Journal of Korean Association of Crystal Growth

Vol. 7, No. 1 (1997) 126-136

6H-SiC UV #tholexs A 2 $354 #4

a2 AL, o]7]gt
S2ojstm st Ak, 330-714

The fabrication of 6H-SiC UV photodiode and the
analysis of the photoresponse

Kook -Sang Park and Ky-Am Lee
Department of Physics, Dankook University, Cheonan 330- 714, Korea

e o p*/n/n #AH(mesa) F+ZEEF e 6H-SIC UV Frjele =g Azste Al A

200~600 nme] <o) FAF(photocurrent) F A3}t Fojolez 2] FAel w3

oo} 54 BHEE A4 FQel4 U 260 nm DHAA Hoigre thehiic. b

o]z e FAHF FEF A5} Y5l &g A FARWUE FAE LS Ao,

7%]*‘*9 FAELEL 54 FAF XY Aoiyeo= v|aHY. 6H-SIC UV Frjelex 9
A% BLE TYNA FEFTH L2Y 25009 FALde 5ol A4t

Rilie ) pl

o

==

ol
oy

Abstract 6H-SIC UV photodiedes with p*/n/n mesa structure were fabricated. The photo-
currents of the photodiodes were measured in the wavelength range of 200~600 nm. The
photocurrents were sensitive to ultraviolet radiation of 200~500 nm, and come to the
maximum value at 260 nm. The quantum efficiency was calculated by using the diffusion
model of minority carriers, and compared with the distribution of the photocurrent mea-
sured as a function of wavelength each other. The photocurrents of the 6H-SiC photodiode
were explained by the diffusion model of the minority carriers which contained the optical

absorption of the depletion region as well as the other layers.
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Fig. 1. Temperature and gas flow progr
am for the CVD growth.
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Fig. 2. The fabrication process of the SiC photodiode.
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Fig. 3. The geometric structure of a 6H-
SiC p*/n/n photodiode.

Table 1
Typical device structure for the calcula-
tion of the quantum efficiency: (a) con-

centration (cm~3) and (b) thickness ( # m)

Device n*-% p- p- Si0,-
No. layer layer sub. layer
#1(a) 5x10" 5x10'7 5x107

(b) 0.05 3.0 0.05

#2(a) 5x10*® 5x10'* 5x10"7
(b) 04 3.0 200 0.05

Table 2
Photodiode parameters for 6H-SiC, 300 K
[1,7-14]

Nd ﬂ P Dp Z'p Lp

(cm™®) (cm?®/Vs) (cm?/s) (ns) (um)
n- 5x10'%40 1.0 10 1.0
layer 5 X 10'°50 1.3 10 1.1

Na Mo Dn Tn Ln

(em™%) (cm?/Vs) (cm?¥/s) (ns) (¢ m)
p- 5x 1060 15 20 1.8
layer 5x10'80 2.1 20 1.8

(activation)+= Photoluminescence(PL) &
Aol & =g 97138 10 mW
He-Cd #le]HZA A 325 nm(3.815 eV)
£ o]&3dth. Fig. 4+ 300 KA 4=
N-=3% 7|3 B-=3d ogFo PL &
He Aot} FurEL 5600~5800 A Alo)
A Frezz, o] k|Ate 6H-SiCol
A Borone] D-Ael¢} fF&HAE. pt/n/ntx
£ zZ+r& 6H-SIC Fohole o AF-Agt
(I-V) EA42 Hewlett-PackardA}¢] 94
(electrometer; Keithly 237)2 &A=,
2 #o%E Fig 591 debdth & 43 vl
ol (forward bias)oA tholoe® o HAFEL
of 2.3 V ool A F43] Frlatth. thele



130 L
T T T T T L T T T T
*g’ |
_8- 580 nm
8 4 (b)
b
-
%)
Z
m 4
E (a)
= «N)
[a ¥
M ]
Il 1 1 L L 1 L 1 1 | xM
4000 5000 6000
WAVELENGTH(A)

Fig. 4. The photoluminescence spectra of
the 6H-SIC; (a) N-doped crystal and (b)
B-doped epilayer at 300 K.
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Fig. 6. Spectral apparatus for the photo-

current measurement.
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Fig. 7. Photocurrent versus incident wave-
length of a 6H-SiC p*/n/n photodiode.
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Fig. 8. A diffusion model of the minornty
carriers and the energy band diagram of
a 6H-SIC p*/n/n photodiode.
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ol x ¢ 4424tz (minority carrier)
A4 4 2l YA W = E(energy
band diagram)e]t}. o] &2 Si0, E9E
& F3 29 F3, toleE 4 FolA 9
weol F<4, 2|z 33 (depletion region)
o A} A&} (electron-hole pairs)d] A &
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A dxellA BHAT 2 FHEAT F7d

E;_(
F7re) 4 g(x)dxe FFF BY Lam-

berte} W 2[6]o 2 5-F

-a(A)x

g (x)dx=a(AD)N(D[1-R(D)]e dx
1)

olz, H7|A a(A)=e AFe F-2A FF

A 9>(optical absorption coefficient), N{A)
= 94 #AY F, 282 R(AD)= 34t
% (reflectivity) o]t}

Bl A pFe g kAt FY
A 2} (excess electrons) el thik dLutAI Al
A7|A-& FAE 4[7]

dn(x) n(x)_ a(d)

dxz - an - Dn N(A){l—R(A)}

o aWX, (2)

o]z, 94714 n(x)E p59 A xA 3}
o] Az} % & (electron concentration)¢] i,
L. Azl #4kAo](diffusion length)o]
t}. p2elA AA T BT v|EA A9
ks

n(x)=A.cosh(;7-) +B ssinh({")-
(DN (1-RD}E e
wiLen e ®

o], e W o R n-FoA T} F(ex-
cess holes)Eol #gF o|Eurxirel oul

e

p(x)=A pcosh(—x—) + B, sinh( Xy

L L

a(A)N(A){l—R(A)}TD —a(A)X
{a(HL>-1}y ¢ W

oltl. 37|14 p(x)E nFe A xoA

%% (hole concentration)¢|x, L= &9

Atzlololc}. 9t 1.2 A7 &7 AL

o (lifetime)olch. 44 A, B, A, 3 B,
278 F|shebE FEe Jetel ¥IHE 7
A Z7A(boundary condition)d] £}3te] ZHAA
"ok, As £a s=9b AFYE(current
density) 9] d4& 4% AAzAL [8]
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n(x, - w;)=0, (5)
D[4X)] =50, (6)
p(x.-w;) =0, (N
dp(s) dp (X)

Dv[ dS ]x-x +I p+[ ]x X+

(8)
p (X,+ %) =p* (%X, +x.), (9)
0,y —sprx (0)

oltt. A71A %, . R X E 474 pF, n
2 2 J1#Y FAelz, S.F S, 474 A
2ol &o] 4 A A 4 = (surface recom-
bination velocity) ojt}. -‘T—Jtﬁoﬂx{ Fo xd
MAF 2= 284 HF(ohmic contact)
o &3t A Fdolt} (S,xx). &g
SLutal 2% p(x)9 n(x)e 4 (3)F (HE
e AAZRZL 4 (5)~(10)& B3l
£, AFEz J(DHe A 534 THS
el 24 bR F&V|2FE AA
"o

g, B okx} i & (internal quantum ef-
ficiency) 7 (A EAE JAste F39
ol g FHE AR-F F(electron-hole
pair) 9} 24 Ao} F,

J (D
aN(D{1-R(D}

n(A)= (11)
o1, 714 Ax HA, J & F AREE, q
+ AslE, N(D+e 44 229 «, 282
R(AD= ZEHANA W dirLgolt). oF-
oF 2} & & (external quantum efficiency) 7
(Ao WO vbr}el o8] AR YR okA}
zgoltt F,

7 (Mee=7 (DI1-R(D)] (12)

ofth pr% FAH FFE BA o]
AYE B A7 p/n APl Fage
24 Agste FAEE 7,0E[1,89]

7 ()= Zf,Lz o SD+a/D -exp(-ax,)

L—cosh( 2) +8S .sinh
(S cosh(Z2 )+L smh( )}
-aL exp
o
(-ax,)] (13)

oli, H47]4 @, S, L, D, 282 x5
k7 B FoAle, Axe 249 AR &,
g A, &HAaAS$(diffusion coefficient),
o=z p*-39 FA Seld. B Fo &
Abell 2)3te] A& UdAt g 7,(DHS

-axp

L
7 (D=5 aL,

-axX,,
N all exp (14)

n

cosh( E

aLe - a(xn+ Xp)

(a®L2-

Uw(/l)z

Xn
L
e P _cosh(X n+)
[aL+ ' ] (15)

o)z, 4714 Lt L& 27 n%3 nolw
A9 £ BAASlS. THENA
2R & 7. (A)L[7,8]

- a(X,- W) -aw, -alx )

7.(D)=¢e [1-e +e

-aw,

[1-¢ ] (16)
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g3 p/n/mAY Y9 Si0FL kS
o 24 zmejdd. Si0Fe] 74 d9 @3
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(ni-n?) sin*{g (A)/2}]! (18)
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2 ﬂ'nod
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Fig. 9. Optical absorption coefficients of a
6H-SiC at 300 K [9].
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Fig. 11. The quantum efficiency of a 6H-
SiC p*/n/n photodiode; (a) the calculated

(line) and (b) the measured quantum effi-

ciency (squares) [2] using the parameters
of device #1 [1] .
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