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Abstract

Photonics-electronics convergence and integration (PECI) technology represents
a pivotal breakthrough in addressing the limitations of computing power,
communication speed, and energy consumption in the post-Moore era, holding
significant strategic value. By integrating the high bandwidth and low-loss transmission
of photons with the high-precision computing and storage capabilities of electrons, this
technology has demonstrated substantial potential across various fields, including
optical communication, defense, artificial intelligence, and intelligent perception.
However, it confronts multifaceted challenges related to material compatibility, multi-
dimensional tuning mechanisms of optical fields, design theories, and process platforms.

The global competition in this domain is intense. The United States, through
strategic initiatives such as DARPA's "Electronics Resurgence Initiative", has taken the
lead in photonic-electronic convergence innovation, with its industry, exemplified by
Intel, achieving remarkable results in high-speed SerDes and satellite-to-ground laser
communication. Europe has supported the development of the photonics industry
through the Horizon program, while Japan has made long-term investments in PECI
system technology, with NTT realizing a 1.2Tb/s coherent optical module. The global
process platform is characterized by a three-tier structure, comprising university
research platforms, national research and development centers, and leading enterprise-
built platforms.

China, although a latecomer in this field, has experienced rapid development and
has reached international advanced levels in some areas. The National Information
Optoelectronics Innovation Center has achieved industrialization of 100G-400G silicon
photonics transceiver chips. Tsinghua University has developed the photonic-electronic
convergence chip ACCEL, which has significantly improved energy efficiency. The
504th China Academy of space technology has realized 10Gbps satellite-to-ground
laser communication. However, China still faces challenges such as a fragmented

process platform, processing capabilities lagging behind international leading levels, a
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lack of core design software, insufficient packaging standards and large-scale
manufacturing capabilities, and the need to strengthen system-level applications.

In light of the above, this report proposes the following development suggestions:
at the chip level, focus on breaking through silicon-based mid-infrared photonic-
electronic integration, ultra-large-scale heterogeneous photonic-electronic integration
chips, multi-functional and multi-channel reconfigurable microwave photonic chips,
and photonic intelligent chips. At the system and application level, deploy integrated
sensing and computing technology for high-precision multi-dimensional perception
imaging, spatial laser backbone communication networking technology, microwave
photonic broadband intelligent precision guidance technology, ultra-large capacity and
ultra-low power optical communication chips and modules, multi-chiplet optical
computing/sensing system, co-packaged integration and high-speed chip-to-chip
optical I/O technology, and unified process platform technology for PECI. At the policy

"

and mechanism level, it is recommended to launch the " Major Research Plan for

Photonics-Electronics Convergence and Integration " under the National Natural
Science Foundation of China to strengthen systematic research on PECI, increase R&D
investment in core processes, improve the industrial ecosystem, establish a
standardization system, and promote integrated and coordinated development.

PECI technology is a strategic high ground in future information technology
competition. There is an urgent need for top-level design and resource integration at the
national level to break through the entire chain, build an independent and controllable
innovation ecosystem, achieve integrated breakthroughs in "light-electricity-

computation" and support comprehensive advancements in China's information

technology field.
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HLF 4. DARPA 2 H I« R4 2 — APl 5 48, s#ess 15 1238 7T
WEFCTH R, LA BB TS R TN ORI — R A
WEMEGAEIUE , ZRA RS ARE BTE AR SR F QTP R 37 77 V20T et

g
Fo

5. XEMARRATEMESNARIVK

iz

o't BB B BCZE T B AT P A BE A PR S HUTR A ELE R FL P R 5
PR T T -

ot FYR A B T SR OK BN 7E T8 J0 8L L 25 B AL 50 AR G o I 48 A o 5 2 i
JERIE K, ALHNEZ M 10Gbps PRigE IS 112Gbps H42 224Gbps. £ Gif L H
BESZWR TR LB, 0 = R A T N R AL, KB S R RI4E R, O
PR RGN R o JGIEAE WAL R BB, PN B 4 i 4 i ]
28 WO O RS 1 AR . O B N U3 BERIAE G F 45 MBI (Board Edge)
B M _E (OnBoard), MiTdf%E (Near Package Optics, NPO) [f]3LEt3 (Co-
Package Optics, CPO) & J&. MHATKBEIRE, EHIFEN FCREE. O
FL AL VR A B A0 B SRR A, LA BRI RGHR, (H)6 10 #H
FPETEAS b AN BRI T T SEAN i AR TR, TR B 7 B AR RS R
AR R B DRI D, e IR E AT R b RIS R G RUE A
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Al o RAUBE N IS 5T 10 B ERTEA W I 8 8 E 1t O as AT
MBI A E M RIS . RIS TS E B R, Kok S SRS B R EIE
7 LA NPO Jy =5 28 FH e

G ETH R, FEEEIOCHE TEMR. B 75 RS R, b
THEHARA B RO 2 N L8 G s 56 ) AR REFE A U F5 R I AT B 12—
S5EG R FIHERARML, JorEEOR AR EE ., & RThAE . mIFAT R
A, i BERRABEUS T KRR, 0 H ST RIE A R, R TERE R i 4
AR T AR, 18R GTHEIE AR K R A — TR A SE R . et S
BRI R ZE ISPk . BT IR T 6T I BRARF I HE LA S IRAA A, Bdfs
FEARK — B AL 2 R BB AE T H0 TARRE A4, S iAT 615, AR B e 2k
BT R T AE T, MRS R 2 RS SRR A S K
JAAEAE o 3K — B R HEOGO F R B AR I AR A DOAE AR OR . A, B AT
TR BN 2 A A R N SR AR 2SS MBS, ARAE 5 ARk
T EHOOUE ST K EE R R R G . NS — MRS, M LR
AR AR S — AR R TH L, RIS BRI R P & — i LRI i
ALFRF Bl b R BTG . TR R, TR AR AT RE 2 0 T, 1B
BIMIUZ T T 308 ' H O A8 LRI, ) O 2 v A B AR AT B F) TSR AR AL
B R RREBIFEFR K.

HeHZE 4% (Optical Neural Network, ONN) FIYGT- [0 8 4 AT JN3E 2% 5
I e LA S R R — R R . HEFRAT 4 e AT ASE TS5 8 )
HEFRATS5) ORI A 8- IR A RGURIRIF S . 76N T8 BB AT, 45
L AGSLI AR BEMLBE ANV 2 B2 5 DNN JEp B Ak i, Oka)
# K2 BRI T L o I IR L e S T DU SRS BB YRR
RIFEW, LRV U RENE I P G B M sE LR 5. H TR e T 7 L AR R
BARMK 2R, ONN IENFRDGTFEEDEF O rsiE, DLt NG, S
W ORI RV R R . 2017 48, SEERRG B T4 Bept g —Fh ik TR S
-GSO KBRS (MZD ARS8 ARG T8 FIR 2
S GmAR S PIE SRR RE . S B 56 AT gRFE MZI R 213 AMHES S ICRIBKT
J, Wil 1x4 PRI 28 GERL BR RTE oK R b o MZI G SHE T P S5
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YOG HIE, Y R SEI MZL JGIF R o6, Al B n g g e
BUEAERE. 2019 4, (EE PR R 4 Bk AR AR RN A 514 11
SR ZEE Fr, AT SRR B S S0 BER

O TR TS AN E R T A . N AR AP 2 e e R LR
PR, HATRARALEERE ). LI o BV RN | AP eh A BT, A L
AbFH 40 3P A RESE K. SUBOE T A BT S, S TS AR
M2 X 28 AL BT Ak PR , A0 Ak SR N — R il F AT IF BARTIAE A T
o DAL TR BN R DG 130 Fr 45 5 36 T 2 TR R 22 P 8 Kt b 2 2
G NI ARRARTIAE . mid. TEa v . KEHE RS AL EERE T (1 oCHE

6. JCHERRS S S RER A IR & RIVK

B 5GBS N L GEFIRBR AR JE, BTt il & SR 1A
RGNS EINE A, SRAGNAMEEMZHE, FELLTAANEE.
RS, SR RN HATR, ARRGENEDER, ARG S REEE
%30 AR B G RN R G R A R RE . RRALRIRE . Ik, T
JCHR SRR R ARG DR R TR AR R, L AL R G P AL
REEAE, W ARG A . B RO RS BER . B REC Al & A B =

oY

R BE G L Rl s B T SRS 5 1R B A SR FBCRE G, A% O AL 1 4331
N R e PR AT RS 5 BIERS B o IO IR AR Ry K S AT
SR B GIIY BOCES G 5, RIS R RE AT A6 AR IR G A
155 EAT m R IR A EROBOE FIRAUI T, 2018 4F, = KR E ZO H S5 = F.
Scotti 55 NF I BUBLHO L &8 A6 ANk, SKBL T 2-18 GHz JulE N AT B RIS
SR o BT FLAES BE B IR RO B A S 4TS 5 A8 3 1) S Sl ot 2k S
BE S, R DG E: BLAE S B F AN [F] (GBS 5 5l N EREERT, S0l
5 SEHLEL A 52 A5 1A 4R [ OB R R . (EBL 7T, 2018 4F, SEE MMMk
% B. L. Anderson %5 NI T OUAURANSE s RG24, SEBL T 81 JETE ) B AE I
WAL RS -

B Re RS BERR T S IGHIE 5 1 m R R AR g, V8 I By E R S B el

it
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A FRARAR IR SRR o B BOR 2 F T Rl A% %60 2 4145 B e B R R . 2019
4, HAEE S S5EET T P.T. Dat 25 NS T 2 FHEOR, SeBl 7= KK
5595 LTE-A 55 MR E. 4 R2HEENE R E 58, FEs
NIEFHFHKBEF . 2017 4, R. B. Priti 58 A JE T B AR WAL, @i #H 10
LI AR Z S T NXN J6IFRIES: [F4E, S, P. Wang 55 NJE T-HOA R
A, IR PO R AR R AT R, SEIUAR R E K AR U e, F
A IS Y 2l — D R M AR . a8 UG S EAR I FE T, o T B
FAAENLI TS5 E R AR RS, FE RO A A AR 7™ S AR AL BB o 7RG BN A0
SRR AR, T U AR 0 B D A ek S AR R R AL, OO
T4 S ASVE B Z B EE . 2013 4, NS KRS W K% R, Zhu S5 A
BT RMTUR B, ST 110 dB-HZ?? (R EEhATER; 2014 4, &K
BEARAEKR W, Li 5 NEETIRAR AT 2R Sagnac IR AOLBEBR R ML RS,
LY 121 dB-HZ*P B TE A BB TG B AR T 50dB 1 =B 28 i #0) o

e R A A B A T S B 9T G A AE S IR B, S EE AL BT
T 4B A R A I U R B TE BT 2 AN HAT 5 18 L0 58 7173
B PN SR A 5 (U, A O TE TS IE A A8 10 S e 5 R T 38 1 Aot +
TR A, ATDASEH R EAE A, JRAE LRI A b SR Be S IE T A
FAb, W TRAMEE A RIEIR G 5, R RO G 5 I —
ALFR o He A BB PR I /N T 2R 2 RS R 2 10 2 AR R A5 35 5 I B HICR 2K
¥, HFHEEEERE HEGES.

U4, TEG HL Rl A B BB R G IS UL T, G AR R AR 1) R R A
S PERE B Aot R LASEIL, 1 2013 4, F. Horst 25 AR I MZI 4544 5F
TEEA MZL FSINBIR OS2l T BAG P R 1x8 oy 2 g 38, ok
Z0IBE MZI 5 9ER 28 A0 25 & M9 27 TH Nyquist-DWDM JE 3%, 3E— 5010 eI 28
BRI 2019 4, D.J. Liu KA M S8, BRI 1 o &
140nm [F5E A MZI JHFE, Wl LE SRRl b S B HIARE NN ST R 41 K B FH
2017 4, D.Perez S8 A& T —FpBE TN MZI PR GALERE fr, AT SEER 20
ZRARFE IR, FCInPR RS . S\ A R RLJE A . AR SR I
o AR, B RIEEAMN LR GEHR SRR, FET 0 R R & 5
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B ARG HSLDL SIS T RYSEIN A, AR REAI S R N
RIEH
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. FRERIESAR
1. REECHEMES SRS ERXEETE

FFE 1 [ X S AR Y e T SR TR SR B “fE S
HTEAR” LI, AZMEUAREDE TR, ZUHLREROC TR, 2T
RELR D IR SR AR G SR 520 1 Bt . H AiE F R & SR AR 1) A e
B AT B MR T TR O L Z 50T 6 W SR T B
EWE SN EVA K E-SS % R

2. REILTZHEARLZRIVK

RE, REMARERLT Intels #2787 G, (B EZAHTT 243
R, EESAR EBER T BGEBRHIE I LG M L ZRE /. Mistriam
TEZRAKE, EEAF=RK:

(DETHETRESHRRAHT SRR TG . 2T 6 24K AU,
BNIEL) Oy 12 1270, 1817 EHRLSE, T 2RI, Hls L 2Zrk
FETEME R VERE . (BRF 2 RIEVEIR DS, DA R IR HA R, B L Z 555
gik, M HARE R A B . AR IS, 3. #TRE. B
AR EPREOREE . AL T REE . il R PRR S I 6 — i
T e g, EHECE BT A0 (&R 4M6ZD . ICP 1%, PECVD
TR Z 0B % . Horh, L ARBOL i 24T 30kV. 50kV. 100kV 25 L
PR, 22 e 1 i 7 LS T SORS A S S R o SR 65 B U B m) ek
SiN. IR SR BMA 6 TR %, H A4 R 2B A A0 s &
TR AAFRIH a1, A DERT G A% SING RO 3R & dnrbil
KL WHLRF). HEl, & FELZKFERBOR. LA DGR 5 A,
HARFEEH N 1-3dB/em, TERETHATEW KIEZI L2, 2 T 2%, |
FRERRE, KA THOLZITZ, i m eI, A seil 10-100nm <54
HHZERE 2%, (AR S 0D (100-1000 0K S A, FILES TR
~FELTTER R A E BRI E CRE A R WK A5 R e A 1), M
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DAL KU EE 1 R 75 3K

(2) ETHFRESHELSEERMANITES. HEFERAHE 2-5
076, (AR RMEE—RHL, FERBTFAOEZ] (BAEIHEZD . ICP T2
ZIi. PECVD RV O & o (B BIEATICA A L 1 I L2 AL,
WRLHMEE®R, B am, L2ReEit, N nbrRES &
RESELF, DUCAEIN LRe ) EARLL T 36— KA BON BRI, TR AR
EERIIHT BT 2 B B ISR - 2P & R BARRAHE : RIR AR RN,
B LR EGHL TRINGOK TS, WIREH TRE. SIN. RS M EHMA RO T4
JRA A 2 IR S o o FERFE B IR M AR BAR 5 9K 007 A2 B 78 B 4l Ko L7 5 4
S E 10000 m?, FAHIMEA K. ezl 20, WESARTIR . D3SO
TR BTEN. S ESELETZRE, BEMAB T80, Mlh RS,
TG TR R G R 7y, HP B ROCZIN IR m 2 RN 350 nm. H TR
JEZINLA 50KV, HHABEIIRAEDCR R ARG T2 SRS N R AL
BUCR A ARG, 1A ERANEARBIBA. 1500 m? 52565 & 18000
m? AR, B PRI YR (EBL). WAMEZINL. N8 % 25 %
%, H#% SOI. MR (LNOD. & AbkE (SiN) ZEZ R kLA RN T2
Be1, HM AR FIEANBR, #MEEAERDE L2, K EBL 4%,
B HIERN 100kV, RKEIHMAA 1 mmx I mm. fCRMENTEE S A: SO
BT ERMFIERST A 60 nm,  BRS SARMARAE Y 2 dB/em. AHEGIREE SN P #E
SRR, KT ZPERAT Ry e h], HASAT & .

(3) ET DUV AR SBEER P E . WG MR IMEC. #rinik
AMF %5840, T AL SHBR, ISR %, BASEEH4HIER T,
BFETCUR SR CAnif ] SommD &, B s AR P RB R 7. &
[X CUMEC. L THIEE. HAET, =ZBAATH2ME SUSIN 8 ~F & B k5%
BIRA 180nm N LREJ), CUMEC A4 130nm I TARkSS. bifg oS 2
ERDOETZ, A5 90nm SOI A/ LIE .25 180nm SiN LI 1.2, A& = bk
G, 2RSS BAME. TIN S@BMAENR . W28 B
LR T 2R, P CEE MDA VRS £ 1 1t TR =4
BIARRNEIR R, W WS FEMMLRIFERRER. TEENZ, & T60
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AR M/ G T RN o R AN A 1 5 7T, 0 T A e e
Bl IR R FHE L FEA RSN TR AR 4-6 M H, HMERUH 2
E RS SRR R IE U E. ik, HnTRE S R R R Tt

% 1. CUMEC. f{H-FHr. Lilg THBE T SR E IR,

CUMEC PG I e i TR
T2 180nm-Si 180nm-Si 90nm-Si
180nm-SiN 180nm-SiN 180nm-SiN
S (KA i
1.5 dB/cm 2.5 dB/cm 2 dB/cm
¥E
ENE T CERD i
1.0 dB/cm 1.5 dB/cm /
¥E
SiN S (%ED <0.1dB/em (JEJE 0.5dB/cm (JEJ¥ 0.15dB/cm (JEJE
e 800 nm) 250nm) 400nm)
BERETRIN AR FER <10nA @ -1V 100 nA @ -1V <30nA @ -1V
T B.P B, P B, P

BEAh, HERREBRELT- & T RN T &, H A& R )R R, AT
HFATA, MWL TS — T 0P P e R b [ J7 T, BF e AN _Bifg
WA XU AR AUE M A, SRR FI 5, R £ (200-900nm)
HIEMEL CHIE, B EEA) ERERE, TR

FEV AR BRI A O 0 R 5 T, WK, AR, IR K. SRR
WRE . RSB ARS ERRT . B K225 2 R I R A G 7T
AL, MESEIIMLYEE, PR TR T2, Ak, TR R
FEAEECE . PR RO AR, X AR AR B TS R RS . 1T
Vo S AT R A 85 Py IR IR T 2 OGRRAE T 2 i D I = 2

FEZ 7T, B HE SR ICP TikZlih. Wrim kot shilikest, Bl Ker
DL R IR 3 ANAL #R R R T 250 ICP ZIMU gl in TAsdE T2, I TR &
T R m, HE SRR A F) 0.1dB/em. {HHT4RRREE M BHA & 14k
RN, TUEZN k2 R R 20 i 75 20, IR R R 3 B — e I e

i

ERESEAST (Strategic Research) 17



Hif (60-70 ). REAERHIER LNOL 3 FH/ MNFIE R A 150 nm,  Hfs
B FAERAAE 0.5 dB/em, MIEEMA 4 50°-60° CRHERD B 70°-80° CREHERD) o
THHER S BORTE R T B IR ik (0 e B A 45 M A T2, R V2 8 el ) ot T
FHORTE, W7 SEHLEE R B A, HALRAFErTIL 0.04dB/em, (HIFAES
RIS BIRIE . SRR R T HT CMP IR ZIh T2, alil
VEMIEESE IS AR IR I 5, I SHUREIL 0.027dB/em, {EIBEMT AL A, PR 1ot
Jr AR B .

TEEITE =710, B A AR R AT AR 2 F 1 RO 2 o 2 AR m] AR e il
YEf/NRSE A 100nm (4EM . HRT, WT RS, il ks, RiEEED. MiE
B L FR A T G ¥R R . Ble, BTSN R
R FEEMIT R TR DUV ISR A filE T2, seil 4-6 ~F b A2
TFr s SRR S RN N 220nm A4, &S T ORHEEHIE R H2
JRLRPERR A L GO I T A 1 IR o

3. RERZESNALXRIK

T 5 T [ A5 S FH P ' R R R BRI 9 i AP M, ik 5 ) A A LG
A B MZERE, R R IR E AR UK e A, TEHR 4> RGuAR bR Lk 3 T E bR
JeikKSF: TERIBES HE T, B AR B B G0 O AE N ER ST
100G-400G F FIHEHAR T FAFCENCZ R P\ AGK U RL , FT % B 422 07 . 0
i) L T Tk R R S ' R o 2R B A SR AR T UL, R A
K 1.6Tb/s fk G HIELS T A0 1AT FEGAHTWCARGE F, AERE'S R 1) 2 285 P AR 45
O b, Z0CRETE AN MERCS; EER, EHEE T, 2019 4, ik 504
Frsc Bl 7 Sk - EHIBOGIE S, Rl EEE 10Gpbs, E{EEE 40000km;
FE 25 M P SO A5 D7 T, rh E R} 34 BT 2021 4 9 H 1R PSR B T 55 52 B
TFRE AR ER-HINEOGE G, G EEIE 2.5Gb/s BEE 67km, A EEIA
23kg: TE/K PRGBSI, PN, FEHLAT. BBOSHE R RP R,
W 7 LAERENLIFLE 1 i 55 5 L MBS A RS SR AU R T T S AR AT,
A DASEILE KB RK N s Bk NG E T, R 34 B
12023 5 6 HBL 7 MARZ iR E IS ANLRIKIEOGEE, @EEEN 1.25Gb/s
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TS B 5L 30km, #ifaf BN 15kg.

FESGTHR T, 78 E KA T BURBUR R T, JREDGTHR LR Fe 95 kil
i, WREPIERC T D18 “ Bk -HlE-FE b i B 5k GRS R L
BRI A #2078 7 ERAIR R, B — R DG TH AL B A S i 2250
TESeTHE A, RE S ETE T R E K FER S, AT HEHKE, BN R
ALY E B IR 2 T E AR OER, TR Hil4 . B5E 5T
CAIVRE FI R 5, IERAT T Z2306THE SR o 981, FREDG T4
IR AT AL TR B : (1) AR OB T BB 7L, 0 o0 384 2 AR IS IR
FRIE 93 58 BT VT, (ERTEE R LR . TRl S 3 A 45 4 1 LGV E [
PR T & BB, T SRR TR A R E MR, RITE
L S I B A 07 B . 12 355F 65nm (6 FB Rl A= 48 2 e ig 17, itk
i T2, & TERFE . O TEARIK. R 3K 2 1) 5 [ 4 AR
LEASAAEAE RN ZE R . (2) TETHELS 5T, [ 9 & LB NI T

R EM PR IT AT, BrEYERE. A, Joilt s T 2%y w5 E 4
AEE—E M ZE . (3 ELEVFEHRITTH, HA DS 8 &G &
WS XF AN RS - T C AP IR B AR FIE DG IS v 5 R G A I
KIIREST, HEFHERE N SRR TR T B F T BN, Bk T 2
T E BRI SS, B S ik F] 12.74T MACs/s/mm?, BHiRTH]
L 2] 1.19P MACs/s/mm?, 153 [E Prfx gk . EHERFRI T —3 4N ACCEL
GRS R, %O I RGRE SIMRER, Sellik B fg Tk % GPU 1)
3000 R A, AEALHT 4000000 &A% F2th 72T R KSR RAT OG- HE
P2, THE AR AL 1.38x10°TOPS, A H /1% EATIA 10'FLOPS/mm+, fig
EIHFELIN 10717 J/FLOP, A rfRHEE R 22 AL st IS H K 22 4E 0% 43 2 RO TH A
OGS T HAEIE 3x3 B 4x4 FHFESRIE, SRR TR, REREAR S .
JERREFEH T HBHHILE ML (CNN) 12 DR s H I A a - Bop s, &
PSS . 10£)/bit ZHBIRAERE. FIFFE T R, sl Wirg ks, &
AR K L T 22 L RROR 2 A 0T A ST ke 2 09 4% 1) 6 F 7 LA
TR BRI R AR SR, FFRE TR e A H N
WS 5 RGEACBOS, R A PR A W 5 4 BdE & 14 3 69Gbps,
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HeTFEARN] 40 75 5/25G EHOGTHES A H 4 102.4TOPS & 11, BB /NI
N4V
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1. REAR R
1. BRMESEWN

FE G L B AT B A A AN HOR ) R Bk | 3R DA AR 55 L

(D) FTHR—ARMA R RS, FIHEEE. T-VIR. AHL. RRESECHK
MBI T C AR, RIRITAGH BA R, IRIFUBT A RLER, ST AN FAF R R
Ve, FERBOE T SRS TERE, WA 3 o 5 M A A ok PR SRS A A AR I K
o )

(2) FTWAFRHAEEERR B, 1 17 2 4EAT RIS AT Y H R, M) OD 44
Bl—=R 7R 90K 2] 1D MR——RE T4 YVKE . 2D MBR—R 1P,
Ao, GEME] 3D MOB—E. ST AR, W AE. YRR, I
ARG HL R A I B

(3) FTRCASELEEERRF, MIEEE. fdlk. SR IR ML, 22 E) 55 2 4E
JEEM RS SHRM, AR LSRR 58, SEEd ey,
IR B

(4) T [0 ' FRL R 2 8 i 3 S P A R, JF RO i — IR 17 6,
AN T8 BE Bt FE TS i i 37 A UL e , 388 o BT AS e A7, A0 et e
M55 DO ARFE, $RmAAAE. KIS LB & HEIF . TSV SR G R MEAR
i B st Bt

(5) RROTEAMF S RB R BEIR, R 2RI K a&p. Jedk
ZLAb, T BRANEZPRBCSE IO M N . I R, 1 s B
GEURNE &, SIS A LT 77, Dy E e AR B SR SRR A
B

(6) FTREITAREIRM, B A BESE R — DIRER SRR E . $E s fr e el
LR AEAR DA S SR AR A0 s UK. AR SEThRERSR & HETT
K TIRER) Fr b R ST ARl

(7) REEYEH TAME EOE TRl G, AREFOL TRIEOR, DIsciliEm R
U RN S AL ERRE 7T, T A LRSS TR e R S EoR, SEELEOn o K
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PREAE B AL

2. ERSHRIESEINL
1) BEEEBEERSH

RIS 2 JUHE B, DS AR R A o B ZEE R 7E 1.3pum AT 1.550m,
FFARFERERE B . Rk N T L2 BOARAER S BT se Bl B ey - B
PAATTE % FE AR TT, A58 8] 10 R PO G 0K, Fek B8 P B FH 1 AR G
BB ) 2pum~8.3um PEBIAJE , X — IR BAE IR Fr vh o B B B4 8
Rl AE SR IR AR S U R A T RS G, BRI, KRR e T
B BGE  BORAE TR 24N Bt 755 N FH BN B AR AR ) B A

[FIy, RiWEAET 5 CMOS 2R HIERE ROGA RIS A (AT, 5 51
FEHT AR B CEAR I o AN, S0 AR SR FRERIIBAR ORI 5T, 3 A
TIUVAEZETTE: 55—, FEESERIES R Rt R S, B, SmER
A it v IR 28 =, IRIRCE ST SOV B9 o Jd I 1 s R o% 8 T
AR R, Rer PSR R 455, DCERE IR, SRTHRIN SR 12 %0
T B Y IS R, A THARAC IR 28 P 66 . — FURESE ROG AR R PRI 35 11 vk
R HH I SR, K SEIR BE TSRO ri R & LSO B 5 T0E IR G &R S IR
TS R 2T H o

2) JLHB SRR RS

K ARF S Ay BAENGAE [F]— Fh B bR A 28 BIIR]— it R R AR HE R 2% 25K
BOGCKSS Ay T8RS IR ALER 22 RhhRE— A4 DAL o 22 SRS AN | FL it £
JCHE G M. TS SRR R T B R wit. T2 S HEE R
GeNL R A B 2k AR AR AR 2 0 TR

(1) FEMBMERTTI, 2 PR 57 o0 75 58 A 75 2218 D) DR ) Ak 8 ]
A, PR RO AITORAME R . (2) fEOLRBE BT, REES
SEEOCHAE ISR AEAE, DS BRI, JT RN T A
Foo i, gEEROT . IEIBOHT SIS WO AR L TR, )
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Bt ik, sitEN LG, Fkmm ki Bt im & oot E, #E
TR AOL B T B AR GOIE T ZRE J5 1, 7258 70 FH AT CMOS
FE, FRE G AR RSOt R AR TRl S SRS il T2, BRI E
LS TEARHEAL BRI T, SRR E BTG R L EHAR TG, (4)
FEG FEL R £ 2R U T 3 T v P R AN L R AR A R BT 1 1 ) O K i
ST 90 A i B PR BE RS, IR AR 7 A L AR 't L 7 S R il B R
" ol e T ] RS i 3 ) o [T 20 P S K s AR MG TR A, S 5700 e — Ak s
Fri IR RARRAE, A RO H A T U Rl ety PR TR R DA S A
(5) OGRS SERMMN I, 7FEMHs 2B, S, DB, IRt
FOCH RS SERRREOR, SELE AR R DI FE R R BEAL & SRR A, TR
TG T EORKE BB RN KB AL, SEIUAE RO BRI RS
5G/B5G R4t~ TEREICTI 5. Ol Ha AT I o0 4 S5 A ) R IR FH

3) WEATFEH

B A G T BOR B TR SE i B 5 577 4 B4, b3 Bl
%0 e U AR U, SR RSE . ARTIAE . FEFIL LA R PRk ] 26 44 2 e AL,
IO T R G ST %8, R WBOE T 2L A 2T S AL 5 P A R DG s, 0k
AT — ARG B — R 2 . RR ST TEER AN LA T ik PR &
G055 N A O AR

(D FERME TR EZ OB, BotH . Wb ARIN 2 5 A A
BT RA PR OB, BB KRG EEERERR. HATE N B EHl&
IR 1A U #eH 9EAE 20GHzZ LAR, 17 [ PR /K- 2 =ik 40GHz, i,
FRATT L 2 L B0 S BERRMA R AN [ T E AR NN T & o B Lo FL 3
(K8 LR R S % ERUSE RIER. (2) EMPOETREFIL IR, B
T RGN DIEE H ai N, RGBT R B B BT A R R I,
] ST A 1D v 1 B B A — A DB AR R T o Stk R R B A Y o 0 o 2R T
DAL E I RG MRS € AN R, SR VEva B, DSl M A AR A Ty A
FEAE, JEARRINEZERIEITA . (3) WG T Of i th s, 2K
FER Tk B RRUET 288, DARHIER B PR R A 7 RO . Rk
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