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High-Power and Ultra-Wide Bandwidth Photonic Transmitter at W-band
(75-110GHz)

Student : Shin-Chiang Chen Advisor : Prof. Chyong-Hua Chen
Prof. Jin-Wei Shi

Display Institute
National Chiao Tung University

ABSTRACT

In this thesis, we demonstrated a novel near-ballistic uni-traveling-carrier
photodiode (NBUTC-PD) based broadband photonic transmitter, which consist of a
slot-line NBUTC-PD and a novel Quasi-Yagi radiator. Compared to our previously
demonstrated device, in this study, we use a slot-line transmitter and photodiode
instead of a fan-shape transition. Our newly photonic transmitter can achieve a much
wider optical-to-electrical (O-E) bandwidth ,even covering full W-band(75-110GHz) .
Furthermore, by inserting an additional band-pass filter in our novel radiator, we can
optimize its O-E response and modulation response independently. The modulation
bandwidth can thus be greatly improved to ~15GHz without sacrificing its O-E
bandwidth, which is more than 3 times wider than our previous design. As compared
to reported W-band photonic transmitter-mixer, the demonstrated device exhibits
extremely high modulation speed.
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Distance or Segment

Bl 17 1387 @ * cdg § @ & A8 G A e E B [2]

peb s v im kB (Filter) #07k & REE o do% I A 5
T AR A I A PR PR E R € RUpE o x T
ML RS R kLR M A R 3-dBAE kK

el SR R IR E RO R R S T i

WETER T B AR AR B RG  Fl R AL

w1

\pv

§ AR AR F AR 2 S B



BOL-1 SR TR o 2]

TABLE 1. Comparison of key system parameters for leading high data rate technologies.

Mb/s Wireless Technologies Gb/s Wireless Technologies
Parameter WiFi 4G Microwave 60 GHz 70/80 GHz  FSO Fiber Optics
Typical data Variable, Variable, To 400 Mb/s 1 Gb/s 1 Cb/s 1 Gby/s (to 1 Gb/s (to
rates 1-2 Mby/s 5-10 Mb/s (to 10 Gb/s 10 and 40 10 and 40
in the future) Gby/s in the Gb/s in the
future) future)
Typical distances 20m 3km 5 km 400 m 3 km 200m Unlimited
for carrier dass
performance
Spectrum Freely Spectrum Usually Wide Available Spectrum n/a
availability and ~ available for very scarce.  available for  variations worldwide, freely available
licensing unlicensed  Owned the area country by usually as as technology
use and fiercely  licensing country. a low-cost, not regulated

protected from country  Available for  rapidly

by select regulators unlicensed available light

incumbents use in the license

United States

Guaranteed No Usually Yes No Yes No Yes
interference
and regulatory
protection
Relative costof ~ Very low High Medium Low or Medium Low or High
ownership medium medium
License, instal,  Hours Years Weeks or Howrs or Hours or Hours or Years
and commission months days days days
time
Relative high Medium High High Low Low Medium Low
data rate system
complexity
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BRREN AN AAY C BEEFIH IR BPERFELL
g J (5] B g I8 A gk FEEINIFH I T L L F o
R RO FETC RS FRBRRBEY AR E N R
WA ko snd enfhay - £ R 4pih o £ 8 Ak T4 5§ & 100GHz & { %

R H LM SHF - RS B DFET o R ERRBIET iR

R R kR U S TS 0 SRS K E S et o A

R AL PAREA ) fede e 1% R B R GEALE A U R
L R[S] [6] - KA+ &5 BH 4 L RIFPfy N fodin o A
P R kP SO L PR e - AR R TEY 2 E
A F o FPLEY LAY 2 B RAS RS B ET A E

Flegi[6] o ¥ b ZEEFRKBPFELRER LTI T LMD

L& MAE AT R R T L F R G K BB 2 e - B
WEHZ LK 63 VRYOP T BHPFFERS iy iR in s
acl6] [7]> 7 Ad%s TF Y 2 H4 o A HRARIF TG H

&é’_?:? J‘jé_ﬁflj %E“'Lr—g E‘f‘);i}i%\ ’ ;\Z {,é[’;u /FI_Q lﬁ‘.;}’f U_. ;}_ % ,;r: g o _E'
Mowm KA R E[8]E B F L TIET i & BT E G nETE
R T 5 F A0 T o f ] P (BT 10um® ) > KR Bake o]

Mg R PR E L] o AR ALY C RER TS RSl
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A GNE N AR
% % oo %8 (High electron mobility transistors * HEMTs ) ~ £ & i w 3
=% & 4 (Heterojunction field effect transistors » HFETs) ~ & # & &

= #%&=4%% (High power photodiodes ) % 3% 4r )t $feng % &

Rt PR~ KX L Ao F (B 1-8) » ¥ il 7R

FALLR &M ERAABLE

BT R BT 0 R R

PR o H 'S 18 ﬁ%l % # Bl B ( Uni-traveling-

carrier photodiodes » UTC-PD) % ¢ 4z 3 5 Ak ke o i —4F
i A [51[6][10] » 2 #4 170GHz 1 3-dB #1 54c 13 um” 1

0] [11] o & $3tdopt F

>

b EAkgin (9 14mA) [1

—

=1

ﬁ,;f]»l ;E’?J\;“,"Ifrﬁi\n—i-lg J,ID BRI LR/ (TARE DE B
$3 T FEME R oA P LA 2 Ao

Bod hE e R
R R 3 E o TEEE S B RR

( Near-ballistic uni-traveling-carrier photodiode » NBUTC-PD ) #r it 43

SR BT T i - A B T RS R [12][13] 1Ty B 5

%]%F']‘mp_iﬁ_,l\:é] UTC-PD =

B L L -
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collector layer * » & 4p T i 4% I o § /B L2 iy L T HIRT o LS

% 28 ¥ 1 iE 7| overshoot drift velocity [12-14] o ko 3 % 0> gk

—=

oA Y A R R T S Bk E
% W-band » #&73 B4 fo i —3 §ehf M4 (2952mA-GHz ) -
Bip AT Y F ¢ 0 NP - BBkt o ¢ 70 MY AR
Sodt & Frfo- B 325 A (Slotline) BTy 8 45 B 5]
kigRIE REER I HRGHELAPTER L AP LT

MR i?f"@ﬁ]i FHRBRREF A grtieJIr F hdE i H
#¥7 @ NBUTC-PD f& 8 - f# 224 % <97 % (180GHz) 2 — i % 4%
FeR it —# H %k (37mA > 110GHz > 4070mA-GHz ) F i > ot %
255w g £ eh UTC-PD [10][ 11 ][ 15] (> ** 3000mA- GHz) - %t
* 7 NBUTC-PD f do 4t & 44 & enhIAT4 % ¥ [ F130H{ 40 & 2 i
AEFG e FGIRAFRIOR S FLLIL  &aRACT FH

RE BRI o

L 4' L 5
AIN Substrate o e fump

(a) B F4% H>cq Lt (HFETs)
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Source, drain
& gate contacts

Flip-chip bumps

(b)) 328 F+&#F7T H4 (HEMTs)

InP, n, 5x1016, 200nm

(c) %= =4

B 18 #F* Rtz gsFaid (a) B FHEd F%d Ll
(HFETs) (b) 3 # +®# %7 &4 (HEMTs) (c) k=

i
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81.3 £+ @ﬁ%lﬁfé'* B

N

Tk &R TE P R (Wireless local area networks » WLANs) # #%

PECZA AL FEZP Z O AR RARF o iﬂ“ﬁ’“ﬁﬁ‘&ié%
Bz % g ﬁih] # % (Low-transmission-power ) £ § i+ =ik & (High-bit

rate) 97 K p F R 4e o A2 F4F (Ultra-wide band » UWB ) Hjr et
4_Impulse radio (IR) v i = F it 7 Ko Ra > oa Az
BgyEedry 3 A UA 0 F1G A B EATR Y e R % F (Short
clectrical pulses) UEL &3 f ¥ WA €3¢ =~ B X ffl4e > i & By
FEAEAL P o (2 gt fE FEL T 1 %ﬁ“ B Lk BT AZE AT S Impulse
radio % 5Lz @ RKA4r SR > FE S N F LR E 0 k2B AL 5N Ak
ﬁﬁ%@ﬂ@ﬁa%&@?ﬂ%ﬁ%@ﬁ’%@ﬁ%%ﬂ%@%#?
R R B @ﬁ%li B 6 - #@ (Last mile) hig * ¥4 (F 1-2)

@;}% [18] ~ [19]+ m # 4k 3 42  4F @ i 2 ( Photonic UWB

communication links) @ S Z%FEE T 7o HFE P g 5 H 3 ¥
= 3 ]

P 1.5Gb/s o @ digu ks T oo B F e 4 mﬁ} LA

Fobo ¥ ARG E R IR P ¢ G 4 E i) e i
AP B 2L T An @ P HL E 0@ fRAELA
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Optical
MMW signal
DBR LASER Optical > 1 00km
(1547.9nm) Modulator
Optical
MMW Source

(1555.2nm)

Low- speed PD
Remote Signal Regeneration H
“and Upconversion!!

Data@1547.9nm

Bl 1-9 f3/4 L jEgEan g«
&%féﬁ%

AR SR

LA
R 9

TR ER RSB T TR

150 %ﬁﬂ%%*%ﬂ%%@
AR5

g

i Sk g
TR RigA 2T
BURAEE (Mixer) A% FF LB E R F
By s o Rfs A4 d R RFEH NI o
¥ - BRELBRPESTHh L B AR RFTF (Local
oscillator > LO) 17 2 F 3 jk RAF Benff fa4n2bd S g o F2t > 50
PR D RGN A PR RIBRarta R EARE £ & o
R R B AL LM R TR EIRAT R A Sk
Bom B AR S KA IR chAd G A - B ALGR R
P BARRR BT R AT R A I ERER D
FiFpbrfoR x gXTNZRFT

- {#

i jr?c s (Space charge screening




M

effect) A B R A E @ REGEIHF T - B X
¢o ¥ (Heterojunction phototransistor » HPT ) > HPT#2 /X % & e 3K
HE o B P ERolloff > Bar® X FHEARLEF L 4D

[21] = ~ &R 2 52?2 4] 8 (Electron absorption modulator » EAM )

&
E&\
&

e
e
Ef
w1
N
33

b ;E%é/?l E',{ivﬁ i 7 e g Nb r’:” ’ 1B 1——&85% Eﬁ;}ig_[_
AEEUETE LA FIRERERRAUTR Y Ad R PRA

i #E KRB R B 0 ¥ & A2 4 (Up-conversion ) F % 7 & *

&~

v L gp sk 2z < B (Semiconductor optical amplifier » SOA) * iF 5 /&

;lc:

d
!

2w~ 2R KGR R }%&;Lﬁﬁ_:}ﬂ en% §_Square’s law >
i @?J » ek 5% Ji%ﬁ%@] IR FenZh it o 2L KRR R A

PRAEER > 6§ 2 HhEA R

o

B 128 F Jogh o ST i laE B S Mﬁ]%%ﬁiﬁdﬁ?*ﬁ
BA LA ik oo B F g H S B B T A
%@%’¥ﬁ%%%¢*AV%’%ﬁﬁ%ﬂ?ﬂ%f#ﬁﬂ*ii
* % Htilﬁz.L-3V'1TF¢’;bfi)I‘ B’;&Pmﬁ%] R MEL
,T}u”ﬁ 2 BB (Active switching) 7 3 BLAUR AR 74 50 [22] 0 #7114 ,Tffﬁ"
YL % ek Ao AR B o gtk s x‘rfzﬁ;g_%fg\—:“ @@]Jﬁfﬁ/? AR Tl e 2=
ifué o BB pRBIEFTPIE AT ﬁﬁiﬂ“"x% RN & SR

B3 6 P B e - HEMT % & 13 ey 9195 5 [23]7 2 $7di o 9700 i fh



E;}ﬁjﬁ“ﬁﬁﬁﬁfé@ﬁ%ﬁmg;iﬁaﬁ%?T@%
BRBRIE BN LRAE B R ek Boohopt - K|ME G G AT
G Ak T AP TG H P BRI BRI AY R T R
Peh R E AR R L EY THHT I ESE R RN U2
e i R AT H T Bk R B AR T A B b o
TR RE DA R P L Rk BE T B

WHEEL A BL2Z il > W7 i & e 5p 2 BT WHRELT ang 2 S o
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81.4 %3 ¥ X MPEIFH it

Optical

Lens

CPW-SL /

Transition,

\

\ \
UTC-PD Transition Tapeizif;ot
Chip Substrate

B 1-10 * »¢ k= i 65 Babe L ) < SUn T [24]

B 1-11 #4% :R[25]

dOTE K UEAT o MRS E AP B BT E B AR R
oo PER L FR R B R ST 4o TR BEE R f )

FE TS gc:}f;@;ﬁ%] BRI SEN AV R R ]
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TR WA i 7 N EEAEE B (e P RAE R K

B R R E P Gy LR AT RS T

/T*w?i‘é}i*ﬁ”*’? P FEPZ A RARE SR @ HEBRE B Y
% 4 (Tapered slot antenna ) ( B] 1-10) ~ %4 % % (Lens antenna ) ( B]
1-11 )~ 5] = 4 (Array antenna )~ ~ * % 9 % 4 ( Yagi-Uda antenna )
™ 5 4 X5 (Hornantenna) ... % » 1T 4 wldif 2 o

BHES R R L pA NTIT o 70 @ e irie * o3 &
(B 1-10) [24] > d " bREN B A RAT KRR TH T AF R
E AR 0 h ATARER . AT L g g4% T o L) HAR
P A AT A E o FR A e AR RS E S RER
fg_fi o

BENAAEY B ENER AR FAAER T ALL L e

"

B ﬁ@-gf%?ﬁi@ﬁfiﬁ—i‘]%ﬁ—%ﬂﬁ?—g&’Frﬁ'ﬁ?é‘égf%ﬁéﬁiﬁ\
(Main beam) A 4 > @ Z Brg ;N B X RARIL 2 1% FIEFT fie o
By SRS s Al B & MRS IS SR U S X iR

GO B G AR A 0 FIRAPAEE Y SR
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Director {—

Driver |

Airbridge

Reflector
(metal block)

CPW

B 1-12 ~A=x9 X R[26]
EHA AP BHE AR BT g B R e - B B

BB THE MLMAENR A AT F AT R

%

LER VRS S B RNAES & ARV A R SR
A A A A EB o

ERIEE EEAE AN T S S U E R L
FEEH BT REAM IR ER e Bhopt - ks BRI A6
- EREIR PSR

ATy RETE TR AR ERESE L X M(E 1-13)
#EP L E (WR10) fE5 B E e o d 2084 2 sz & >
Ao REFEY CH - Th TR EE RS
STILRGE AER B A F e xR (B 1-12) [26]1F 5 R
FRE R AR A A0 XM G T LRE R AR

st RFELIFR LA R HFH
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Bl 1-13 5L & % &

BrsrFo AR REpw LA > 4t R director

=

vt TG

o

S

5% M2 HT 6 { 4o B¢ (Endfire) @ @# 5 + =
AR - A E TR PRERETE ) T A T Ao B RE P 4

director * ¥ R-T R EMEIEVAERF? Ao ETV R THEF

B it pER s 0 el s (2R
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81.5 B dodt & Hivs & BAR%

g P RS B E NN RLFBEHLIIIER RS TFASL
AedEEE ]~ R e s TO BT S B 2 AR > 1Y
WEMLAH B AR RZ BLIP I PL R G F A oq 2
FTRPTHE | SR § R B B 5 (Crosstalk) 35 % BcE (B
1-14) > e PP @ 2 MFF S ME DA S S AR IR
Pz 428 T4 5 R E P2 A2 o R fdE E BEAzRp
1969 # > d IBM & * % system/360 2. 4C ( Controlled collapse chip

connection ) (g% 4 HAFT 5 B oA IBM LR R A B i S A7

§

TERARE EE AR A i%aaid‘}iiﬂ‘g‘"')‘ﬁ BicT %
B b & FFE P A R KB FA A FEFRAR B 3R B T ﬁi;}ig * 5

CPU ~ o ¥ 304 o pb = Hjirengf B > 3 & £ A g4 fort i FF 0

ol
I
A
ETINS
X
AN
<
oF
<
(=i
=3

R FAS R RERFERF /O RS
VI E BHEN SCBAET AR 'ﬁ Prengh B~ MOB Ghe A~ §ETT A
%’7%};”}' %o % Sdks (B 1-15) - Fa -~ i+ Eagg {5 > TG 7P

T N R R L A LR (T B R e B £ e i

=
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Flip Chip Technology
For High Power Chip

B 1-15 1% LB chF st & HF
BRSPS BRI RS N BHE PRI RS R AT
PATAR T MRS F TS EAE R R A R L4 S B R R
47 B TR A i B e T o R R RS HE A IV
P A 5E ) 4% 48 % B (Integrated circuit » IC) ¢ <t 10 5 & (76 T3 A &
HERARAFWIFDT R a2 A7 BEERES - » FIICF 1Ak
COT R BE MR BB DRI DS T < R A TR

U3 I B I AL N

oy

e WS o BN gEE H ALY OA

(Bumping ) #2477 (Ball Mount) E # £ -K{'Airipig » d 507
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% ¢ 4 & (Interposer )~ # “ 4 (Under-fill ) & Ham2e > 1 4 vi 4k f

FREYUE L RIS AT R EH AR ES P K

AR

R oM AP A nE S FIR RS PNE - P LG o
L E T AR AT DO N AL TR A 2 B i
TELHET R FLAF 2B E AR T AT o d ik Y

BoooA kA PEY § 048 (AIN) A k] (54 d T 5 o

122 2N AE R o ik

Material Thermal conducivity [W/m.K]
GaN 160
Sapphire 35
SiC 400
Au 310
AIN 180
Solder bumps 50
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( Flip-chip bonding ) i » &
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8§2.1 B P-I-Nk{KpB1iERE
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TR Tk (B2-1) » 2 apch TRy - BE ¥ pnia
NZLRIFRERRE Y F 0 BERAP BB A RS F B
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BAPINERRIE > 5 b RBP P I P EREF K AR
Mo BBRT CZRFIFRETER 28V I FRAKES[27] -
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LB SP-LNE R B AR R T L eh— B E 4479 (28] -

P+ 1 N+

B 2-1 i % P-I-N % f& ] B 5 1 ]

B E 5100% otfut2 ¢ GAPLNERRIE g & 4L &£
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§2.2 H{'+ @ﬁf]%%&iﬁdﬁl % 78

B e P-I-NE iR Bex sk B £ 3K A e Bk > d 30 Ak

FREGEALTF TN DAL THOM GRFTH 2T
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Tk i }imﬁti

( as + ¢)8 carrier
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Hy+ i %?1 & ¥ i#) ® (Uni-traveling-carrier photodiode » UTC-PD )

...........
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Diffusion
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Charge Storage
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o
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Layer
p*inGaAs p* InP
e o Electric-Field-Suffered
TT—— Layer
\)./' n* InP
INAIGaAs Contact Layer
Dlﬂuslon Block i S
p* Contact Metal Graded * % 7

Bandgap Layer
Jap-Lay n* Contact Metal

Bl 2-4 175 H 4+ @ﬁ%%%ﬁiﬁdﬁié‘é + Bl

Collector Electric field
. layer |suffqred layer

— 500 I  D—
5 450 (kvicm)-—— ¢
S 400} 1
< I |
T 300} I !
L I I
= oo0 131 (KViem) - -:
= 1
3 100} iy ;
(11]

of '-—"'Fss lKWcm) .A L -

OD 01 02 03 04 05 06 07
Epi-layer Direction (pm)

Bl 2-5 R tefeae b 2 o0
B2-5% §1* MEDICIH-# e 88 Tt 2. ~ & 7 3B ¥ 2 I et
B T3 P I%A TH I3 B fcollector layer b (130KV/em~33
KV/ecm) » ® #%electric-field-suffered layer® 3 3% 4218 500KV/cm

2R R R RS
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£2-1 TG E T R RRIEL B &S

P—contact layer P type doping (Be)
(Graded bandgap In Ga,  As 0.1pum 5%10"
structure) (as high as possible)
o s P type
Diffusion block In, 5, Al 5Gay g As 0.02um . 18
doping=2*10
P type doping
Absorption layer In,,Ga,,, As 0.15um Top: 1*10"
Bottom: 2.5*10"
Graded band-gap | Ings5,4l,,Ga, 4, As(top) ~ N type
0.02pm )
layer In, 5, Al sGag; As(bottom) doping 2 *10'°
N type doping
Collector layer InP 0.28um Top: 2*10'
Bottom:3*10'
Graded band—ga In, ., Al ,;Ga,,As(top) ~
8ap fa2t 0TS 0.02pm Un—dope
layer In, , Al ;s As(bottom)
Electric field
In, Al As 0.09um | P type doping1*10"
suffer layer 052414048 [ ype dopig
N* type
N-—contact layer InP 0.5um doping>1*10"
(as high as possible)
Etching stop
In,,Ga,,,As, s P, 0.1um Un—dope
layer—2(back—side) 0.76 T%02415054 05 W P
Substrate InP Semi—insulate(S.I)
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§2.4 k=3 @ﬁealﬁ' KT RE

LR EXEER L T C O AR T 4
3 @EEARE RIL oA A P PEL LT B E S A 2 B

Bulfis o S f nf b Az Bl F BI04 A H BRRP S % 0

e
=)
4y
R
Moty
=
T,
—T
3tk

|
Ao

o AT EHR S BRrg 2R H < 0
AR FEERTSEAF RS MA LTI LT G E DR
T4o@) 2-6 #7m 0 T E[E T 2 s F kA Tz BMA o HP PR
A s #3 F (Transition ) > ¢ $84 H 4 il Jgt ¥ (Band-pass filter )

[ 384 ) & S Ji ik B - (Radio-frequency choke » RF choke ) o ¥ ¢ =
¢ WIBERA F 84~ WR-10 54 % St Eepedsc s > @ ¥ e 0
AR RTHE E S kiR B o LT R B S RIS W

F2-6 %5 @ % = T LW
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A
4

.
-

@}7%4@@%1@%%%@%@@

F AT A o o] 227 S o0 A Ed E ARG 1A
(Quasi-Yagi Uda antenna) 2 5@ (Slot-line) e & » d 3t pt =
NBUTC-PD £ 4k § B 230458 % K3 0 wc 7 & Ay dl it 4o &
Tm ot —#mEREE (CPW-to-SL transition) » 5 * i #hit » T
BN AT ARl A0 d A REFRRGNEHHE S B A KF
= Driver > B £ = Reflector» 4% 7 H 5 A &2 B {14 ’,T.%_%i R
RoeFie b A ES fﬁfﬁf&{ﬁﬁﬁ o d * Driver € 2 2 — % &=
RMiFsFE > m Bies i&{ﬁé—Aé_i e H T F &I AP w o dogt
b B (Field) 1 € A% Mgt 2 - @ 50 #3= 2B
Fitdd »7RE- A 3 B ﬁqﬁ&%ﬁ&?hﬁf & > FP A Jp i i HFSS
A2 RBOE A 2 fAREREZ B el 3 EAE o

N
ok
i

|l

B~ 15 o Driver ¢ 2 24 408 2-8 R i 0 BRI AL

MeomT™ F B (Open circuit) » fe A THE X T » g3k iwm 3



dré B o TURALP € 4ot Ed 2T & % & (Dipole antenna ) 3

THAG A THFERBDEE § A% ADe & o

Iot-line to WG transition
+

Quasi-Yagi antenna

-+

|t

2-8 TinbmBEC i

40 1 m slot-line

______ ta W Ay
{Series an open stub | T4
- O O
Matching network 1 7
O O

(a) (b)
B2-9 (a) ¥k BHAETFARE (b) F Lk BE TR
£ REZFHF L B (2304 ) 2K RIL - 4o®] 2-9 (a) #7
oo i AR I £ BARNA 0 @ d BRI
Mg B A | (Open stub) » H & 227 BB 2-9 (b) #77 o &
A, 4 77 e18_Guided wavelength » #] 5 %F SO (ELE SR N R 7]

_'.1

FTE O AR RRG R - o Bl AP TR MR RAR ) R AR

v

P WAL Y s (925GHz)» s A B R 5 F i ek

AR - B m R ER B E o E e F W gk Bl [T
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111 1 11 1 T - T - T - 11 1 l T -
75 80 8 90 95 100 105 110
Frequency (GHz)

F2-10 SR E o4 it B 4 40T 5 SRR &

i 5 = Rk T 5% (Optical-to-electrical frequency response ° O-E
response) L iHBAFBUMH o d 2 €% ¢ BAFMET ApF4E o

P AIARPE RS GRS HNL b AT RS P

234 EFE R B 210 %5 TT5 GREAEY (WR10) #

B0 TALARE, R ERIREY S PRI
AEE 0 TR AL ) S, [30-18dB 2 K B & B R 4 IS

230 g 18 2T 5 B4 1Sy | B 25-1.5dB F fis i % (1 2-10)
ToaggEe il pt Bl P REEF RERT Ko
B F (o 3va s fan BaR A 0 B4 LB 2-11 0 SHE i
R LR ORF T IRTE S S SPER R PR
RS E R E LT L LR § AN AT ISR

Bom A &L IF ‘;%31%1:'1 o ’%;%’ﬁvﬂﬁﬁvﬁﬁa{gln L X PR WA B
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B 2-11 B4 Ja n B 2 Wos o) 4R )

(A IR A R A R PR A F AR 4 o &

AR TR R RN P U £ LS e L
@%J‘ﬁ%ﬁ e
| m s
— o m B
B N o .
L= ]
B 2-12 £ %6k 8 Mk B e R ES 00T i
AT EANLF L Fr s T MERAn, (R

2-12) & TEmmrAR, (B 2-13) FR B Y s~ 4@k (Short
circuit) » o B] & & B E (Open circuit) o >t w &z g & L J&RpF > B

e b s BRI D F 20 TEBFRAERD G ERA o d K
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o_

% E © ‘o)

2

W 2-13 £ T 5 L Frmm AR NUERES E TR

PR Ja o B %%—fﬁiﬁ»ﬁﬂahﬁwﬁw%ugEﬁ??ﬁéwaﬁﬁ
BER O FEPERTIMERAL BEALMIERF ST R L E R
MATEL B i 0 A BAEPE L R AL R B s 4o~ 90 4p 1+

22

Motk d R g0 P BAERA BRI 0 gt R A e B AR e
ﬁﬁ%ﬁwg%@gwéiﬁaﬁimi’é@244w)?%
Section-A & — B EerAj;\ > ¥ B Hi- Buw A2 AL EBRAKE L
@wbiﬁéﬁﬁ%*%%ﬂﬁ’Wwwﬁﬁﬂ?fﬁ%ﬁﬁ°i
% Section-A # B A fLw Az jh £ BB E A @ M

R FRRF - BT E G B ek o
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Section-A

[mEmm—————————— 1 i 1
I s.c s vl I
i Pl ;
i ¥ 0,2, | 1 %% ||
Port-1 E E 1600,Z, E Port-2
1
! — ' +
i 0,.Z, 0,.Z, i i i
-------------- 1 1 [
_ i OpZp | i 60,2, i =
— ] —
i} S——— P P
T-junction i i Section-B
1
i___s_.c_.____:
(a)
Section - A Section- B T - junction

Bl 2-14 (a) Sl in B X228 (b) P B2 WARRES X
PR B R

- B AL AEERARK B A0 v ARRMEY 1S

- RB (Zero)> P 2 PR RZERALEE ST P F2Z FE 4

BF AR RSP fh U B WO g SO 2-20dB T o F R

RP-BERAEZZIRFERF WHEDY L RAE > TP Z

4v ~ Section-B > T4 * & B E Bkt (B 2-15) MR PR P e
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0 - *~——o - B
¥ reflected power

& -10- — EM simulation
Z ~o- ideal circuit
g -204 transmitted power
% 4
s -301
s .
5
e -40+
w -

-504

75 80 85 90 95 100 105 110
Frequency (GHz)

e

B 2-15 SH4E 6 n B o 5 B R

wzd B 2-14 (b) ¥ r2% 3 Section-A £7 Section-B ez 4 2_ & £
‘R A BE R AT - i Section-B 284 W HE 4 T AR
86GHz #% 2L ; 32 » Section-A B & %183 % # 103GHz 7% &t -

Case-I PEC Case-I1

Case-I11 Case-1V

2

Bl 2-16 Fx# 4L ¥ 7 & B
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-10
20
g
= 30 fw
m .~
St
S
= 40 |
§ 50 —— case-1
s ] —o— case-11
w60 —0— case-III
. --=- case-IV
) % S S S SO S—

75 80 85 90 95 100 105 110
Frequency (GHz)

B] 2-17 #c#fr > B $3t 6 ;fﬁfv/;l i%if&‘g

35 P& K3 THunction /A #-H M- &~ 52 2 R Ik @

fon

=

RETLFEF LR kR Beic (44 4) 8 51 4
FORAL R HY S 8 R R A PR w A (B 2-16)
- ERA B A SR 2 M (PEC) Fin- frz PIE_ LB 5 -

Lo B ARE oA FIRE S 2N G o RS HEREE AoR 2-17
o d BEF A SRR EE A RAPRE > F bk BT Ak
TP T e e b F R 0] o gt ek > R F] L Section-B R
e A 2o B e BUSiE T-junction R4 {8 B R B E_E
B A R RIEE G - e a2 R EELA B 7 F Section-A A
BOHEAA TS B A2 R ERA R R SR ITH R (S 2L M
A Jh i BAe@) 2-18 At o B Y CERA RS B FRARE 7 - RehR T
L5007 RS J8 R AR T e A RAARE G o B 18 HORIE 5 RS

5 hof] 2-19 4 0 d MR T EAEMS X AT E L E S F i



S-parameters (dB)

PR T koo gt ﬁgggsﬂﬁ@ o BHTE 2 A BT IR 4 2-2 0

Port-1

] 2-18 S fi 55 B = 4 )AL ]

0b—eo—o— o2
-10
20 Sy ~
30] Y /
_40)- Y2 \
-50- [S24] \
'60. L -o Practical circuit ¥
=70 — Ideal circuit
-80

75 80 85 90 95 100 105 110
Frequency (GHz)

Fl 2-19 S0 fi i BHCH % 3 15 2 BgR
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%\' 2-2 ‘&"J-J};F';]Ef’;ll !?,?7 :f- i?ﬂﬁ"

o

#

Section-A Section-B T-junction | T-junction

Zo Z,=80Q Z,=80Q Z=720Q Z,=115Q
g 6,=90° 6,= 90° 6.=6° 6,=62°
fc f,=103GHz | f,=86GHz | f,=92.5GHz | f,=92.5 GHz

e W AT B2 SPIE i B ik B TR L (L B kR A
TS TR(E220) 2 ¢ F ik BY @18 WARE 2 B i
TR P SRR T R E (e E) THREE

R fEx @ 180 4 IF A5 A i i o

—X_
L 4 —~— ——
R
W-band
bandpass filter
L
Port-2
? (Feed to transition)
N
—— X [——
Jr_ e
Port-1 W-band bandstop
(Connect to PD) RFﬁl‘frk ?
(RF choke) T
Port-3
(IF-port)

Bl 2-20 SHEJE R E 2 F Wk Bk 52 HoT LR
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v

O MEART IR R Sl A AR TR AT
Wi P BRI B 2 F AR (B 2-21 8 34 ) o
FRE G @RS B R (Wl 2-21 457 )0 d AR
BEF L Rt RAE T2 BT E ETG AR AFE AR

24
1&1@%&"\4"?%:@5&?gﬁ%]fﬁ'i‘f"%\°mﬁﬁ ew Pkt o e

o184 um TR S (LB 221); F 2 ke FEE
Rbdtt I X3 BHELd N FL GBI FATHT REA o F
Fiakdrs o HA R @ﬁﬂ—’ﬂ\— A FPH pEAS BT B o

>

Wodirrinis > {8 E B 67umt 30um 5 353 4% o

2

o e—— =184 ym

N
-1

#1221 £+ BWMEFLLRF 47 LH

N\

=67 pm




Connect to NBUTC-PD

/.
IF-port ‘
[P ...'-,.‘. ............
3-port
networks Waveguide
..................... Zw
+ =
IF-port p
50Q T

B {8 -k F ﬁig?]“‘;'%}_ W F &t o £ gt HFSS 22 ADS %t
AR @ SO RS BREOE TS TR ORER A PR
1o itk R 5 B (Optical-to-electrical frequency response © O-E
response ) ° ¥ ¢ 4F (Intermediate frequency > IF ) #f & B o £ 7 4F
FEBO R E T B AR 2-22 77 0 B FI LT B TR EAZ
B WHEET 4~ WR-10 51 & % UL F2f 2 0508 iy » 3T 3Baf 8

R R L KGR 2 P i R |Sa | B -
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RIE O S R R o 4ot TF RO E I f (Zy) 358 3 R
B Pl - 2t et F o x IF port #BFEFLE 3 2 50Q 0 iHH T4
FRIEFER * (0 GS A EFLT S 50Q 0 SHERS 0 B % 4cE 2-23
oo d AR B RV OO ET R RN T L N EERE W
B g KPR o

Optical-to-Electrical Reponse

St
™ -
T 0f
g
s -5F
(=W L
Z [
&--10_—
= -
e t | —— Simulation
N -15F
G i
g 20f
(=] L
Z
_25 .\ € "n1oam

75 80 8 90 95 100 105 110
Frequency (GHz)

B 2-23 %5 @4 E2 % LA F PRS-

eI IF #4F 5 B 2. ADS H8 & 5T Ba 4o B] 2-24 #5751 > d 3 [F
MWEJEIR - L rom @?J » 2. IF 5L Optical input = 5 » eh% 22| B
B PEFE PR o AT E R B RO R e~ - Rl ¥
PR B 0 Bl A A b gt B on TR (B2 ) e ik~ TF UL

el Bk s 20 RIFHEF IR R

e I y
S | TR 5 %Kf}:%

BHt 5 & 4o @] 2-25 #1o o
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N

Received Port

Optical input Tre(h) 3-port
+
' + R, + 8m networks Waveguide
Optical I/P c LVre(h) \J R, Zow
4T R

- = =  IF-port A

50Q ;
~_i__.i_o_ ie&s if_im\
f AIFiliIaAra 1 . I IFAIE< 1
walvuuidirLe 1 o924 1 TALYD
ST ST EEEE T LN g
W 2-24 Hi8% IF 47 5 2 ADS % % i 03

)

Modulation response (dB)
n =)

—
=
————r

Simulation
_15 [ N P TP U U U RS U S |
0 5 10 15
IF Frequency (GHz)

B 225 %+ W 2 IF 5 PR bR

)RS % T A IF 4 5 B RA0iE 10GHZ » &t 523tz %5 @

BEL BEA R T o § R A PO i B

iy

kDI A A 2 T D At IFAE X837 5 B 4 & 1 1GHz~ 14
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E AL AP EESEE Y

GHz
e
A1

B i#

R o R EET
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4
Y

;s
BRSFARFH A BT U

AP El - FAEEHO TEEE T BE LR TR XS B

\4

BLRFRIL A 30 RFRRF A AR Bl P 2 WAz iE

BT ARAFTEBAEREAB AT ERF TR B s Hiro

§3.1 i H {5 BagLigp T2 Wse

R PR EES T EATE ELCERRERY S A

=2 e

k¥ 4@ k% (Karl-Suss Aligner) » & Bz &R L@ 34
# 4% % %L (E-gun Evaporator ) 2 % 2 2 7 3 &

Evaporator & Thermal Evaporator) /1 & i R 2L * T 4 o4
L B § 4pTHf & 3t (Plasma Enhanced Chemical Vapor Deposition °

PECVD) &R &' & T jfi “8F it (BMRCVD) » &%

BOFE LRI A PRI R KA T B RAT R
% % (High Density Plasma Etching System » HDP ) % i& {7 5248 %] el

A2 A

[ #F5% 5



- o H P j-“’f%\mm%}?ﬁ’s’irﬁt#—*‘ i R OF.
feE o Hir Rk L&A 1% 5k (Acetone » ACE) ~ £ 5 f% (Isopropyl
alcohol » TPA) ~ 2 33 -k (De-ionized water » DI water ) *t 3 ¥ e
Fem bk LU F AR RS T A
[I. B+ 4 4% (P-Contact Metal) (] 3-2) :
HFIEALS T LERNBEL EHE HEF L 3 (Alignment
Key) » ¥ ivhsza %z edhk » #lagde™ @
A, #gapk e (Lift-off resist » LOR) 2 smig 7000 & > 3043
3% AR o
B, #3F F A l10°C a4+ » fit*E5h 48 o
C. #- %12 (Shipleyl818) 1L im#70004 » 30 /) 3 % i fuis
CL
D. #RE P ABSCeEi b > 2048 o
E. 1% Bk & B ME-319%58 ¥ % Fl3e g 2 ke of o
F. ordr e kg 104515 > 1% BE R MF-3198 §2224) > #* pF 42
A% BEe d R id ko
G. ¥ bk L § F%k4 (UV-Ozone Stripper) 2 AR o
Ho Zexg = Lrfp@p (HCL: HO=1:10) #3258 ¢ g

BT VIR NEE ST DR
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PRBIPEEFEZIT TRATRENZEY 2 uxrEL R

T4s /45 /4 / & (PA/Ti/Pt/Au) | (10nm/20nm/20nm/200nm )

FHEREHE > ERMEFE Y EE BMR CVD &7 38 Si,N,
AR ETA > AR S & 180nm -

& * & A (Acetone ) #-2L 2 & % £ B35 d g % (Lift-off)
2f o &2k R (R3-1) o

®* BER (MF-319) #3205 ¢ A4z Frip ke f2igE o
| —

1. Coatand prebake LOR 4. Develop resist and LOR. LOR develops
isotropically, creating a bi-layer reentrant
sidewall profile

——
/ {
|
2. Coat and prebake imaging resist 5. Deposit film. The reentrant profile

ensures discontinuous film deposition.

I [ | AN

3. Expose imaging resist 6. Lift-off bi-layer resist stack, leaving only
desired film.

B13-1 & BirdpT & B

Substrate (InP-Si)

B 3-2 Bi4s/% (a) Mask1 (b) = §8 4L B
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InP-J3 recipe ( % 3-1) i {7z

Z2_ Si,N, /\?H’;KIFFFBJ‘%}E » 1% 2 HDP:E #

2 % InP > 4 %% 3

<Xk E 4 4525nm e

B3 S T S0nm B4 % R (H3PO, @ HyO, - H,O=1: 1

20) W PR 4 ] 15-30) -
R o B ¥ L i w HDP > i% 4% SIN-50W 2 recipe (£3-1) M3z

BR8] g

#3-1 HDPiz 4

% InGaAs ¥ 2 §F A N'InP4 %] i&

< Ek & A AE60nm

%| 2_recipe

4 %| Si,N,

Ar | O, | CF, | SF, | H, | He | Work Pressure | RF Power
InP J3 510115 ] 0 |60/ 10 20.1 200
SIN-50W [ 25| 5| 0 [ 501 0 |10 100 50
BCB-50W | 0 [40| O | 10 | 0 | 10 100 50

Substrate (InP-Si)
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4% £ 4 (N-Contact Metal ) ( 8]3-4)
gl hFmesimz & (P-Contact Metal) A~H 1p e -
B. PH#2 PR 3 EHE AN (E-Gun) » R #4264/
iﬁ/ﬁ/ﬁ/ﬁ (Ni/Ge/Au/Ni/Au) | (5nm/17nm/30nm/20nm/
200nm ) >tIE oo

C. ™pm#2tea &% &H5D Fd> 0 (Lift-off) 2 Kf i

D. * Bk (MF-319) #3257 A2 dnip ko3 f2502 o
E. # * P-i& #:3 L (Rapid thermal anneal - RTA ) 400°C » 30sec

2_recipe P i MR NEFELEE L EWMP TG -
y 4

P-metal

P+ -InGaAsP
P-InAlGaAs
-InGaAs|

Substrate (InP-Si)

(a) (b)

B 3-4 &£ (a) Mask2 (b) = &8 RIALF)

L EBEAETEE (Mesa) (B 3-5)

A. 2 BMR CVD i 1800A 2 Si,N, /i B %% 124§ &

B. &.SiN,t % f  feShipleyl818 » 12 ‘m i 60004 » 304484
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ER BN

Rg P 85C 2 i o i 2h 4 -

TIr R A PMF-319%32 5 % Fliag 2 R d o
v ek 10 Fyts o I BERLRMF-319 BEEI224) 0 o
PF it Rad Bk e d ke g dk o

R P b 85 C L&kt s A 20 4 -

jo 22 5 i ~ HDP » £ # SIN-50W2_recipe ( % 3-1) 132 73z
8% 0 SN, EHAY RS E Y RERF A (ACE) #-kfE

FRTE o

=

PR E 0 HDP o £ #InP-J32 recipe ( £ 3-1) & {73z
5 > B3 NP K 215 R #iEy 0 3 asiN,

SiN-50W2_recipe ( %3-1) Miza %] > V&2 3 “,lrt o
y 4

P-metal
P+ -InGaAsP
P-InAlGaAs

P-InGaAs

Substrate (InP-Si)

(b)

B35 Ta~2T4% (a) Mask3 (b) = %8 BB
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VI. 44 & (Passivation) ® i* (1] 3-6)
A. 2 PECVD i #3000A 2 Si,N, i B 9%k 5 ~ i &=
2 BRI e
B. Al Fer e i ~t T4 % (Mesa) B~F #pf o

C. #E % ¥ » HDP{é £ # SIN-50W2_recipe ( % 3-1) & {7 iz 4

N+ InP

InGaAsP

Substrate (InP-Si)

(a) (b)

B 3-6 451 & (a) Mask4 (b) Rlé 7 & B
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VII. T3 i®i® (§3-7)

o ARLG AL TR RE Ay iR B R
TR ME R A Y- B TELRRR (Pad) FHEE
BLELEMGGAF P B EE N RT o L F R FHAESN, 5 R §
A - ATF o HEREI AR LT RE LD FEAR

BRAL o AR FLRT G ( Benzocyclobutene » BCB) % & # %

fren
&
A

@Iy it od 2 BCB 1/ ¢ % Bt SN, BER) > P HER
oED 4 e 0 RSLN, B R A e SN, B
#w BCB MMMty g > 280 Eg 3o

A RV IEGFFIRT G ( Benzocyclobutene ©» BCB) % &

o g S0004& 0 50§53 3 R E AT L oo

B. #-= % c» LPT RTA # % BCB -

C. A% BCBi{s f #3 5 i#i& BMRCVD {7 38 Si,N, /i
s o A S 5 180nm -

D. HSi,N, A FERCY %G5k AZ-4620 0 12 g 6000 i o

E. #3257 % 2100 e df - o 0524 48
F. 1% kg2 T MP-319%58 0 % Blsa g 2 ke d 3 o

G. v ¥ eh kg k40415 0 F1* BB AZ-30088 B165F) 0 ot pE
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FERBEed kg g ko
H #2f 2224 100°C e b s @450 48 o
[. 33 % % HDP £ & %] SiN, & " g £ # BCB-50W z

recipe (% 3-1)> §z4 % BCB T & % & % 11 % - BCB 4

J. # BCB R & 4ichrledis Ly %ram (ACE)

sk [0 4R o

SisN4 -meta
N+ InP
InGaAsP

Substrate (InP-Si)

(a) (b)

B 3-7 T v+ (a) Mask5 (b) ®lé 7 & B

VIII. £%% % (Pad) #ir (B 3-8):
?i%i?‘ﬁ%bt’ 1% £ 4 (P-Contact Metal)) A~H 4p &
B. B #sgH i F 1 A4 (BE-Gun) » B %828 T4

/48/485/ % (Ti/AUTI/Au) ; (50nm/1900nm/30nm/200nm )
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C. *[Fm#ta&® &had i b (Liftoff) 2% » &
B OR-R IR fRECE

D. @ % B8 (MF-319)#28 & ¢ A 42 Jidi sk fe 3

InGaAsP

Substrate (InP-Si)

(b)

(c)

Bl 3-8 £/# ¥ (a) Mask6 (b) B& 7 LB (c) = 548
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IX.

WA ERE MG &N (F3-9):

AR FIE RREFEFL TS0 T Y RRE A

kG BIE R TR R E AR AN B PedeT

A.

B.

HE R A B RARRE LT o
A %) 12 A1 51000 ~ 2400 ~ 4000 5F) A #3588 F7 B % 130um - o
#-fic a2k 12 (Lift-off resist » LOR) e & 10004 > 10%) 5
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Active region of NBUTC-PD
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