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Abstract

As a promising material, GaN is getting more and more attention in
semiconductor industry. Its excellent properties such as high bandgap,
high electron mobility, high saturation velocity and high maximum
operating temperature make it the most attractive material to fabricate
high frequency and high power device, and it could be also applied to
solar power systems as power inverters’ component. Along with
increasing operating frequency, the parasitic effect becomes more and
more obvious. To improve device performance, parasitic inductance
must be suppressed. One good choice to reduce parasitic inductance is
backside via directly grounding process. There are two methods to
fabricate SiC backside via holes, laser ablation and dry etching. Dry
etching process is more complex than laser ablation due to its
time-consuming thinning process and etching mask fabrication. But due
to its simultaneous etching of each via hole, dry etching is more
compatible with increasing wafer size. In this study, dry etching process
1s selected to fabricate via holes.

This study investigates the whole backside process from wafer
mounting to the eventual backside metal plating. One of the most

common problems in backside via dry etching process, pillar formation,

III



1s also discussed in this study.

In solar cells, we can not only apply SiC backside via holes to GaN
power devices to reduce parasitic effect but also to package to reduce
heat accumulation. We can fabricate positive and negative electrodes on
same side to reduce ohmic contact resistance and enhance device

performance in solar cells by this technique.

v



oV ERSAEP

7 BT R 0 TEP F 2OTRET A A RO AR
SO USRS doi F TR 2 RS -
BAE LRI A ¥ e R AP R RE LD

BACEHF > 2 o - Ba TP Fed 3t 1T 504 § atda

So B EEESYUTALEY KA WA IRG AT R d A e

"
¢
ﬁ
—\%
~=h
g;
=
9
%
(=
2

D R O S i T

Gy AR § L BRE o EAAT R ER R Hh 5N IE S 2

AFTFEAFRF el ARSI B -k T

ﬁii\ LS flde- B Pl BY RS ST AR T4 S bS8

|~

AR F eI

Bir ko

BoA L OB AT 0 ARk b a0 8



d F el P PUARLPE TEIREREE KT e r T F

S P LHTEMTARNTEAL

AP AT APk R RA R

- L AETHGREN o RS o B A BRI Srenig ) SRE 2
T o He g e B TR EL ¥ A mR R - B

Tt o dpF o IV %2 R H > § F L BARP T
Bl RBA D k> B HEALAKRT S AR T Rk e g g
2= o fttd eIV %L E 2 ¢ > GaN(F 1 4)[1]5 T -
R+ AlEr g A4 - Boded - om0 ol B4R
GaN 7 ¥ & #chiRp Bk > [ & F «h&F frig & (saturation velocity)

hic # 14 (bandgap) ~ B 2 jf % H-(breakdown field) ~ 24+ gt B §
% (thermal conductivity) %2 1& & 4% 1¥,§ & (operating temperature) ° i&
W Ed g GaN 2o f £ WP AR » F A 2[2] 7 14k A%

MAFAEHLIBRRR - FEHF 2 RBEDES



7K Si GaAs SiC GaN
8.6 8.3 20 25
1.12 1.42 32 34
0.3 0.4 35 35
1.5 0.46 4.9 1.3
300 300 600 700
=+

Fo- 3 LA T o I

4ol #77m » GaN § T + 88 F 5 4 ¢ (high electron mobility

transistor, HEMT) &% it F# 5 AlGaN(§ 1 4845)% ™Mt F# 5 GaN £

Bhw a8 @3 F § (two-dimensional electron gas, 2DEG) » %]

- A

TR

iR R Y

Ry

@ AR ESHTS A
e 3] -




Gate -
Source Insulator Dral n

AlGaN Barrier

GaN Buffer

Substrate

Bl - AlGaN/GaN HEMT %47 & [l

£ 00 GaN 5 AHa s 3 0 F15 4 2 4 (>64)i GaN
B AT R BRI R kS E GaN f S A

~ ¥ AR (Si) ~ EF F A4 (Sapphire, AI1203) % g it # 2

Bies < #

| % ¥ #ic £ B (Lattice mismatch) ~ &) s Gl £ B

(Thermal Expansion Coefficient difference) 2 & i& =4t & %-[4,5]> 4p Bf
E—‘%}; ﬁj’H#"«ﬁ"ﬁ; s FI AT E

e ©



PRFE Sapphire SiC Si
16 3.5 -16.9
7.5 4.2 2.59
-34 25 54
0.25 3.8~4.9 1~1.5

% = 7 GaN F & * At sk

iw 3% # SIiC # 7 3t (Backside Via)$# jiF

AT R ANEET 5 4 E AR (Wires) H - TR HERY > (e hos
#i; 5 32 (transmission line theory) k#8534 » & M &5 474k 1= >
% 4 ¢ R 2 & (parasitic inductance effect)s7% £[6] > #-# ~ i Hea
LR o deBlS ST 0 BT GaN HEMT & 0~100nH 2
% B (grounding inductance) ™ - H & < 3 £ (maximum gain)frif 5 e

B % o f X-Band e (45 % T > 100nH 1 GaN HEMT 3 ¥ %



B Bl AT 2 R ER KRR A in Kuband gk it

o = N RSN g 57, == 2. ‘\‘,I‘: 2 [ » = -\ 7
BEFT > RRBMETAHE 0 F o e R P RTRY F 2 TR

30 L
25
R e— o i
@ i
=2 ' , o
= ! S
ARl e e o e N0}
) | Pl '
Z -
> 10 5= 0 (nH)
Ls=25 (nH)
Ls= 50 (nH)
5 I Ls=75 H)
Is=100 (nH) Rty
0 i i P R
1 10 100

SOORBAEABHEETHAIL > B FTILPPE T4 K

FRFLTR[T]



—Hm g o F 53t e < B8]
<I> 3 5% # ik

> R F 2R

<llI> % 7 & JA{&4 77 contact pad

<IV> 7 F & 7 ifs WAz (air-bridge)

AR TR A A g W gRd B IR { F 3
feom 2 FARR 4 ¢ Flf S o Grounding path @ o] o gt e
dok F G EART O I ] 2 i 0 FHE E
FiEsd £ 4 (source metal pad)-| pF o & 7 3¢ ijﬁ? YRR R RE £
HeF Birl B B E > P ETRES S BRE B ITREOT AR

& * AApirs (discrete devices) £ pF » ¥ 0 B F e K¢

3\
e
\ -
&>
facd

=4 (backside ground metal) (¥ 4%, 71 W AR~ E > F] 5 LG @

HREHERRE A B AR T AT



I A RF Tl R

EF T I AT oA B & 5 Z i § 844 B 47 (laser ablation)
friz 4 2 @Az (dry etching)[9] - T #4448 WALT 25 P42 5 ~ § D

JZ vt (aspectratio)® T FHF Tl A o4 FFRAFEL 2
k@i EF LT HAUNBYURT - BREF- BREFFFIVUE o AT
MR RE o AP T AR YR 0 fre Bk
FRh oo 2 FERFEE AFE - BApHA AR iz T
YUl EEEET R P F TR 0 T Ak R ey R R DR P
PP FRCURPFROBEE A P FF I el Hiien
SR B G RTAT o T S AR e s

2 AR TR B Y e G F AR F i 3 v (selectivity) 0 i

PRV LA g AT I S o & 2 S iEs ARARG e



T b4 B A2

Foas % Bl Am

1. Etch via holes sequentially

2. High etching rate

3. Can achieve high aspect
ratio

4. Simple process flow

- no needs of wafer thinning &

1.Etch via holes simultaneously

2.High density of via holes in a large
wafer area available

3.Compatible with conventional
semiconductor process - no need of extra

investment in process equipment

lithography 4.Selective to the front side metal - no
5. Smooth via hole risk of etch through
morphology
% = FHAAHsfrge ] @Eat TR

T~ F TR RO AL

FFI 2 AMLL G oo B DiskaR T F(pillan) 2 2)dk

i 28 (microtrench) &) & o k2% § 4 § &34 F R IRA; 2 - 7 7 £




FIBR T o A MEESA A  §ERDIUEDEBR

L0 RIEREEE T b ek s B RAT AR 0 W

(|

Z R R AR -

(a) Via

Bl = #3704 42486 N7 L8 QWLEATH (bR



(- LR F # 5 R PR A

B SIC eh¥ Fitgeay WAsY » RATH ) 2 - BRY L
3 & defect > R T € ¥ FILDRINAR 0 @ T g R4S

WAz 7 0 @ 19 SIC &% 3 ficiE > BREKNE Rz a s

fodt B i im i e 7 L

¥ ERR A G F 0) R EEE S M R 5 [14]

A B F O RR 0 B T IR ARA T F S

Bz 53 Rt s Bl 5 n A § 43, % sl o iF 2 (0)2

(C) VRl 40 [B] 7 & A 6] F(a)eh 45% % 32% o

11



.‘zgiﬂﬁﬂ‘_‘

-

Bl oz 3Rt FEARA T ) Ok TR
@)% (b)) (o)L = (d)F ¢ & #12x= [14]

gl E RSO -t F R R S TE Sy s

A B (Microtrench)sx s o ficA B 1 & 5 = B kh > - §2HLF H ohi

12



Nesd

AR B ASIC A AT g R B ek e e PHTE b e T ¢ 2

AN AT AP & A Oy RS -

#c g (Micorpipe)  #_SiC A4 ¢ » 57 2 4 %] ol chdd [z — >
Mg F1% SiC § 7 F enit 535 £ (stoichiometry) > #7170 H 4 %] 5§
Mooom P L FE AR A (YL P AT RE (NISIF pasivated) > @ 455 4
L EY R - fAHIEE T 2 L B F15] 0 ot %Y 0 €
Fo A 2| Ak %) 48 g (micromask) 0 & F T 3L A FRA) A Rk
TP o AT AR WA SR R4S £ BRI F

53RN e BT M) e R B e 907 S R A -

Piars

' 4
I

13



B T Mol eslEich ()RR 4 SEM (D)cE 174 2 7 &
BI[15]

EEAEY S FErEF R ]\m)%,@ﬂ’ g dnehl b R Y
A 2 o ofd b WAR B 4o % ) 3 (Pre-clean) ¥ 1 '}%"",f 4 o ek
oo @ e 4 Rl S0 A% B Fcd kR o 4o Bl ¢ T o %ﬁbﬁ
g m I EHIT A ok F A 50%0 4 - Bk

ST R e 8 O R SR K A ek

14



DI R E Sl
(a) SOOW/100W 2 4 48 (b) 300W/250W 2 4 48 (c) SOOW/250W 2 A 48
(d) 750W/100W 5 4 4&[18]

(C AR TERDOR I

FOARA G BT T I RIRG G ) N DR R Y -
BE TR AR DR MR ERD R e R

F5 gfii&f%gﬁyﬁq\?%iﬁ'}iﬁ"&agg°

F_&

15



— AR o HCE B R S oI RF A AT T I R
PREYEF G M o B fRA L - A BT s RS LAY - B
BE o AoRl- T o A B RS MRS R RB RS REFTT

3RS R 0 TR R T

GIC 2 SiC 970w J1Bain
ﬁ_jla?%n- gﬂ | 1:u-
Trenth8,87um

Bl = 3 6E Rk
B /A S/ F WA (a) 7S0W/100W/7mTorr (b)
750W/25W/TmTorr (¢) 950W/50W/7mTorr (d)
750W/100W/12mTorr[ 18]

16



B FE Y B BARF MRS T LR HORIE S S (g g
AR E FTE o ATl iy R AR RN E KR AR R T RF
¥ eyl o JEd B4 § F i R 3] SiF 6 5%5] 10% o it B

PR T B TS A M R

0.2
b)

=

=

h
T

O, flow rate
A:10 sccm
A 20 seem

Trenching
o

0.05 | Optimized condition

Pressure (Pa)

B~ HCEFEfos § 2 Oyin £ e0hf (2[15]

I~FFHUEFA

49 GaN § B @ LR R b £ B R HEF P (TR
#7120 GaN 7o i poBrerni 5135 5 A P Gk o demi i > S iR
PR g A k2 T 0 1 SIC & AR 7 GaN Ap M hilAe o

FUEN RGO F 250 H 4T - BE P GaN-base ~ i

17



gt > A T IV LT A SIC A o MR- B aEHR -
Fd ¥ 73 hflaz > T E M0 s hif R 3 (source pad)fr i 5 50
EBZ By A - Az o by AR B Ak g 0 T
PV AR REF AT F IR 0 TR E T U sty
A FAETIORUBEIAF OIRAELE > FTIT U &
1 AR B R T S feRiE A BRI BER 0 dest - ko

J"}%ﬁlﬁilq gug o

CHAFFUEP A

Binie 74 73 a5 s > Ajpe g LRSIiC Fieis @
oo B2 SIC A4 280 cPAl ~ e 55 AR g ihaf 1Y B AL o A1
SiC # B gp4e 1 etz — [11] o o >t SiC s el - #7020 B A * &
it A E Y 4B(ALOS) T A g * 3 SIC enE i W A o Fp > H B
LR IR+ 5B eniER2 - > X 147 i f2b 9 b
g o T BC i 2 R R eiE I B C B R AT BT
2B Ry B R SICAFEFECHE 2w Z g
A B E o BB BAT Y 0 APEsRr BCE x> k¥ SIiC
A EE ﬁlﬁi*’“f 7 BsC #s & &L ek HHRE T By AV

- BA @A EiE 2~ o [12]

18



Material Knoop value

2100

2480

2750

7000

* = A1203, SIC, B4C 2 éﬁb} R v ﬁi%\

1295 Preston > f235%:

> Preston equation : R.R = k*P*v
> RR: ¥ +ad %g‘»

> kK FEY K

> P EER A

> v AR FER PR

i A AT B e "$ % (removal rate)frF= B R 4~ J4F 2 57

3

@%ﬁ”’#ﬁfﬁﬁﬁ’ﬁ Mo Bz 57 P""ﬁ”’?%ﬁfﬁfi‘frsmﬁgiﬁi %;z;‘u
B4R o d B4 (@)% B4 (b) A F B 2 u,%g:{rfrp@@; .

AF2 FERpHER T ME LA > 2L 2% & £ Preston > A%

19



o d ML (OF oo g kR L L P SIC A d g
fo

Pressure Velocity Abrasive Concentration
20 i - . -
uf (a) > (b) / . (c) |:|/
T 1ef -
& & 12} » E
5 14} / E E 1.0 EI-—[I/
.; 12} .E 10} .E o
g 1.0 3 g os
E ol g os g o
= ol i | o o
o4 I:O 1 l‘H l;ﬂ TH=20 Tmlse 'm-u; 160 : ; !‘ﬂ ;9 Q
Pressure (g/cm’) Velocity (rpm) Concentration (wt%)

B4 @FEES (OFRE R (F FikdkR{rSiC &2 7
F ehhd T )

(=)sca s By i

BEREF 7N e D B EBNDF Y Ky
A % ¥ (hard mask layer) ™ R # T3t cnd & B 0 EERHELEH K

% Hark mask i & & %] 5 454v SiC § R4 chica % H v o

A EY Az (2o BT OREHA REE v R RiF Y
Fatay g JAF T Elama 3 0 4% F(etching rate)frd %) 14

bk E & AT A Sl q‘fce‘ﬁ A A% R

20



Wi R RES S 2 ARG R F o F T TR G

Sy

[

el

Xy

L e T S A% F{oip b Sl T -

- i@ 2 > g ot & (Bias power) ¥ 1 {F Pl F ddk ] F oo

gy E S o TS A BB AT YR o

Bias power " W H —

Dilution with

! ! ! i

He
Pressure 7 " T i
Ar addition 1 3 ) H

ek g et e € G SIC AP 2 A RF E R BEARR
BORFERT UG RF DY F[13] LiEF DR ER § R

AL ¢ Aok ¢ ¢ Wi B AR (- R B AR A

21



fé’t‘ijﬁ‘ﬁ ER AR ﬁﬁ':’fﬂﬁlﬁi GESEEE LRI A ‘ff'rﬁ mﬁg’k}; BR T

E"%’:’” lg;'lﬁ’\}}éﬁéj B K;&'é‘-@ - lﬂ:,{ﬂ’““zﬁtg\o

O F AR R F T £ Lo BB Ee
RAELhife AT it po Wigd hR BT 3
) SN T ,»_«’x—i—ué‘égqgcg!}‘]tbﬁ_pﬂ ) L L F 7 3L gl

Frodd %] B TR B o

180 1.1
=
€ e
&
~ 160 =
B =
[ L
Q -
5 N
w 140 ™
Q £
w =)
B0min. <

120 ' ' L 0.8

0 50 100 150 200

Diameter of Via (km)
Bl L &7t m o % 5 B A EI[15]

7 & F Wehw 8 g{r’&C“‘ G el & 035 = SiFy and CF, #

oo B2t SFe & - B & SiC 34 %] ¢ ¥ L ihFk b o g%zt y

22



! e

I gé\:)\f')fi_gﬂ;g

F oo ReRE B A O B T b

BRI o0 T RF SIC e oo

ey
'%W

;%E; FriikieF Aty Rl 3 R T UG R AT
@k oAy B FRAFIRNE PN INT R TR A AR BT AR
B ATV g R T RRE 4 AR YT DRERT
1D Hdgd B FIERE O TR AFERBRTELNFLLFF
PR o et - Ko R AR A T O EEd T T AR 4 it

s Bl - A F 7 3B At 4o #4 F 2 (power added efficiency,

PAE) ~ # % 3 % (power gain)% #5 : 7% & (output power) 12 48 o

23



Output power [dBm), Gain [dB]

Operate at C-band with V, =50V,

€ _

80
70
60
50
40
30
20
10
Ppwer adged effigiency 0
0 5 10 15 20 25
Input power [dBm]

CHCELE b A SRl I SRR A Sl e

24

2R
.l

[19]

Power added effidency [%)]



R FI2EER

FHEICEWEEITSE AT E BDICE TR * chitjy p o s iR
BREEY S HP I BRLRT PR AL d 20 f
HE BREIRLSDAHEDAFL  FPROLICRE* 2 7
#= 1C z’v’ﬂiiﬁ%lii)i CREAZFDTIVF o F Al @ﬁ%]ﬁ ’
B RRTALY FF S D 2 B ARG P o AR L P
FratypLdpin ey Bt Lo bodom it 8 A 2L ¥ TA
STILERE 1 o AP 02 e AT dV AR 2 2 AT e B on R A

Be oo

- v § Y 4E AR (GaNon SIC)% Lk it B 4L

5

B S G b L TR A 8iET HEMT = & -

¥
a4
ad

L = % AlGaN/GaN HEMTS#7 # 5 ~ it chifl iv 9 2% » iz #
SRR o A AR AR F A TR R AL 4 AP PR
FHEIG AR iR R AR L WL JRiRE (Source pad) A g 43
PRAZ FARR o AR R ARRE T R F L RR
R R R UL SRRy FAT RPN WA
VIR XA BN GEREE-AVRFLRRE TR

v B AR RTH R e F T B

25



Source Cirain
E— T

| SiC substrate | L SiC substrate |k*' | SiC substrate |

e —— L e —

Mesa ) (__Ohmic__J  Gate_ )

i B i

| SiC substrate | SiC substrate | | SiC substrate

Paaswatmnﬂ' Nrtnde Via ) (" Air-Bridge )
B - = AlGaN/GaN HEMT & 54 5 ~ i G %4 3%

= 7 3 A wik

ArdmBEAdafdi s A ErlREUasT f2 A3
Mo F2vd it AR RET AR BEHEAEE DR~ EAE
2 HE PR AR WA 3 R NS o AP R Y
AL R AR RAE S 9 H T 12 B A A R 4
Stk o BB AH R LB 0 T B KT B Py B
F P P FE A AR S BERH i RARE 0 2 @ R

A 4] R R FEARAR S BRI R R SRR

ffe PEFF TR FREFHFE 0 FT G RRB

P Kk AEF K ¥ (Holding Carrier) % @ = = w0 BLenfl A2 B s &

26



w170

(Front Side Devices) * 4% 7 & » w FL W AR fo 7 5 B - 4

-

TR uEagat e dla PREARL AR T
P W Ae R = TG 7 Hm 0 2 ¢ A_ BT k(De-mounted) > =" A if

¥oeolAES F o ERF MRS T e flaErd o £0]F 0w

Bz R RS BR  T BB AR - BHFRELY TR

e BTk B¥E - Tﬁﬁ%@{—?gﬁpq o

(-3
s Bl AR NS - B 0% 3% L 48 4 W A2 (Mountain process) > &%
S AR 0 K B R R ARRE KN (Carrier wafer)ds B b

T —F; @lﬁiaaa JTL

1
=
oy
Ay

o=
B
4
m
9 \
T+—
ﬂ\&-
—

‘?
N
o
—JI}S

Mot G B Refeib A o dek R G DA R F R 2 gAY
AR EREVFF ABI kS g b A4
fo AL T eSS o pL b o SRR T R en F T A iR T R B
TARESUE AR RS S RS S R IS ¥ S

KPR P T o AR B RS G E Y g

120°C » i2 247 * chB ' 2 > B3 8% 160°C > B 2k

—\

soRFfon K ElARL 7R & (Bonding) # fARIE 2 5 A 170°C

27



w50 1.9E-1 mBar R4 FAEF 25 A FA G x 2ALRES R

Ao ERARS PR SICH FREE S R BRREAES P
ERFPEINTIOEL 2+ A FEFF T We - FREL D
H 2 & 7= BARA o B (Lapping)fr#s %k (Polishing) o — B 4 »
FolArf & € LR B S 500 B K AT BT 70 B K BT BArid h T
B 5 600 Grit gk i #2(B4C) #2 i » dod 213  # hE B
B oo TN AT PR R ZEY A PR A G B AT A PR
i# 0 d 15rpm 3 4c 3 150rpm > £ 3 4c 2 300rpm > i® @ P[4 5 4&
SEEEH P FHER e PR RS JH N B R HTH
SRR R e WA ERR Y  BEERET GRS 23
BAT VR gABAFHELT ORI SELAL FRER
FEREVEpR T o LB A Y Mg hRlAE > WA AL F A RT
KL * 9 FfhF MER(ALO)A * KBTI LR » FIFT B A 24 o
TR RN ERCFFIHAERSGR G VP R TEE R3PS
RN AL o fek b fi - B €% SFIATEH KRR T il

koo hiRBE RN B EPE ZEu % SER m ek R ¥ i

A

B ;l,‘ ’ 2
Tf\ |9m

F| RMS 0.7 % # » B+ = &% gt (- #(B4C)E= B % & *> 70

28



Fa s * AFM £ R/H ek AE RMS=79nm > ; 2. {8 % ¥ i 48
(ARO3)F = » * AFM £ |3 RMS=2.76nm » 4Bl L w ; 2 52 *

SF1 #& % 13 chBl - I AFM € B> B+ = B st 500 B re® & fe ik

B L= &% BACH B s ¥ & m (AFM RMS=79nm)

B tw  @#* ARO3F E i ¥ o kin (AFM RMS=2.76nm)

29



B -7 @& * SFl @42 h% 6 %% (AFM RMS=0.7nm)

(a) (b)

Bl L= BEfekmBiiaia 2 OMERE%
(a)i¢ * SF1 #l4z% (b)SF1 Azt * i

(Z)5ce % X § il iF

FloeHF 7 gea % R RE(ZE4% 702um HEB) ¥ &
Gy B § i~ F 5 % WARF AL S KA A e
KE T A F* & SICHFIicey FlafeSiC § F g auEH v
P44 e SIC e F ity - AiFam kY o A ok

i lift-off fl e k Bl ivgdehm £ % :F £ 12 ACE % IPA # % F B {8 eh

30



=1

By B AR5 - AZS2UAE 1 oehs N T AL Y e

o

ENF TN (FIR P AP A T A PTd LG kY
¥_& source pad thi ¥ ) > ke ¢ % 3% ff F(Contact Pad)fs > » )=
Hik A 0 & ¥ 14 E-Gun 74845/ & cfd+ K (Ti/Au seed layer) » #
EH L TaRE o B SEY ACE#-RIED oot - A F I hin g

(RS T

(z)ICP 574 %] {42

gt - P R [CP ?,:Ff; BT SIC# 73 wWlAe
ALY g~ SF6 {02 F H » 35 & F MR 7 0 ke
SiC» # €% SiFx 2 CFxehit &4 > @ O2 ¥ M{op F 5> )=
CO £ Z_CO2, 97 F i 7 1L iF4F - 2 g F Pl m ™ "% » i

BA AR Pe g S P

wb}
\\?{y

ﬁ’(‘&f’?\ 7 ’ %{F)’ EIJ

31



Power (W) Etching rate
Recipe | SFK4:0,/ Pressure [ Pa |
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