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Laser array system for optical vector—matrix multiplier

Lu Yangyang, Zhou Ping, Zhu Weiwei, Zhang Lei, Yang Lin
(State Key Laboratory of Integrated Optoelectronics, Institute of Semiconductor, Chinese Academy of Sciences, Beijing 100080, China)

Abstract: Laser array with the scale of 1x16 for optical vector—matrix multiplier as long as its driven
circuit was designed and implemented. A 1x16 laser array was constructed by coupling 16 commercial
discrete distributed feedback (DFB) lasers with a 1x16 fiber array. Calibrating module adopting feedback
algorithm was equipped with the laser array driven circuit, successfully solving problems encountered due
to differences of threshold current and P—1I conversion efficiency among lasers of the same type. And the
same mapping relationship was acquired between the input vector and output intensity power among
different channels of the source array. The proposed light source array system together with its driven
circuit not only reduces cost, but also possesses excellent high—frequency response,ensuring the stability
and accuracy of the optical vector matrix multiplier’s computing performance.
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Fig.1 Schematic of vector—matrix multiplier based on

free space optics
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Fig.2 Photography of the prototype of the optical digital

signal processing system
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Tab.1 Key parameter list of each laser used in

the 16—channel source system

Index Threshold current/mA  Slope efficiency/mW - mA™
CHI1 10.4 0.379
CH2 6.8 0.398
CH3 10.2 0.374
CH4 9.2 0.376
CH5 10.4 0.366
CHo6 8.6 0.371
CH7 9.8 0.375
CH8 7.6 0.380
CHO9 7.4 0.362
CHI10 8.3 0.382
CHI11 8.8 0.368
CHI12 10.6 0.374
CH13 9.6 0.381
CH14 10.4 0.367
CHI5 8.2 0.384
CHI6 9.4 0.372
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Fig.3 Relationship between the input vector and the output

power of the uncalibrated laser
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Fig.4 Block diagram of self—calibrated laser array system
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Fig.5 Diagram of the light source system



%14

PREFAF ATAFAZER R LEWARET 2% 137

BT LAY, B ARG N bR E RS IE S
Hoa B AR B e A BEME T JE , R B A4
TEOXF I T A 7 S G 918 E R kg B by BARE IR
wmr.

() AT 3E & —B&AFE AL Ui, 40 CH1,FPGA
] DA % 3 45 43 0 % A P34 B0 0] 3 Dy Fi Dy 3K
SO 7 A A R DG BR (UG IR A R ) e A B ofe
12 4 v s 1) R 1 4% 1Y % 0T R Oy IR )

(2) ¥ Ot b 0 g 00 A5 B O AR RS B A
o 5 BH BICOR A5 45 21 S RO o i R DL HR T, K iz R
{574 AD & F 5 40 U8CT & 153 B R ECT i Py A
Py fFEETEN AR

(3) ARG MUK AT IT H B il 0% #% CH[nl(n=2,
+,16) ,FPGA [1] DA %% e 4 73 51 %y A W 4> AH 5] 7
Bor )4 Doy A Dy A5 BEOG A% 77 A2 T A G 9 i (i
PR 42 1 1) A R B fe ik g v A DG A R A 5 T R
SR o SR E OGPy P, 3 K Py P
AL B — A5 0 Py R P, 5022 18 L%, MR 4 L
B S5 R A 1) & Dy R Dy AT, B
EFRAFIP=Pl<e (JLH e yBLE M B ,i=1,2)id
KR YT A & D, D M B O R A
B3 kg by

kyyD+b,=D',,
kpyD1o+b =D’ 5

(4) R ARG AIG B br E 2 800
HAFEL TSRS, LN REHKIE. HiLE
RO EN A B, AT DU R — 8% 0 A )
VLG IEREBUE BN V' =k V+b 15 BR B T
s 2 BN — B AR R ) 3R 22 AE JE 2 (A Y AR
— B RERER AR WA 6 PR, o TR R T
JEVBCE B 22 BRI AT, b T DA B4 48 00 BE A
JETTHEAFENEEN , B IAE R 7 i B B b B T
P4~ Hr &5 B Flagl 1 Flag2.,

REGHE T EIRKRIESR T Z )G, X
TEWOG A A T O R R o AR SR A 48 T T
PEATIEIE o SR HIIZARE B, %) SO 55 — 38 0 BT e £ 19 8
FEVOG A SEAT I, AT LATR BB R Z 5 B EOE 4
Hh O sER A ] Ep Z G R K 7 FR  FE 3 EL T
P, FRATT T LA H % A ] 1) A K807 1) i, 36
Z 18] DG 1 e K 22 2.5 mW [ 2] 1 0.25 mW , i

(4)

TEE) L B S T 10 A5 O HEE e e T A
D) Fr o 19 28 Gt 4z SRS 20 0 2 B 5] 08 3 [A] —
BMERY R, G UE W] 1 b A R IE A R A 1 A
BNE

Open CH1 and input
vector D,,,D,,

Store light intensity
in the variable P,,, P,,

¥
Set two flag variable
Flag2,Flag2 zero
Dnl=D1|‘Dw2=D12
Open CHn

1
| InputvectorD, |
T

)
Store light intensity
inthe P,

Yes Pnl_Pll>8 No

Flagl&
Yes Flag2=0?
D.— Flagl&
Flagl++ Flag2=0?
Initialize Flagl,Flag2 D, ++
zero and store D, Flag2++
Te
)

[ TInputvectorD,, |

!

| Store light intensity

Pnl_Pll<8 Yes

Yes

inthe P,

Yes Pnl_Pll>8 No

Flagl& No

Yes Flag2=0?
Flagl&
D,— g Yes
Flagl++ Flag2=0?
k=(D,,~D,,)/(D1;=D,,) D, ++
B[n]=(Dnl_k[n]Dl]) Flag2++
¥

Pnl'Pn<5 Yes

n=16?

Yes

[Calibration completion|

6 A GE eIk i A 1K

Fig.6 System calibration flowchart

13F
aCH16
12F x CH8
E & + CHI10
5 ul «CHI2
z / o CH6
A e  CH4
ERR P=2.5mw "CHI4
5 o CH2

S 9t

120 200 280
Vector data
P 7 R IE Jm O A% I A 1) R = O i R 5C A
Fig.7 Relationship between the input vector and the output

power of the calibrated laser



138 ik T2

% 43 %

4 LIwERIIUE

T UE B SCHR BT ki 16 G 3 0% 6 TR B 5
UK 8l 7 Gt LA e BT U v i G E A B 65 T O 2 — 1)
S PR AR B A SE N IS B RS B K, X RTE &R
Gt TR, BT EERNEOLHE AL N
PERE, T LA TE 5250 3k A ol s 1] 2 8 ) 28 1 %5 0T
RE AR BRE N 100%, I 1 /e % @ W3k 2 firs 1Y)
I3 A A G A AU S — SR 33 1 R X R
MR 5, 2 2 Ry A X B A ) i3 51— ),
FPGA 1t 25 MHz f # 3 T 9K gy % 3 B 06 & 4 A
2 RS, BB O R 3 WOL 8% kR P,
R 1 SRR WO R i R OGPy, 38 5 I A D
BHLECK #5 om iof th s HE, TAS Bl 2l e : RS &
Tz B2 05 bR R Y o s AR AR E Y
A 28 08 W 1 G A5 R BOE (B 8 iR AT LA L B
S L IR B AR T M, 45 T 5 R R
TR HEAT 43 A, AT LAUE B B 8 38 28 % N AH [ 1
N )R A A AR O R TR O B R A5 R X

R2 BTN AR

Tab.2 Test patterns of laser array vectors

Cycle 1 23456 78 910111213 14151617

CHI1 o111111110111T1T1T1:1

CH2 oo011111111011T1T1T1]1

CH3 o0o0111111110111T1]71

CH4 o0001111111101T1T1]1

CH5 0O000011111o011O01T1]1

CHo6 O000O0O0O1T1T1T1TT1O01T1O0T1]1

CH7 0O0000O0OO0OT1TT1T1TT1T1TO0T1T1O0]1

CHS8 oo0oo0000O0OO0O111T1T1O01T1O0

CH9 O0000O0OO0OO0OT1T1TT1T1TT1T1TO0T11

CH10 0O0000O0OO0OO0OO0OTI1T1T1T1T1T1O0°1

CH11 0O0000O0O0OO0OO0OO0OO0OTI1T1T1T1T1FO0

CHI12 0O0000O0OO0OO0ODO0OO0ODO0OO0OTITITI1TI]1

CH13 0O000O0O0OO0OO0OO0OO0ODOOOTITI1>lITI]1

CH14 0O000O0O0O0OO0OO0OO0OO0OOO0OO0OTI1TI1I1

CHI15 0O000O0O0O0OO0OO0OO0OO0OOO0OO0OO0OTI1

CH16 oo00000O0OO0O0OO0O1T1T1T1T1T11

Addition 0 1 2 3 4 6 7 8 8 91011121313 14

w
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Fig.8 Waveform diagram of experimental results
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