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Abstract In this paper, a low-loss electrode is designed and optimized based on a PIN photodetector with
a micro-pore and slot structure. This method not only provides an effective solution for the experimental

preparation of low-loss electrodes, but also further improves the 3 dB bandwidth of the photodetector.
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Firstly, by optimizing the electrode substrate and thickness, introducing insulation layer, adding metal
material and adding rectangular groove structure in the substrate, a new type of low-loss photodetector e-
lectrode is designed, and its transmission loss is reduced to -1. 15 dB. Then, the new electrode and the e-
quivalent circuit of the PIN photodetector are designed and optimized. The results show that the 3 dB
bandwidth of the photodetector is improved by nearly 32% compared with the non-use of the new elec-
trode. The new electrode can be used as a reference for improving the performance of optical detectors
with different structures and different bands.

Key words photodetector; low-loss electrode; joint optimization; 3 dB bandwidth; transmission loss
0 5l

Bl B N TR B ELIR P00 7 A5 AR AT v 3 5 J At v 0 i SRS AR A L A R AR AN R
oA T TR, SRR E LA B AL BT P RE R | O MR SRR AR L R R R TR R
A AN —E) 2 SRR E G (5 RGO O R T A R AR T2 AR
PR 2 T o (A S TR LRI, X GR84S TR P R A A i R R
SEHRI ARS8 Fi W 205 ¥ B L2 2 S A, 2 B M AR 1 e e e DRI AR AT LA s — A IR

N T BT ARG AP BE 75 BN HAR T — SR BTG B A FLARHRE A s AR L R 25 e A 4 353
T R AR TR 5 A Y VR B R BT IR 4 SR AR S B A SR dE 5 BT LAAS 3 AR 4 A% i 0 FE
Sy FIRHEBRST Zo o Sor RORMERBFE AL BFE 515 5 R ALRCRA G CR 1 i AZRHIFE N 0 dB. 1@
TSy BAE—3 dB LA ISRAMIES S &5 B, S, MUET 0 dB B, 7E TR bR R 50 QR
S 2R MRFAE BT, PR 50 Q J& 3L THRFE . D 25 i Al 2 o R 25 B % SR M IR AR P A (17

HTE X R &5 5 AR ZE A T 7 N 3B DUR LR e ELA5 R P 25 L S A5 R T
PRZER LA BIR A S LRSI A S AR, e il 450 T30 F R E T ARy
a1 7% 3 o PRI AT LA S 300 8 28808 D MR SR A8 - W 4R ) T 5 B i 1 ORI R s o 7 L 2 i 3 T 205 2% g
ABE VTSR R AR IR I 8 A AR AR [ — P T b, DY a2 TR A AR DR R R L 5 T
i3 o (M AR B, TT R R EBUE TR BN . B S AS MR DG SR 05 | 5 2 40 DI, B2 75 D' I
WSCBRA 23 301 it v R 80 25 AR ey R FBE P T 1) s AL AR T AR o X B R AR A v . 3R T A B AR S A ) 4
R G K 8 K 1 R SR ORI ey B, 37, i m PRI A R B, - LR AR o TR B N AT L 3 i v DGR D A5 %, fH
SR AT B M PUOK TSR AR . IR G AR R LRSS H9 45 G L DA I 28 PR B, DRI 7T D2 &
ZFP AR R SRR PR REARE T 10 3 (R BT R 3 52 2k v AR B R o AR SC TIP3 1 O
PRI 5 HAR 28 A e i . — PP L T % F: (Coplanar waveguide, CPW) B 38 1 5 FR 032455 40 15 5]
CPW I [RIEARAE (S 1) SAEHFE S,y i X SESH0T IR CPW 28R LA S HUR AR R 2 5 3|
BT EAT B BARAR Y 5 — R R A S AR 25 # 15 B2 HESS(High Frequency Structure Simulator)
i SO0 il A RIFE R T —3 dBURHIEBESTAE 50 Q 2247, #25 # ADS(Advanced Design Sys-
tem) HXE AR 5 5 A L A T T S AR Y L O T R AR T AR A IR N ZR M RE O AL P AV AR
PSR IT 58 07 12 AT ST LB I 20 B AR R H AR OGS S HR I 45 i 8 1 B 1) 2 i

IR BN LR A 7R 4R )R S RHRR Z RN — € 8 EE R R JF 3R T4 (Benzocyclobutene , BCB) 45 2% )2 .
WA 54 )2 5442 Z BN T 8K (Titanium, TO &8 )2 , USRS ARE M . S 0 7F ik 451
INAFE A S5 K A2 — 20 DALY Sy o HRUON S IIE L 4 CAw) HUBIEE BE A 1 3R 4% 22 0 AU H Al i A 7
AT B AR BIVERE ALY So0 5 Zo . &5 BULAEF 0 B S I 25 5580 B EA TR O B 1o Tt
TOLHM &Y 3 dB A58 .

1 IRET BT
T HE—ARTE I A8 108 RV I T XEGHRI B8 0 BRI 0 T DAL T DA



%1 fifa, 55  BAT BT AU BIAE FE AR PIN LI &5 19 k52 25

AN AR AT BRI, B LA (InP) & —Ff TV el S ib L, B 0 R % s B B R F e f A A
HRE (AR E S A TS & s i ARG AR SR E
WH H InP BPEWE A sy sG55 I, AR SCE i i it —
FEPWER T InP E BRI, BARSME A 1 R, Hrp
=528 (Signal line) 5#2% (Ground line) #4) s 1 S CPW HL )%,
B GSG(Ground-Signal-Ground) K LM . & & 110 T #844 B IR f158
TR IR BT . BeAL  HIZR A FE R R 80 um. 17 54k 1Y 58 )
A 70 pm, BARAYE 2y R 250 pm, BE A, A 300 ums,

El 2 A BB AR A MR s A iR B0 Au 2T 2 4i % <|3
JZ (Insulating layer) \InP #}J8 2. ¢, B Au BEE ¢, A Ti Z)E !
FE oty WAGRRRE (o ARNIRIZ IR, ik W oA fF 54 5Lz
[ B RS (W 9E) . d AR SR IEEE, IF % I8 S50 FH GSG MR W] B
9 150 pm, W 5 d T8 R (W+d /2)<<150 pm, — Ay B 33
HOE E A 4225 T2 AR 1R s AR B A S s w
H iR AR ERIES InP BZRNINA T 442 BCB, I AT °
Ti JZ2 AT &8 5422 2 M HIKEHE 1 SR e e E e

2 HBRATHIIE L

2.1  HLEEDG YLEKF HFSS 4T 4

TERFE T OCHR I 8 FhL A 3 28 30 43 A B B 8 i s R S g -
JE FRATH R L B0 ELARPE TIFSS % H A 47 2545 20, HIFSS H2 HERRKURLE
LM Ansoft A FIIF K M4 = A Bism i Bk, > = Fig 2 Side view of the new electrode
A B 50T . B RS FRITAM T (Finite Element Method. FEM) Jy TR IT$2 T — 3 i
B TR BRI M HT B T4, N T B . o T S 2 g 2

HFSS 5 58K A0 B0 5 2% 1 = 4 o 5635 100 350 R A8 3 FTST0) b 4 0 1 5 4 o 1 P 0 S R
FEVE, LSRR TR Rl BN = s R R T T AR L B B R B9 K g L HESS
AW, 5 AT RE LATE I8 TR A B 5 A0 i M T R B4 s i e )y R
35T N Z G B v B T 2 2R i DTRG0 04 % T R A T A v T/ T L
Bk TH,
2.2 JCERES R R S 3
2.2.1 RIEM B RN L, B E HESS sy — A TR SCHE IR LLBOK o [ 2 0. 3525 15
A RERLPE B I S AR InP 542 J8 2 AR Au, $RJ5 76 InP 4 [ i
A 4L ERL B L T 2o A AR5 A T L B S (PR 3 (a4
RS TN 3 TR
2.2.2 ARFMHLmapRE, FRITTEMEBEREER)E . BT HESS 2R L

S

Ground line Signal line Ground line

B 1 #FHEERAFRE
Fig. 1 Top view of the new electrode

G

Insulating layer

SRR Ay TE BRI 5 5y P o AL 0 — o ) 2 P 4 9 35
RIS 25 25 2 54 T (Air bow) » Hit T £ P55 S 5 3T (Radia-
tion) P 4l N ACO I, Sk T IE TR0 SRR 0 FE SRk 6500 L 46 I R
LB 0 A T B RSB M B S TN TAEDE KA 1/4.,

VL 1 AR T S B R R U PSR S B
SCRE S, )RR H RSO s — S 3 TR (Wave Port)
S —A~ A B U (Lumped Port) . I ¥ 3806l 1 B 0 55 v AR 455 46 0 g
TR A I o 5 05 R A S 2R, T 4 (o) Fhvsesss S AN 7 i 5 0 A0 15 41

3 BEREHTEE
Fig. 3 Schematic diagram of

the electrode structure



26 SRR 27241 CF AR B2 RO

AR . G RS E AR S 5 S R 8] AT 4 (b) i AR S HURN AME PR 2 T05
FRR N R et 52 1k

AN

e L&
NS

Air box

4 (a) MAZESEFERIRREN; (b) REFHMEHEREN

Fig. 4 (a) Electrode structure after adding air box; (b) Electrode structure after setting excitations
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Fig. 5 (a) Transmission loss of electrodes with different thickness substrates; (b) Characteristic impedance

of electrodes with differentthickness substrates
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Fig. 6 (a) Influence of electrode thickness on electrode transmission loss; (b) Influence of electrode thickness

on characteristic Impedance of electrode
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Fig. 7 (a) Transmission loss of polyethylene electrode with different thickness; (b) Characteristic impedance

of polyethylene electrode with different thickness
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Fig. 8 (a) Transmission loss of electrodes with different thickness of benzocyclobutene; (b) Characteristic impedance
of electrodes with different thickness of benzocyclobutene
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Fig. 9 (a) Transmission loss of electrodes under different thicknesses of silica; (b) Characteristic impedance

of electrodes with different thicknesses of silica
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Fig. 10 (a) Transmission loss of polyimide electrode with different thickness; (b) Characteristic impedance

of polyimide electrodewith different thickness
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Fig. 11 (a) Transmission loss of electrodes under different insulating layer materials; (b) Characteristic impedance

of electrode under differentinsulating layer materials
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Fig. 12 (a) Transmission loss of electrode under Ti layer of different thickness; (b) Characteristic impedance

of electrode under Ti layer of different thickness
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Fig. 13 (a) Electrode with rectangular groove structures; (b) Side view of the rectangular groove structure; (c) Electrode

with rectangular groove structure after adding air box;(d) Electrode with rectangular groove structure after setting excitations
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Fig. 16 RF small-signal equivalent circuit model for photodiodes Fig. 17 Carrier transition time limited

bandwidth fitted by ADS
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Fig. 18 Photodetector-electrode co-simulation circuit model
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