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4H-SiC MESFET Large Signal Modeling using
Modified Materka Model
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Modified Materka-Kacprzak Al & MESFET(Metal Semiconductor Field Effect Transistor) model& A}--3}o
4H-SiC MESFETY} A% 2982 33515tk Silvacorts) 22 AlEdolelql ATLASE Al&3te] 4H-SIiC
MESFET 274 Alg# oA & #3382, o] ZHE modified Materka AN S R & A3t Rd Y gt A&
o °V4 2 vds) Ade -8VY pmch off ALY Vo0V, Vps=25 VAN Ipgs=270 mA/mm, G,=52.8 ms/mmE

F AU, AE EA A EHBE E& 2GHz, Ves=—-4V, V=25 VA 10dB¢} Gain?} 34 dBm(1 dB
compression point)e] £HHY, 7.6 W/mm——] AHIE, 37%2] PAE(power added efficiency)& & & Utk

Abstract

4H - SiC(silicon carbide) MESFET large signal model was studied using modified Materka —Kacprzak large
signal MESFET model. 4H -SiC MESFET device simulation have been conducted by Silvaco's 2D device
simulator, ATLAS. The result is modeled using modified Materka large signal model. simulation and modeling
results are —8 V pinch off voltage, under V6s=0 V, ¥ps=25 V conditions, Ipss=270 mA/mm, G»=52.8 ms/mm were
obtained. Through the power simulation 2 GHz, at the bias of Vgs=-4V and Vps=25V, 10 dB Gain, 34 dBm

(1dB compression pointjoutput power, 7.6 W/mm power density, 37 % PAE(power added efficiency) were
obtained.
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B 1. 4H-SiC Material parametess.

Tdo) gt= AHo 2 ¥HYAH AFGY, WX
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2-1 Device simulation

Parameter Electron Hole

Energy gap, E; (eV) 3.26
Relative Dielectric Constant ¢ 9.7
Schottky Barrier Height(eV) 1.75(Au)
Thermal conductivity 49
(W/em - °K) :
Mobility : Concentration Dependence # =88, pn =970, # =14, p =43
# (N=p 1+{p f(1+NINa)] No=143 x10" No=143 x 10"
Mobility : Electric Field Dependence V=2 10"

_ v V=2 X107 8 =2 il
# Ny H{IH(U(p V) )] B =1
Minority Carrier Lifetime(sec) 5x107 t0 107° 5%x1077 t0 107’
Typical Ohmic Contact Resistance (specific— @ cm’) n-type : 1x107° p-type : 1x107*
Richardson Constant (AK > em™) 146 30
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4H-S8iC(n)
Channel(1.7x 107em -3/ 0,26 m

3 1. A 4H-SiC MESFETY ©Hix

Silvacor}e) 2319 A7} A B o]E]Ql ATLAS &

o] 43ta] 4H-SiC MESFETS) 22} AE#ojld g

TRAT 22Y & A gdolEe Ay oF
< 223tE Poisson WA AT AR}, gl ¢ 2
Zte] A< (continuity)FH §F 71EHLZ 3714
BEAE ALHLE ABYAE FYsHA HH,
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gred 220 ©E ST B Rd 2y
stulE Abgo] wf§ FQ 8tk & =R E low
fields} high field2 Uro] ko] Ao & &
9 AHgated ABHOlY B2, 29 Sy
£ 439 £22A3E R AeE 2943
2dsiztulgst & 19 Jepdoh

Channel 7} 9} doping =%+ Z+z} 0.26 pm, 1.7
x10"cm *01® 6 ume] buffer layerdll &= 1.4 X 10"
em” JAE £%o) A4HUT, LNHFL A%
ntEdE 2x10%m Y £ £Ho| ALEHO
w, Schottky barrier height:= 1.75eVE AjEg|o| A
3l t}. Breakdown voltage9}t gate$} source A}o]2]
capacitance FAE 723l gate - source2}o] Az
= 0.3 wm, gate —draine) AdE 0.8 umZ Y
o, gate lengthe= 0.7 pm, gate widthe 332 pmo)
o AgHolNE aRe 72Me 39 13 2

2-2 |-V simulation and modeling

A48 modified Materka model®) channel
current(ld) E@42 thg 3 Zo] IA AEZELE
ol A2 4 Utk

IR Vs, Vostel{ Vs, Vost{ Vs, Vst (1)

[:1ele]

B 2. Model keyword and definition.

Model Keyword Definition

Lyss Drain saturation current at V=0V
SS Slope of the saturation region
Vi Pinch off voltage

GAMA Z;lt:(g);:ta gselope parameter of pinch
E Constant part of power law param

-eter

KE Dependence of power law on Vs
KG Drain dependence on Vgs in the

linear region

A9 3714 g gREol gulde AL g
AVes, Vps} © ESAFY A7) JYeglie &5
oln], ¥ g Ve, Vsl ® YA E(output con-
ductance)& JEl & Frolth £ tanhP )& X
ol BF Ve, Ve AZFRYHAAY
I-V BAE 71387 948 #4olth. Materka
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& 29} 7tz JERRA

7 {1+ssTV“—"]-
dss
V ) E+KEV,,
o Ve
{1 V,,O+GAMAV¢,-]

SLV 4

x ta”h( T RGVLY ) @
IV EA4ZAY fittingg $stds 4 (2)o) By
Ae 24 dengE AE A AAREH AH
F&3to] woloj2e) wW3te] wa} Interpolation
scheme-& A}&-3}od fitting 3}tk M.W. Shin'lo] &)

& 493 239 2349 23 AEHoHERY

B 3. Comparison of Experimental and Simulated

Result.
Experimental | Simulated Result
Result®” (1% 2)
IDSS(mA/mm) 300 270
Pinch off voltage(V) -8 -8
Knee Voltage(V) 10 10
gm(ms/ mm) 42 52
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Id(mA/mm)
280
245
210
175 3
140 4
108 oo

70 3.

device simulaton(ine)
Materka modeimarker)

8 2. I-V characteristics of a 4H - SiC MESFET

de AlgH ol AAE X 39 uiZIH ANEY
oA zRE A2 IV B4 #2349 HAvEHE A
g3t 2 IV B4o] I8 29 vEyH, B}
9 9904 ZIe F AT UES BAET

2-3 Breakdown Simulation

2 FEAGE AHLAT) HEA ZFojopE
2089 S0\t 19 3(a), 3(b)E 4H- SiC MESFET
9] breakdown simulation A3tolth. 18 3(ay& &
29} breakdownz FHP AY, AR FAoH, 1
@ 3(b)= breakdownA| 9] field ¥-¥E vrehdich
breakdownS Al E# o] 817] M e TAANM
& ARE 24 HE Aol £EL BAE
= impact ionization modele] Al& 5 ojo} &=H|, B
=Eo A= Selberherr2] impact ionization model&
A28l 1, AM¥ impact ionization R@ =} wiz}
WHE E 4o UERAGTH

ANEH IR Ao A% @A pinch offi el

# 4. Impact ionization parameter in Selberherr
Model.

Model Parameter

AN 834x10° (em™)
@ ;=ANexp[ —(BN/E)]BETAN | BN -2.0998x 10’ (ecm™")
BETAN 1

AP 1789 10" (an ™Y

BP -2.7910x10° (cn ™)
BETAP |

a =APexp| - (BPIE)™™

gate bias -20 Vol AEHoIH HIULw, 1¥
3(a)t 200 V 23 o)A breakdowno] wAI§HE Kol
T itk ol olm) By YA A A E
FojMo] # A3 Y& HAFH, Class A X
AdA AYFE79 Hd HYS 4 )3 2o}
g 4 Ao’

P = LYo Vi) &

o] Bz So] Hj AL BAA3=
ERAF(L), TFE AGW) 18T FE AL Vince)
ol Hed, 7t & 4L Fe A & Ay
ojth. 4 3)ol MEW, 1Y 22XE APYYL = 6.4
W/ mm7} 5o} Si, GaAsol] H]s] 108] o]A}] A g
9T g HolA ®dh

-
2aE

(b)

38 3. (a) 1-V characteristics of Breakdown si-
mulation, at Vg=-20V.
(b) Electric field of the Breakdown simu-
lation, at Vy=-20V.
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2A% 2dd) glo)AE @A7+A) Dambrine!”o)
AP HFFEHol Bol o|&HT ot 243F
2dE 37 M E 2NE FUIRY S AR
Htoloj A9 W3le] tdt SYAQ 19 4949
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g FEd ok gk 7|AAE] F&HE 7 blo]
oo EAE S HEAUEHIZRE 74 R
AAF | 20F 299 intrinsic AEL AL 4 9
A At} wEA 2413 Bl glojM, 52¢ 7|4
AEL wpojojx Wale]l EYPHQY JF2H EE
Hpoloj A oo A3 Rdo] JgL FA €
th AS§ R J\BAEE A Astoofnt Hlo]o| A
o) @2 intrinsic A& o] FAAYE %< 7HAA =
DE AR 28 4235 2dd 1 MR
9% Aol At

7N ARE 3837 99 WELAE HY
g D3t Ak 3, olF HAsA AldEHE
o] Cold FET £23o|u, F. Diamant$} M. Laviron®
of od AL A¢HAUL. o] WP FIHe
FETS] Z#9 ulo]o}AE 0 VoltZ & AoE

Crate

28 4. Small signal equivalent circuit

ona

Holoj 2o thdle o|5& ZA e FELAER
T8 e Aoloh.

Cold FET £AY& AolEd 713l Hpolo] 2o
e} ool F7HA] gAE Yol 49 E £ i

STEP 1

Z <l Hhe]o] 2 0 Volt Ao A A o] Ed)] pinch
off o|&}e] wiojoj2E 7IH2 2N 71 A2
AEE = d F Uk 538 S FAEE o
B 4 @S A3t S HeluHEREH HEE Y
HeHE T3 T & Aok

Copn= Im(wyu) = Coeas

C _ Im( sz) . Im( le)

pad ™ w w
Cu=212 ¢, @
STEP 1

VDS=0V R4 Alo]Ee] 100mA/ mmo]4te]
A AF7t B2ZEE Ao|E AL 7ML o
Al 229 S dHEE TA Z selniEz
st AOlE, 24, S dzte NAAYH
d¥Es AEe 329 WA

Zyg= Ryt jwL yo=Z 11+ 213,
Zpd= R,d+]wL,d= 221 - le,
Zy=RytjuwLy=2Zyn=2Zy (5)

24-2 4SS E FE(Intrinsic element extraction)

Cold FET $4& F3 A& 71B4EEE & vl
ojoj2ojAe] FAdjolete] tha De - embedding
3t A9 Intrinsic A¥-S F&23Gtt 19 59
AZe Intrinsic 22 A7) 9% De -embedding
#3 & Byt

223 HErEe 28 sty 2403 29
F& Z29$ a9 en, 19 6ol 203 9
B EE 3237 H8 AZS T2IRY AP
Hg Bych
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: [Zu Zu]_z Gate E iz:mf‘dﬂﬂl
parasitic H

38 6. AN% 3% =299 A7

VGS=-4V, VDS=25 Vol AA 3 mengg
AL S sEulg AgEolAs 298 A3t O
3 79) YERdTE A£A3 2doxe] 23t o8 2
AZ R8st HAZ Bdo] ARH &S =
FoBR ANT Ry nlojojid wE HEA
£ AE o)A 33 vaee AL WAE 2
A mj$- F28 AAolch | GHzel A 10 GHz71A) <
1GHz 743202 Alg#old HULw, Algd oA
Edgo] By F A& Us ASE Yehye
g, ole 2435 2dgeingrt 388 F2HA
€ 9rd B 5E 19 89 yehd S-valq

E 5. Error rate of simulated and modeled S ~pa-

rameter.
Si Sz Si2 8
22% 6.7% 36% 45%
B 6. Extracted Small Signal Parameter.
Model parameter Value
Res 72 2mn
Ces 029 pF/m
Red 111 Qm
Coa 0.09 pF/m
Gy 6.5 ms/mm
Cas 0.064 oF/mn
&m 528 ns/m
ta, 243 ps
us
B b
e Cds

J# 8. Comparison of Simulated & Modeled S~
Parameter, at Vos=-4V, V=25V, 1GHz-
10 GHz. )
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He 2a8E Yehln, & 62 &8 &05 7
ZelHE Holx ith

Yu+7Yy,
-1
Com—— ;
¥ m( Yy+ le)
e
ng— 1 1
v ( le)

G¢;=R€( Y22+ le),

- Im( Yzz + le)

Cys "™

gn=1(¥z - Yyp) - (1+jwRyCy)l,

T=- —%Arg{ €Yy - Y) - (1+7uRsCp)}  (6)

2-5 Power Simulation

Modified Materka iA1 & 292 slaluje]E AR
dto] Axpe] HYEAE YolHs] 93t Micro-
wave CAD Tool¢] ADS(Advanced Design System)ZS
AHE3tel 18 9(@)% 2 ARIEE FAsAT

AR stability EAE  FBste]  sourcethol
inductorE F713lg o, o2& A¥IZE £
a7te) AYEAE Agdoldd AFE VGS=-4
V, VDS=25 V9] Class A Hlojo] A~ Z o)A HB(Har-
monic Balance) A Ed| 0] AL B35t 10dBe] o] =3}
34 dBm(1 dB Compression Point)¢] output power, 7.6
W/mme] power density, 37 %<] PAE(Power Added
Efficiency)®] A E4& A%ew, o) 22 A3
9 9(b)el vehiich

oz &

2 =3dME JFAg AZ2A9 4H-SIiC
MESFETS modified Materka )25 292 A3}
293 gdck WA 239 A A B ol
ATLASE A4-3led DC 2 S- gelng E4S A8
#old stAh B Lxbe) BEAS A EY o)Al
) Y8ked Ao me} o ©)F (mobility) Y&

onc

(%)3avd

Pout(dBm) Gain(dB)
=)

-10 4/. ::
20 1lo

T T T T T
-30 -20 10 0 10 20 30 40
Pin (dBm)

(b)

38 9. (a) Matching circuit for power simulation
(b) Power simulation for a 4H-SiC MESFET
at 2GHz.

AHL 39 3, breakdown A|Ed ol HE ¢8la  Sel-
berherr impact ionization X 9-& A&k A
DC 298 9Jstede A g AR IVERZRE
ARHQ 29 sevy #&E$ 530 curve fitting
dgon, 2435 gdevE F2& YstdE cold
method& F 38t 71AJ A E-& De-embedding 312
2H o Raa JEg 52390 DC ¥ S-H&
PE7t MR E F39 AN S0 eI H &5
FEHUATE T, vlolojxe W2 1A
% BEvE Y £ 3 curve fitting S T3 HFHO
E dY3 29 SnigE 2390 29 o
A5 249 sanEl= modified Materka A E &
9S AHESe &% F oA 3128 FAsY 2
o HYEYE Jephdo. 2GHz, VGS=-4V,
VDS= 25V, CLASS A Z#A9 A 10dBY) Gaina}
34 dBm(1 dBcompression point)2} output power, 7.6
W/mm ¢} power density, 37 %2} PAE(power added
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B 7. Large signal model parameter of 4H -SiC
MESFET at 1 -10GHz.

IDSS 0.6879E -1 (A) K1 16
VPO -8 (V) CIS 0.127E-13 (F)
GAMA -0.125E-1 (IV)] CF0 0.605E-13 (F)
E 092 KF 0.62 (1/V)

KE -0.115 (1/V) RG 345 (9)
SL 0.17E -1 (A/V) RD 5.13 (@)
KG 025E-2 (/V) RS 3.57 (@)

T 0.39E - 13 (sec)
SS 0.95E -3 (A/V)
IGO 0.1E~30 (A)
AFAG 20.55 (/V)
IBO 0.25E-2 (A)
AFAB 1.2 (/V)
VBC 200 (V)

R10 13.99 (Q)

LG 0.54E-10 (H)
LD 0.19E-10 (H)
LS 0.84E ~09 (H)
CDS 0.11E-13 (F)
CDSD 0.12E-08 (F)
RDSD 706 (2)
CGE 0.82E-13 (F)
CDE 0.85E-14 (F)

efficiency)& ¥4< + ARk 7.6 W/ mm &} power
density= Si, GaAsol] u)s) 108] o)A} & 3to|E 2
22Y 2AEMNY 3§ 7beAol FE&T s
E 7¢] Modified Materka A3 29 stelvgE
veER) Aok
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