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Abstract: In this study, we measured and comparatively analyzed the characteristics of MPS (Merged Pin Schottky) diodes in

4H-SiC by changing the areal ratio between the Schottky and PN junction region. Increasing the temperature from 298 K to 473

K resulted in the threshold voltage shifting from 0.8 V to 0.5 V. A wider Schottky region indicates a lower on-resistance and a

faster turn-on. The effective barrier height was smaller for a wider Schottky region. Additionally, the depletion layer became
smaller under the influence of the reduced effective barrier height. The wider Schottky region resulted in the ideality factor being

reduced from 1.37 to 1.01, which is closer to an ideal device. The leakage saturation current increased with the widening Schottky

region, resulting in a 1.38 times to 2.09 times larger leakage current.
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Fig. 1. Structure of the 4H-SiC MPS diode.

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 35, No. 3, pp. 241-245, May 2022: Lee et al

Table 1. Structure parameters of MPS diode.

Diode P*well width Inter-cell width
type (um) (um)
Device A 1 3
Device B 2 2
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Fig. 2. The current versus forward voltage (a) device A and (b) device
B with measurement temperature from 298 to 473 K.
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Fig. 3. Temperature dependence of MPS diode at depletion layer. Fig. 4. Variations in the ideality factor and barrier height of the device
A and device B MPS diode as functions of temperature.
d= [E, - v, (1) 5ol device AMT} §& A £0]7} &2 22 HAT 4
h olch. o] 4A 9l Schottky thol @ B FHENA AAY
o o] gloj ol A4t F 1o]ck PN &) o] A% e
05 = <in(55) (2)  guzolAe) AAFoR Ash of HCH[9]. T At o]4}
A4+ device A7} device BE T} o4 Al4of ZAisH A
o L~ S sto]at & 9r}
721 32 298 KojlA] 473 K2 &% ¥Wiso] 2 Zhs = S ue T R
o £ Wstg MoiRn, 257} F71e] met FEEY
j‘:_7]-ﬂ ]— 7<7]—o]-‘— 7'] O Q}O] 01' /\ Olq- Device AQJ Jo_i-l_-\é] Is — anZ ( Dp Dn ) (4)
50| Sl oF 1.148) 571507, device BO] FBE] &
7l oF 1.208) 71k A (112 AHESH BBEC A
2 2% 4 o0], Mol £ $EN). RHEE). I, = A T2exp (-2 (5)
R8 A Eol(0n), 7RI E WY (VoIS ol &3] 7 4
a L Al = o]‘ 1 kol
R pant zs AR AR TETHEET agse es wl e ony 392 B0 wan
2F 2 X0t AR (Kk), Richardson AF4(A™), A& = (T), = . :
M2 ()2 o] 23] 23t A o} 22 w&s5k9ict. Al (42 PN diodeQ reverse
s)= o 2 .
s = 0e =T saturation current2 38 4 Q)1 Al (5)2 Schottky
0 v diodef] reverse saturation current% JreF 4 Qi
M= Gup) (3) Device A9] =M B 4.63x10 AG|A] 4.25x10° A=
*7}; 1, device BO] A M 2% 3.35x107"° Aoj|A] 2.03
13 4= MPS diode®] Schottky regiond] m}2 9& x10°AZ £7}st= A< 9_4} 15} ct.
A =o|et o] AleE YEhdY f8 Y =ole A I 62 device A A7E device BY {2 U= 3t
(2)2 AF3] & 4 9Jom, oA} ALt Al (3)S AFR3E)]  o|th. 298 Kof|A] device At device B9] oF 1.38u}j9] =
& 2 9l Device A9] o]AF Al 1.37014 1.012 AAFE 7L, 2271 571E3E FAAF Afo7t 5
Zr4stal, device BO] o]AF AlpE 1.54004 1.0302 7+ 71l 473 KollA] oF 2.094[9] = AHH 75 M= AZ &
A3tch Device A9] §-& A48 t=0]& 1.07 eVollA 1.35  Q15ERIEt. Schottky regionit PN junction®] H]-&of o}
eVZ &7}stal, device BO] S8 A8 =o]= 1.11eVo] 2t 8 Y =0|7F ¥dt= A2 A (2)2 1™ 494 &
P2 qlch PN Agte]l g 4 9lon, 574 Axt A (4), (5)2F o] Schottky H]

Al 1.55 eV&E Z7t5t= 718 &9
849 =0]7} Schottky 753@‘.
sk 2~ 9171 device B9 &

o
El:
O

&0] @2 diode?} +2RR7LH H2 22 1Y 5, 62

A = T2 uTr
ool o 5o HAY 4 Ut

ro, :lo
L



244

(a) 192 —23K

Lf—32K
~107F — 373K
6 — 423K

- [ 473K

=
e r
o
=
©)
-14 ! L L
10 20 -15  -10 -5 0
Reverse Voltage (V)
(b) 102} —2K
323K
~107F —373K
< 106 — 48K
B K
107}
=
=
)
-14 . L . R
10 20 -1  -10 -5 0
Reverse Voltage (V)

Fig. 5. The current versus reverse voltage (a) device A and (b) device
B with measurement temperature from 298 to 473 K.
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Fig. 6. The leakage current of device A divided by the leakage current
of device B is measurement at temperature.
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