX 
CC3(KK):CDEPN 

ano IFClJS~LT,USMIN) GO TO 200 
~~~~-U~SOIO=US 

us::us ... o. 5 
OU:o-0.025 

MH=20_ 

l<K:KK+l 

GO TO 7t 


200 csoe:t,Ul4*KS~EO/CLD~Q) 

http:IFCABSCUS),GT,1,S.ANO.US.LE.o.ol


___ _______________ __ __ ____ _ 

- -··------·· ---- - ··--·· --·-·-·-·- - . ·------------- -- ---- ··--··-·---------------------~~ 
RAM TST· 7«/74 OPT=l ROUND=+•*/ FTN 4~2+ REL 

CS0R:CSDB/(o.25*1.E+12) 
C08~=1.o/CCOX/CSDB+1 8 0) 


WRITE(J2,201) COB~ 

----20·1--r:·oR-~A-r T'Ti1sx-;2-?"f~ Nci-R-r-iA-L-fzE"o--FL Ar- sAN o c AP = , E12 • 3111 ) 

IFCconE:EQ~2) GO TO 98 
V~IN::VAP(1) 

.VMAX:VAPCKt<) 

IF(ABS(VM!Nl.GT,20 8 0) VMIN=~20,0 

If(VMAX~GT.30,0) VMAX=30 0 . 


·----- GO TO 2-2-o -L...:-----------------------­
q8 VMIN=VAP(KK) 

VMAX:VAP(1) 
!F(A8SCVMIN)~GT~30;~)-VMIN=;30,0 
IFCVMAX:GT,20,0l VMAX=20.o 

·2~0 CALL PLOTCVCCODE,MODE,KK100T,STAR,PLUS,BLANK,VAP,cc1,cc2,cc3, 
~-- 1v~ t N, v·MAX l 

GO TO 99 
31!0 STOP 

END 

C REFEPENCE ~AP (R:l) 

SN TYPE . REL0C4T!ON 
---------------....----.--~-~REAL 5226 AR REAL .. 

REAL 5236 6LANK REAL 
Rf Al 6271 CC 1 REAL ARRAY 
REAL ARRAY 10241 CC3 REAL ARRAY 
REAL 5275 COEP REAL . 
Ri::_~-=L 5"-'2~_7._3 cH_F R--E~A.-L,________ 
REAL 5262 CLF REAL 
RF AL 522 7 CODE lMTEGER 
REAL s24a cox - REAL 
REAL 5261 CSLF REAL 
RE Al 5252 DU REAL 

--~_s_~~=-----------------5_?30 J 1 INTEGER 
p.; TF.GER 5265 K INTEGER 
INTEGER . 5217 KO REAL 
REAL . 5222 KT REAL 
Rf Al 5245 MM INTEGER 
PlTf;GER 5216 NA REAL 

--~_f-~_l,___ ~~21 NI RE A~L________ 
RF. AL 5221 NPO REAL 
RF AL 5240 PLUS REAL 
REAi_ 525lJ PPO REAL 
R~ AL 5271 QN REAL 
RF AL 5256 QS RE Al 
µfAL 5250 SUH ·REAL-·---HF Ai--------- AR·R-AY·-------------·---523~----rox_____R_E_AL _________ 
RF.Al_ 525t UF REAL 
RF~I 5234 USMAX REAL 
Rf AL 5?.5 3 USOLD REAL 
Rf AL ARRAY 5260 VAPP REAL 
RF A_I···----------·---------·--- ----·--· 5,3_9_3-____ VM!~--- REA_L________ 
RF Al_ 



-· --·----- ·- -- ---· ---------· ~··- - ----:-----·--- -~ -·------ -- ~--- -------------
PiE CALCAP 74/74 OPT:q R 0 UN D=+-a/ 	 FTN Q.2+ REL 

SUBROUTINE CALCAPCCOl)E,Us,xv,xX,LO,KT,KS,Eo,csLF} 
C k* THIS SUBROUTINE CALCULATES THE LOW FREQUENCY ~OS CAPACITANCE 
C ** IN THE VICINITY OF ZERO SURFACE POTENTIAL---------- ----- RE: AL-co-~-:~-,.-~Ks_________________ ·--­

INT E G f R CODE 
_(~:1 .• 6*1-.E-19 

TERMt=ABS(US)lo,O 

SUM1=TERM1 

COUNT=4~0______.:________________-'---------I 
00 30 K=l110 
TERM1=TERM1*CABSCUS)*~2)/((COUNTtl,O)*COUNTl 

I SUMt=SUM!+TERMl 
C0UMT=COUNT+2,0 

30 	 CONTINUE 

TERM2=AASCUSl**2/24° 0 

SUM?.:TERM2 

COUNT=s:o 


____ . ___ DO 31 K:t, 10 _ . ·-------· _ ··-· _ 
TERM2=TERM2*(A8S(USl**2)/CCCOUNT+1,0)*COUNT) 

SIJM2:SUM2•TERM2 

COUNT=COUNT+2 O 


31 	 CONTINUE 
IFtUS~LE.OiOl SUMt:~SUMt 

IF (CODE~ EQ. 1) SUM 1l=SQR_Tc0 '5-sur·H +SUM2+XY IXX• ( 0~St_SUM1 +SUM2)) ·--·. 

IFCtaoe:ea.2) SUM1l=SQRTCO.S+SUH1+SUM2+XYIXX•<O.S•SUM1+SUM2)) 

TER~3=ABSCUS)/12,0 
SUM-S=TERM3 

~~~~~~-~~~~~~~~~~~~~~~~~~~~~~----

C 0 UN T=S. O 
DO 	 32 K::t,10 
TERM3=TERM3•ABSCUS)**2•CCOUNT·1~0)/C(COUNT+l~O)*COUNTJ
SUM3:SUM3+TERM3 . - - . . 	 . . - -· ­

COUN'T=COUNT +2, 0 
32 	CONTINUE 

TER~4=A8SCUS)**2/40~0 
SlJMU:TERMll 
COUNT=&·. 0 
DO 	 33 K=1d0 
TERM4=TERMQ•A8S(U$)w•2•CCOUNT•1~0)/CCCOUNT+1.0)*COUNT) 
SUMll:SUM!i+TERM!J 
COUMT=COU"-JT+2,0 

33 CONTINUE 
IF (US• LE• 0 • 0 J SlJM 3=•SUM"S 
IFC~ODE~EQ,1) SUM22~0~S•US/SUM11•C~t.o/6,0+SUH3-SUM4+Xi}xX•(1~0 

l/6 1 0+SU~3+SUM4J) 
IFCCOOE~EQ,2) SUM22=0~5*US/SUM11*(1~0/b,O•SUM3•SUMq+xY/XX*C~1.o 
1/b,O+SU~3•SUM4)) 

SUMT:SUM11+SUM22 
CSLF=?..OkKS~EO/CLD*Q)*SUMT 
RETURr-J 

END 


------------------------------·-·--·--··---­



--- ------------,
INE PLOTCV 74/74 OPT=l ROUND=+-*/ 	 FTN 4.2+ REL 

SUBROUTINE PLOTCVCCOOE,MOOE,MPOINT,OoT,STAR,PLUS,BLANK,VAP,Cct, 
tCC2,CC3,VMIN,VMAX) 

- ---~*****POI~LJ_y~QJ__i_'i__T____!'_LOT SllQB!,l_!JJJ_~L________________________j 
D!MfNSION VAP(500) 1 CC1C500),CC2(500J,CC3C5QO),VVC150),CAPL(150) 

1,CAPH(150),CAPD(l50),VA(l50l 
INTFGER CODE 
J2=n 
VVCt):VMIN 
VV(t01l:l/MAX

--'-'-'--'----·~-,---------------------~--<VINCR=CVMAx~vMIN)/100~0 

COUNT=1~0 
 !
00 	20 K:2,100 _ i

- j 
VV(K):l/MlN+COUNT*VINCR 

COUMT=COUNT+l,O 


20 	 CONTIP-.IUE 
----'-'­

WR1TECJ2,28) 
28 	FORMATC//SX 1 21HRESULTS FROM C•V PLOT/) I __.,IFCMOOE~EQ,1) WRITECJ2,41t)_ 

If CMOOE.EQ,2) WRITECJ2,412) -I 


!F(MOOE~EQ,3) WRITECJ2,413) 

IFCMODE~EQ 4) WRITECJ2 414) 


411 FORMATCtOX,16HVAPP CLFN/) 

412 FORMATCtOX,loHVAP? CHFN/) 

413 FORMATC10X,17HVAPP COEPN/) 

414 FORMATCtOX 1 41HVAPP CLFN CHFN ·coEPNJ). 


MS:;t I
I

HP:MPOINT.,1 I 

.......,,..---~-~~--~~~~~~~--~~~~~~~~~~-~~-i


IFCCOOE.EQ,2) GO TO 50 
DO 	 21 K=l,!01 
DO 22 MM:MS,t'!P 
MN=~M+1 . 
IF(VV(K),GE,VAPCMM)~ANO~VV(K)~LE,VAPCMN)) GO TO 25 I 

22 	CONTINUE J 

25 	FACTOR=CVVCKJ~VAPCMM))/(VAPCHN)"VAPCHM)) 
IF(MOOE~EG,1,0R,MOOE,EQ,4) CAPLCKl=CClCHMl-CCClCMM)~cc1cMN)}• 

lf ACTOR 
. I F ( ~0 0 E:EQ " 2 • 0 R • i-10 De: • E Q:-4 ) t A pH ( K ) =cc 2 ( MH ) ... ccc2 cMM ) .;.cc 2 om ) ) * -I 

I 

!FACTOR 
IFC~ODE~EQ,3,0R.MOOE,EQ,4) CAPDCK)=CC3(MM),(CC3CHMl-CC3CMN))* I 

if ACTOR 
HS=MM 

2·1 	 CONTINUE . 

00 31 K::t,101 

IF(MODE~EQ,1) GO TO 800 
IFCMODE~EQ,2) GO TO 801 
IF(MOOE:EQ,3) GO ro 802 
IFCMODE~EQ,4) GO TO 803 

800 WRITECJ2,510J VVCK),CAPlCKl 
St·o FORMATCSX,2E12,3l . 

GO 	 TO 31 
801 ~~!TE(J2,51tl VVCK).C~PH(K)-·---511--t=oFG! A·f(ifx-;-2E 12:-3-)--·---------- --------·-' 

Go TO 31 
802 ~RITE(J2,512) VV(K),CAPD(KJ · 
512 FORMAT(5X,2E12~3) 

GO TO 3t 
__8 0 3 ~R I TE ( J 2 , 5 1 3 ) V V ( K ) , C APL CK l , C A PH ( K ) , C A P_Q__(_KJ 



---~---------·---------··--~------··-·-·---··--·--------------~---------"--" 

ltJ/74 OPT=! 	 FTN 4.2+ qfl 

5t3 FORMAT(,X,4f.12~3) 
31 	 CONTPiUf 

IF(~onE~EQ.l) GO Ta 420
------i.-c=F-c'"-M(--,l6E:-E"a:-21c\1 fN::cAF>HfiOTl 

rF ( M0 0 E '· EQ • 3 • 0 R " M0 DE " f. g·. LI ) cMrN=cAp D ( 1 0 1 ) 
GO 	 TO 60 

420 00 421 K::2,100 
M=K-1 
N:K+J 
IFCCAPL(Kl.LT,CAPLCMJ,AND.CAPlCK),LT,CAPL(N)) GO TO 422 


421 CONTIMUE 

4~2 CMIN:CAPLCK) 
 -··. ·..

GO TO 60 

. SO K=102 


DO $31 M:t,101 

K=K•1 
00 	82 MM:MS,MP 
MN:r.,M+l 

·---··-----·lFCVV.Cl<)-~[E~VAPCl'iM):ANO~VVCK)~-GE.VAP(MN)). GO TO 8S ____ ·------ ·­
82 CONTINUE 
85 FACTQR:(VAP(MM)~VV~K))/(VAP(MM)~VAP(M.N)) 

IFCMOOE~EQ,1.0R.MODE.EQ,4) CAPLCKl=CC1CMMl-CCC1CMMl~cc1cMN))~ 
1FACTOR 
. IF (MODE~EQ. 2. OR .• MOOE ,EQ. 4) CAPH CK) =CC2 (_MM) ... ccc2 (MM) ...cc2tMN)) *. 
!FACTOR 
1F(MODE:EQ-3~0R~HOOE,EQ~4) CAPD(Kl=CC3CMMl·CCC3CMMJ~cc3tMN))~ 

tfACTOR 
MS=~M 

81 	 CONTINUE 

00 91 K=l,101 


, . -!F(MOOE:EQ,1) GO TO 507 
IFCMOO~~EQ,2) GO TO 508 

____..,.,I...... GO 509F_.C_M"""'"0--..0~_'....E._Q_.._3]_ T_Q_ 
IFCMODE.EQ.4) GO TO 600 


507 WRITECJ2,90tl VVCK),CAPLC~) 


_901. FORMAJC5X,2E12, 3) _ 

GO TO 91 


508 WRITECJ2,902J VV(Kl.CAPHCKl 

902 FORMATC5X,2E12 3) 


GO TO 91 

509 WRITE(J2,903) VVCKJ,CAPOCK) 


_ 903 __FORMATC5X,2E12,3). 

. GO TO 91 

600 WRITECJ2,904) VV(K),CAPLCK),CAPM(K),CAPD(K) 
904 FORMATC5X,4E12 3) 

<Jl CONTINUE 
·IFCMOOE:EQ,1) GO TO ~40 
lF(MOOE~EQ,2) CMIN:CAPH!ll 
IFCMODE.EQ,3.0R.MOOE,EQ.4) CMIN:CAP0(2) 
GO TO 60 

qqo oa aat K:2,100 
~~~--~~~~~~~~~~~~ 

M::l<~ 1 

N=K•t 

IFC~APLCK),LT.CAPL(H)~ANO~CAPLCKJ,LT,CAPL(N)) GO TO qa2 

4£'1 CONTINUE 
4lJ2 CMH1:CAPL CK) 

l>O 	 COUNT::O, 9 



DO ~5 K=l,10 

!F(CMIN~GT.C00NT) GO TO 3b 


·-·----- __f_Q_U l\J J :::~_9_~_ 1'1 T_::Q.d 

15 CONTI"lUE 

36 1~RITECJ2,33) 


33 FOR~ATC///5X,USHAXIS GOING FROM LEFT TO RIGHT•NORMALIZED CAP,/) 

WR1TE(J2,3l.J) 

34 FOR~~TCSX,41HA~!S GOING DOWN•GATE APPLIED VOLTAGE YAPP//) 
IFCK.EQ~l) WRITECJ2,301l

·----f·F ( K ;£a:2·, wRr TE ( J 2, 3 0 2.:....::.-)------------------------: 

IFCK.E0~3) WRITECJ2,303) 

IFCK.EQ~ti)_ WRITE(J2,304) _ 

IFCK,EQ.5) WRITECJ2,305) 

IFCK.EQ~o) WRITECJ2,30&) 

IFCK EQ~7l WRITECJ2,307l 

IFC~.EQ,8) WRITECJ2,308) i 

IFCK.EQ~9) WRITECJ2,309) f 


. IFCK.Ea'.10) WRITECJ2,310) 

:::,::::::::E~!::::: 	 .. ___ . o:: u-.. ·-~ ·- ----1 
1 

1 1.0> 	 I 
303 FORMATC10X,E>3H0,7 0,8 0_~9 I 
304 1 FOR~ATet~x~l3H0~6· 0,7 O~S- -------·---··-0;9·----··-·1 

--~3ns 1 FoRMATCt~~~!3_H~o~,_s______o~:~&~~~~~o~·~7~~-~-o_:~a~~~~~o~~-9~·1
1 

l 1, 0) 
306 FORMAT(10X,63Ho,q o·.s 0,6 0~7 0,8 o, i 

19 1,0) . 	 !' 

307 	 F0Rfl-IAT(10X o3H0,3 0 b5 - . .... .. ­
1	 11 

1 1,0) 	 '.f.' 
308 FORMATCtOX1._6~3~H~o~·~2'--~~~~~-o~·~a~.~---~~~0~~6;:_~-~~~-·-o~·~8~~......... 

1 1~0) ,. 
309 FORMAT(t0X 1 63H0~1 0,4 0:1 . 

1 1 .. ol I 
3 t 0 f 0 R ~AT Ct 0 X , 6 3 H 0 • 0 0·, 5 . . .. -· .. ,, 

1 1~0) 
~~~~~0_0--=lQ_Q_~=1,_6~t-~~~~~~~~·~-~~~~~~~~~~~~~~~~-t

YACKl=DOT 

100 CONTil\IUE 


WR!TECJ2,101) (YACK),K:t,61) 

101 FOR~ATC11X,61All 


00 ·102 K=1,61 

1--·~~~-YA(K):~L~A_N_K~~~~~-~~~-~~~~~~~~~~~~-~~-~---.

102 	CONTINUE 

YA(1)=00T 

DO tOS K=l,101 
IF(MQOE:EQ,.t.OR.MODE.EQ.4) jJ~CCAPL(K)-COUNT)/(1,0-COUNT)*bO~O+l,O 
lF(MQnE:EQ,2.0R.MOOE.EQ.4) JK=CCAPHCKJ~COUNT)/(1,0-COlJNT)*&0,0+1.0 

--·--·- ________IfJ.~.!_QQJ::_~IS!.!.:L_Qg_~l'.!_Q.PS:_•.f:.!l .....~J_Jj._::J_C_A PD_(ji) •COUNT) I ( 1 • O-COUNT l *o O1 0 -t t ~ 
IFCMODE.EQ,t.oR.MnoE.EQ,4) VA(JJl=OOT ' 
IF(MOOE~En.2.0R,MOOE~EQ,4) VA(JK)=PLUS 
IF(MOnE~EQ.3.0R.MOOE.EQ.4) V4(JL)=STAR 
WRITE(J?,104) VV(K),(YA(I),!:1,61) 

1n~ 	 FnRMAT(Flt,2.htAl) 

!F(~ODE.EQ~t.OR.MODE E0.4) VACJJ)=BLANK


-·-··-----··---·-··- .. _ .. ______ -· ..J.____., --· ..--------·~---------------·---· 

http:IfJ.~.!_QQJ::_~IS!.!.:L_Qg_~l'.!_Q.PS
http:IFCK.Ea'.10


tNE PLOTCV QPT=l 

IF(MODE~EQ~2.0R,MODE.EQ,U) YA(JKl=BLANK 
IFCMODE~Eq.3.0R~MOOE,EQ,4) YACJLl=BLAN~ 

________J'.~_Lt ) =_Q_Q_T____ 
11"5 CONTINUE 
£1()2 RETURN 

ENO 

:c REFERENCE MAP CR:t) 

··--·· .. - .. ·- - ---- -· -- - ---1 

SN TYPE RELOCATION i 
REAL F"P 2223 CAPO REAL ARRAY ! 

IREAL ARRAY 1547 CAPL REAL ARRAV I 

REAL ARRAY F.P, 0 CC2 REAL ARRAY i 
I

REAL ARRAY F,P. 1312 Ct-llN 
~-.--- -·- ...-- .REAL-... ····----.---·------------·-1' ·-· .. -INTEGER~-·--· - ­ F ,P, 1303 . COUNT REAL · .· · 

REAL F,P, 1311 FACTOR REAL i
INTEGER 1315 JJ INTEGER 
INTEGER 1317 JL 
INTEGER 1304 K 
I MT EGER 1307 MM 

. - ---·-· -­
INTEGER 0 HOOE 
INTEGER 0 MPOINT 
INTEGER 1311.l N 
REAL F ,P,. () STAR 
RE:AL ARR AV F,P, 1302 VI NCR 
REAL F,P, 0 VMIN 

; REAL ARRA'( 2451 YA 

:LS 

INTEGER 
INTEGER 

I 
IINTEGER ... -~ ......... ~-. -. ·--1
----·~ 

IINTEGER I
INTEGER I 

IINTEGER I 
I. 

REAL I 
! 
IREAL .i

REAL 
REAL 

. -~ ... ARRAY . 
I 
I 
I 

I 
I 
I 
I 

0 21 Oi 
704 28 FHT 221 ! 

FHT 1060 3U FMT 0 J-----------. . -· . -- -·· - . -·. --··- ·----· 
256 50 451 i 

0 82 274. 
0 100 1262: 

1271 104 FMT O· 
! 

f MT 1135 302 FMT 1146 ; 
FMT 1170 305 FMT 120 l I 

,, - ·-·~·-··· ·-· -··· ··--· ·-·-. -· ~ . -- - - ·---- . I
FMT 1223 308 FMT 1234: 
f HT 0 402 INACTIVE 725 ! 

if MT 735 4t3 FMT 741 
0 421 253 
0 q41 447 

366 508 375 
FMT 7b3. 511 f HT 772 
f MT LI 0 Ll bOO 1o3 

i?01 802 210 . 
fMT 1021 902 f MT 1o·so­
fMf 

,;TH 27366 1502 



P-TYPE SILICON CARBIDE 
NA = ·.730E+t8 
NO ::: o: 
KO = :100E+02 
KS ::: :iooE+02 
~T :: ~2t;qE9!1101 
NI = ~lt>SE•04 

TOX : a540E~05 
COX = .798E.;.03 

NORMALIZED FLAT BAND CAP;::;:· 

RESULTS FROM C•V PLOT . 

VAPP CLFN 
... 	 ,

.;. 2ooc+o2 
1 997E+OO 

.... : 1<15!+02 1 997E+OO 
,.: 190E1'02. 1 997E+OO 

. -.. ~ 18SE+02 -· 
1 997E+OO 

•.180£+(}2 r997E+oo 
-:175E+02 .9q7c+OO 
..:170E'+02 ~997E+OO 
.:10SE+02 1 997Et00 
•;tbOE+02 1 9C17E+OO 

-- .,. .1 SSE-t02. .997E+OO 
·~150E+02 

t
.9<17E+OO
•-.145!+02 _.9q6E+OO 

•:t40E+02 ,99bE+OO 
-:t3SE+02 1 996~-tOO 
-~130E+o2· , 99.1..E+OOQ . 

·•.125E+02 	 ,996E+OO 
..:120E+02 ,99&E+OO 
•:tt5E+02 ,995~..-oo 
.-:110E+02 ,.9q5Et00
•.:.1 ose+o2 .9q5Et00 
·~100E-t02 ~995E+OO 
•.950E+Ol .995E+OO••;900E+01 /'9q4E+OO 
... asoE+Ot ..• 9<HlE-tOO 
-:anoE+Ot 1 9<'HE+OO 
-:1soE+o1 .9Q3E+OO 
·~700E+01 ~q93E1'00 
•.b50E+01 .992Et00 

'-:oOOE+01 .-991E+OO 
.. ·.ssoE•01 .9q!E+OO 
-:sooE+o1 '.990E+OO 
.. :4soE+o1 '. 9A9E-t00 
..,·.400E+01 ~987E+OO 
-:350E+01 .98&E+OO 
.. :3ooe:+o1 ~98L1Et00 
-~250E:+01 ,981E+OO 

CHFN 

~ 1ooe·+o1 
,.1ooe+o1 
,.1OOE·'tO1 
,100E+01 
;100E+01-. 
,.tOOE+Ot 

100E-+011 
tOOE+011· tOOEi'Ol ,'tooE+01 . 

/'100E+01 
,.100E+01 
,100E+01­
,100E+01 
,tOOE+Ol. 
.lOOE+01 

·.~100E'+01 
~100E+01 
~lOOE+Ot. 
,1ooe:+o1 

. 1 100E+01 
.11100E+01 
~lOOE+01 

tOOE+011 
100E+Ol1 

,tOOE1'01 
100E+011

.1ooe:+o1 
~lOOE+Ot 
,100E+01 
.100E+01 
~100E+01 
·.100E+01 
'· 10OE:+01 
~100E+01 
1 100E+01 

CDEPN- ­

~ i OOE-+01' 

1 100E+Ol 
,1001!+01­

. . , 1 0 0 f "tO 1 -. 

~ 1-001!'.-+0-l ~ 


: lOOEitOL 

~lOOE+Ot: 

tOOE'+011
.tOOE+Ol 
:tooE+o1· 
~100E•01 
~lOOE+Ol 
;100E+01. 
j.100E+01 
,100E+o1 

.;100E+01 
,. 1ooe··+o1 
.100E+Ol 

.:100E+01 
~100E+01 
.100E+01 
~100E+01 
~lOOE+01 

tOOE+Ol1
,100E1'01 
_,100E+01 
,100E+Ol 
.100E+01 
:iooE+o1 
~100E+01 
,.tOOE+Ol 
,.100E+o1 
.100E+01 
:iooEi'Ol 
~lOOE+01 
:.1 OOE+Ol 



~~~~6~~b~ ~~~;~~~~ 
••-v-•-• 
~100E+01 

••-u-•v• 
~lOOE+Ol 

O~ ~924E+OO ~1002+01 ~100E+01 
~500E+OO 
:tooE+Ol 

1 879E+OO 
,at4E+OO 

~eqsE+oo 
9 815E+OO 

~a91E+oo 
.811E+OO 

:t50E+01 ~753E+OO ~752E+OO :749E+OO 
~200E+01 :703£+00 ~702E+OO :100EtOO 
:250E+01 :662E+OO ~661E+Oo ~659E+oo 
:300E+Ol ~627E+OO ~b27E+OO ,o25E+oo 
~350E+01 r597E+OO . ~597E+OO r595E+OO 
.400E+01 .571E+OO .s11E+Oo .570E+OO 
;45-0E+01
.sooE+Ot 
:ssoE+o1 

~549E+OO 
,s2aE+oo
,stoE+oo 

~saaE+OO 
1 s2aE+oo 
.s10E+OO­

~547E+OO 
.s21E+oo 
~S09E+OO · 

:600E+Ot 
;b50E~Ot 
.1ooe•o1 
;1soE+Ol 
.aooE+Ol . 
:asoE+O 1· 
:900E+01 

. :950E-t>O 1 
· ;iooE+o2 

-­

,494E+OO 
.479E+OO 
:q&aE+oo 
~880E+OO 
,9S7E+OO
•97SE+OO' 
j981E+OO· 
·• 985E+OO 
~988~+00 

~493E+OO 

1 479E+OO 
,465£+00 
1 457E+Oo 
.455E•Oo" 
1 455~+00 
.4S4~+oo 
~454Eir00 
~4S4c+Oo 

_ 1 Q92E+~O 
~478E+OO 
,464E+OO 
~452E+OO 

·· 44oE+oo 
. ,

,429E+OO 
1 420E+oo 

.1 410E+OO 
-~402c~OO 

.105E+02 
:itoE+02

·-:t t Sft02, ­

~989!+00 
___ :_9f1tc+OO 
. ~ 9q2E+OO 

. :454E+OO­
~454E+Oo 
,4S3E~OO 

1:394E-t00 
386E+OO 

:379E•00i 
:t?OE+02 
~ .125!-+02 
.130E+02 

,992E+OO 
. 19cnE+OO 
,99"E+OO­

4S3E+OO·
1 . · j453EtOo 

· · 4S3E~OO 

• 3721!it0'0­
' .3b5E+oo 
~359E+OO 

. ~_ 1351!?02 

. rtaoE~02 
1 99i$E+OO· 
,994E•OO 

· : 453!"+00 
:453E+OO 

1 353E+OG­
_,-348E+oo_· 

• t 45E+02 
;~so£+02 . 

. 1 995e~OO 
,995E+OO 

-:453E+OO 
:453E+OO 

- ..-343E+00­
,337E+oo 

r155E+02 
.1oOE+02 
~165E+02 

_1 9q5E~OO' 
,qqsE+OO 
1 99&F+OO 

~453E+OO 
;453E+OO 
.e453E+OO­

1 332E+OO 
1 328E+OO 
.32QE+OO 

. _ 1 170E+02 
• 175E+02 
:iaoE+02 

. , 99bEitOO 
1 996E+OO 
~996E+OO 

. ,4S3E+OO 
453E•OO·1 
453E+OO 

~319E+OO 
. 315Et00 
~311E1'00 

;iasE+02 r99&E•OO ~4S3£'+oo .307E+oo. 
.190E+02 
:t95E+02 
:200E+02 

1 996E+OO 
1 9q7E•OO 
,997E+OO 

~453t~oo 
453~ 00, . . 

.• 453!'+00 

~303E+oo 
300E 00,_ . 

• a97E+OO 
·:2osE+02 . . .997E~OO ~453E~OO . ~294E+OO 
;2tOE+02 ~9Q7E+OO ~453E·+oo _.·290E-tr00 

. ~215E+02 
220E•02 

. ~225E+02 
1 9q7E+00' 
,997E+OO 
.9q7f+OO 

,.453Ei"OO 
45-3!'"+00, 

·.453~+00 
. 

j287E?00 
'284e+OO,

·,2a1E+OO 
;2JOE•02 
.23SE+02 
;240E+02 

. ~9~7E+OO 
r997E+OO 
.997E+OO 

'453E"+OOr. 
.453~+oo 
~453E+OO 

. ;278~?00
r

,21sE+oo 
~273~+00 

.245E+02 ;997E+OO :453E+OO :270E+OO 
~250E+02 
1 25SE+02 
• 260E+02 

. :zo5E+02 
~270E+02 

1 998E+OO 
.998E+OO 
:998c+OO 
~998E+OO 
:998E+OO 

~453E+OO 
- 452E+Oo , -
,4S2E+OO 

1 452E+oo 
,452E+oo 

~268E+OO 
.2boE+oo. 
1 263E+OO 
,261E+oo 
,2saE+oo 

:27Sc+02 
:280E+02 

~qqaf+OO 
,998E+OO 

1 452E+OO 
.452E+OO 

1 256E+OO 
.254E+oo 

:285E+02 .998E+OO ~452E+OO :251E+oo 
:290E+02 ~998E+OO ~452Et00 :250EtOO 
:295E+o2· .9Q8E+OO ,~52E+OO :248E+OO 
:100E~02 :998E+OO .a52E+Oo ~246E+OO 



AXIS GOING OOWN~GATE APPLIED VOLTAGE VAPP 

• 
1 

t 
.. 0 .,. .· r . ,. .,0 • ;tl , .. , ..~ .. . . .............................. . .....,.............. . . . . . ... 

... 
~ 

20.00,. 
~ 

•* 

~19.so·" •* 

.:1q.no: •*

.:.is.so: •* 

~ta.oo: •* 
.:.11.so·. .• 
.:.11.00'. •* 
.:.16.so:. , •* 
·16,.00~ •* 
;ts.so~. •* 
.:1s.no: .•* 
;iu.so~ •* 
-ta.no. ·* 
.:.13.so: •* 
.;13.no: •* 
~i2.so;~ •* 
~12.l)O.!' a* 
- t.t • is 0. . • *' 
. ;.11 • 0 0 :·- ·-· .• * 
-~10.so~ . •* 
-1n.oo, .•* 
..,9.so, ·*· 
... 9.C'JO. ·*· 

.. -88 • '5 0 ~ :____ • * 
••oo·. . •* 
.. 1 .so~. , •· 
.,.7.00.. •* 
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