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LEO:low Earth orbit, GEO : Geostationary Earth Orbit
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1]SpaceX Reveals Operation of Over 8,000 'Space Lasers' Across Starlink (tesmanian.com) . ) . . .
2]Space Development Agency’s satellite plan gets new name, but focus on speed stays — Space Development Agency (sda.mil OO0K: On-Off Keymg: DPSK: Differential Phase Shift Keymg

ISEDRS - eoPortal BPSK: Binary Phase Shift Keying, PWSA : Proliferated Warfighter Space Architecture

[4]0n-orbit demonstration of 200-Gbps laser communication downlink from the TBIRD CubeSat (spiedigitallibrary.org)
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Laser Capability Highlights

Longest Link Distance: 5400km
Number of Acquisitions per Day: 266,141
Longest Link Duration: Weeks
Max Data Rate: 200Gbps
Fastest Acquisition: 12 seconds
Min Altitude Link: 122km
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[1] : https://www.spiedigitallibrary.org/conference-proceedings-of-
spie/12877/1287702/Achieving-99-link-uptime-on-a-fleet-of-100G-

Proceedings Volume 12877, Free-Space Laser Communications XXXVI; 1287702 space/10.1117/12.3005057.full#_=_
(2024} sh Electric corporation [2] :https://jpn.nec.com/press/202501/20250123_01.html
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Experimental system was prepared to evaluate the receiver sensitivity,
optical phase locked and initial frequency acquisition.
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The communication performance has been evaluated through bit error rate

(BER) measurement versus incident power on balanced receivers.
Transmitting signal : 2.5Gbps pseudo-random bit sequence (PRBS) of 2431-1
OPLL is locked after compensation of +=7.5GHz- frequency variation in TX-laser

-47.3dB -49.5dBm _
, o — 1.E-03 < -
gy e i : ° Theoretical
3 1.E04 [------\c---- 1o oo o \----1| — — Designed (PP=5.2|dB])
; , ‘\\.: ® measured 2731-1)
o . . s -
§ . 5.2dB X! !
ot I i fl.E-06 ------------ - ----------~ N i ety
_ S : 5 :
™ -52.00BM. ELEG7 oo \oeesee ooy 26 phiptonybit -
. TN " & : { A :
" W O e s oo
L A f—-——\—\-‘ ————— ——"
-60 -55 -50 45 -40

Received Optical Power [dBm]

*The receiver sensitivity has been -49.1dBm at 2.5Gbps, BER of 1e-6, which
is fairly consistent with designed value of -49.6dBm even if Doppler shifts
exists.

*OPLL stably locked more than 25 hours at incident power level of -52.0dBm

Proc. SPIE 7923, Free-Space Laser Communication Technologies XXIII, 79230] ‘

©Mitsubishi Electric Corporation




ERENXZERIm ¢ wmiTsuBiSHI

2 AN ELECTRIC

F “J 70 5 j l\ 0) m E ( T 9 )ll ) Changes for the Better

B LD MNOXRZEFRE[1]Z2FWVWT, 2.5Gbaud 2{EAARZ RN UMELIAEZ
(BPSK/QPSK) EF(CXU T, UZIAA AICKEME R EIRE 2 ZLER/ 2L TRY TS -2 Tz
A ON UV EE S =R =) el T e SR ]

+ 10MHz/s%Z _£[B1B40MHz/sD Ryw IS5 —= T NENBEAHEM B OES AT
FOENRIRE CTH D EZERUTE,
[1] {@E fith, OECC2022

)f)%

FF_F_CE JJ7) I/S’/(A(L

Transmitter

_________________________

ERE _CHJjj— Tx 4 ‘, Receiver
jhﬁt*ﬁ}?ﬁ FPGA | ____________________________
> ] : : Microl TLA
i DAC] | ,
: \ Drivers$ | i |
' |Coherent|
-MucrolTLA|—-||/ mod|—~—»| VOA |—|CPL | CUTIADC
- Q I, ' | |Receiver[]
N e e e e e e e
Noise " - ’ i
Source | } OBPF ,:
EEEA B == fifE
(C =10 T 1T R T 1l =1 BT W 8 T 1 R
=) ° _o.a = 2l |25
HEE £ S EE RN HE R
) = 51 | & 5 = | E 1] € NI#E < 1.E-01
el SIIE] o2 LIGHIENSIHIEELIELISHEIZIIELIE -49 dBm
Dt RLISLI2LELE S LIElElliol 22 LIELIS s 1 E
OSHERBM=IT S e—M°OHEHSH 2 S P2 M &M% FE MR Date 1.E-02}
SLIELISIIEL € 2 |12l IEHS =2 2l [SIHEI IS ISHCT ] Tl oo
n < 1g = sl S 2] =<l 2] 2Z] [Q] 122 FEC limit*
B~ M o = < Q.= =Y =) L R4 2 ) -
x| |z =) sHI=2=l [l [E([[E]| |2] |E & 1.E-03
o =1 @] = b=} g r
EX 3 ("g < = A B % -+-BPSK
Ll i BN BN Bl B M = 1.E-04} =QPSK
PRBS BER Frsd BER
Generation Tx-DSP Rx-DSP Recording| Measurement 1.E-05F
&
1.E-06

SEEEE( f= so %5 .50 45 40 35
FPGATT3EZ U JZ DSPHERES SRS T [4Bm]

©Mitsubishi Electric Corporation




ERENXZERIm ¢ wmiTsuBiSHI
&% ELECTRIC

2 AERbEGZRESLEIE—-L > MRES Changes for the Better

DERRL S umED I E—L > MEZ0EEKGO/NE{EZBHiEL. BIBERRDOAEL
HEIeE-L Y MRESREZMELUIERETOS b FeRFE.
[%J’h*ﬁtﬂ%ﬁ%ﬁ%m LzJE— I//I\z4.=.%ﬁ]

ERDIEREFT—=ZFT I

[m === = === — == Fine

L. Coarse
Pointing [ Pointing

|
Demodulated | I . < .
Data Mechanism Mechanism
S— . K] -
Optical | + ¥V '
Costas | 1 90 deg I Polarization

Beam

Loop Hybrid — — ] . Coude type | [====»
Circuit \ Splitter Telescope || €—
VY ¥ | A
I pp A Acqu!sit.ion I E
1 .| Local - Pointing | '
RX 1 Laser Sensor I Optical TX signal APT

| S e e e S I

= s . ~ Fine . Coarse
Eﬁ%“@ 7 A I\g\ /]/ 71-_ |<91\EE] Demodulated Pointing | Pointing
Mechanism Mechanism

Data

|
|
A
2 ~ - : —QD1 Optical : . + '
‘ : ‘ —QD2 Costas 90 deg 1 Polarization

g R 1 A QD3 Loop l Hybrid e Beam Coude type ccc=)P
2 — Circuit I Szhtter Telescope || €—
2 i . e : .
- (]
2 y| Loca Optical TX signal
g RX Laser APT
14

Freg. [MHz]
M SE66EIFHERFESHEES 2F10 (2022)
omisush elecic covoraion—— Wttps://www.mitsubishielectric.co.jp/news/2022/0531-b.html



‘ MITSUBISHI
AN ELECTRIC

Changes for the Better

cCoTsm(BEEm)FHERICE T
BH F

©MitsubishiElectricCorporation



3 MR DB E & FEi 5 o T

Changes for the Better

IRGTHR(EIE - BFEPm(CHERESETT I TR < KAWIEZ S| S I AlseENd B,
COTSamMDFEHEA (C(L. BEHRICKLDFEZTSBRIICIEIRI D CENER

I 17 10

TID DDD SEE

FELK 8ESSAL J7>0>3> AT PE
HEPGRICH R D2 ITo5—

FRER G BT 2Pan CCD,PD CPUIRE FET XEY

Co60 JO > BBETRE

L <3 s Ly NS |

L ishr

TID : Total Ionizing Dose(h—%)LR—X%HER)
DDD : Displacement Damage Dose Effect (ZE1812)
SEE : Single Event Effect(3 >4 ILARN)

©Mitsubishi Electric Corporation



3 JE—L> M ABEOBSR - ERR o

Changes for the Better

B FEHZERCSITDIATEFECBERCEREETS 1 —I)LOMEEREE(CAAIN UL IRFERZ Eh
B FEHEBORVERESmMEENSRES 1—))2RHACIE LEET /. KRFEEE(C
KD/NEFHENDRED (CEITTHARRZEmUIT.

¢ MITSUBISHI 1. HIE). AERTEEEECHATIEREE 1.5m 8L —F— BT 2 i

A% ELECTRIC (BA%E No.2412) XY, FHEWMTO L —F— KRR ORI R2h
= B - NLAERT L—F— A AVIBIE 2175 10, ALEESTAEROME THL 725
PUNGEIIE e Ml 20249 A 19 H IZELD Ry 75— (L—¥—RBEHOEL) 2 ALEROMIHEEIZS L THET
ZEERRAS 5 ENLE, SERBLAERRE S 2—AT, #HRATHNDH TSN Z0 Fy 77 —HEICHS

NESS RE . EAGE = 7 L—H— A B & 60GHz 2 FHZEMIZ TERE

FEABEAARES 1~ LORELRETLY I £RY S5/ FUTEER 2. E¥ERORNMINTRELEAL, SHMCEA M RERRERE =~
RASOMEM & /A THR~OHIIC LY | 522 Mb L BRI Mm% £ 'BEEA7EY =7 NOMBLEGIATRELERL. THIN CORBRERBLR

CEEORBNTEHRE~OBRIZ LHEIEIZE~, #3550 1 O L 100 50 1 OBEER
R bl

T L:b _ wii A el
':tl N ,-ﬂz *ﬁg OPTIMAL-1 ISS 76 TR ~DEA > —>
W= /&yﬂ}ma | At |:|.|-.E Bl T—rm Y AR—RIEHAYE ' A -

$#24k : JAXA/NASA

10 ® On-ground evaluation R o _

S —IHE545=
E: o 0 On-orbit evaluation(6 months) S 105 | u 715} \Ij |$Hb DIE
N~ 5 ___________________________ £
> )] -
Q O PY °
g Oe o = 10 |
g L 3
LE v % 9.5
2 -5 —-—---—"‘-'"———-——---""'*.u—.'u' o I
5

- 9 : : :

1 0 2 = 6 8

21 23 25 27

[L3RFESR  https://www.mitsubishielectric.caviiimews/2023/pdf/062
https://www.mitsubishielectric.co.jp/news/2024/0919-a.html
L—H—22A41SF)LY 52%Vo0l10.P543,(2024).

LD temperature (°C)

©Mitsubishi Electric Corporation


https://www.mitsubishielectric.co.jp/news/2023/pdf/062
https://www.mitsubishielectric.co.jp/news/2024/0919-a.html

‘ MITSUBISHI
AN ELECTRIC

Changes for the Better

i 32 B R £l

©MitsubishiElectricCorporation



1 IR 8 R R i
4 DB ES

‘ MITSUBISHI
AN ELECTRIC

Changes for the Better

B SUIRUIEBROPIEHBIEOA NEL TR LT O3@ENMEEINS,
B BENEVTRVSHIVE - AZERESBIN TAFT > I3E -2V AB NS, HIRRHETRDOD(CHEES
BRROEENMUKERVWHYY - ZE TEFERD

E—O> LA . .
i (E— L3iht 0 BERE) E-a2pR
Rl B Cd e | Eseicasu T, gm0
EFBEAR - . =0 | BoRE\E—O %
CHLE—ADFEE, 2T |EAASNET IS
ASILAF v 2ETS -
A o
e IR RE R
® o
ERESADHS | XFr BEOTENRT Eﬁﬁﬁégg‘;;gb‘ét
XIGETRE B C (3R]
hL— KA N, . ot
- Er B - EEmEEKREs | B memcss
H ZOEEEZ S e
O yAN
S AIEE - EE@EAKRES | B EONEES
ZOEEHEZ S je5
© ) A
HER 1@%%%?3%%%%@“(1\ BRE — T > RN E

©Mitsubishi Electric Corporation



i 1 B B $ o ¢ wmiTsuBiSHI

4 AN ELECTRIC

t“ - : > I/ZH :T:e (: B Lj- 5 :/ _a- >Z Changes for the Better

B A IILVT—FDFE. FHEHERDS —5 > X (FRDED .,
B Stepl: EFELCTHSTXR/ A S)LEBAZRHIE. ME2MEt1imradE i HZER
EFELCT COFIRESHRXDFEEF RO EIRD KD (CHRFHEMAIFHLE
B Step2: {HFELCTOERSH ZHE/]\,
FHELCTCTOMIRESHRXDREFT L EIRD KD (CEFHEAIFLE
B Step3: FBEERE— RICHIT. BEBH I LBEZHIAE

+1mradDEFEZAE R /A TV A F v

Step.1
BIEY E—LIE175urad &)
REFAH: £25mrad
P e HEFM : +25mrad
FLEO -—»::.77_-_:;::-----------.--......._._.____."'-_ e
po M --------- AR S, T v/

D BIEK E—LIEI75 1 rad 25) o N

& / Step.2 & / BIEN E—LIE175urad2 )
FLEOfAICAS ﬁLEOﬁIJ(_‘)_\ S

fREF A +2.5mrad e
i HEF A +25mrad

BIER E—LIE175urad &)

4k
N

FLEOfHICAS HELEOfAICAS

+250 ¢ rad DEFFAE R /XA FILAF v

©Mitsubishi Electric Corporation ‘



1 1 1B E % filv ¢ miTSuBISHI
4 3 AV N ELECTRIC
t - j > I/Z*}J % ;ﬁ }E (: b\ ‘j- 5 ;ﬁ ;EEE $ :/ EJ l/ — :/ 3 > Changes for the Better

B STEPLICHITD. EEE TXAEFE R/ 1 ) LEBRFOEFENROREBIGEF
Rk (EBRE. HiTEERGE. PHIEIEER) 2EBUTXE—LALNRDA,. R/)\1S)LEREH.
E—AA—/)\—SvwTZKTEIT D, FTORNHEE LT, ANEEHZ t1mradE U TIRTE .

T D—H7ZRT, LCTDICSE

#HAKEEEINS A—4 (FELEO)
Craametes L vae oo IRCCELYD

Scanning rate

Spiral Winding Number
TX beam divergence
Beam overlap

Total PAT time

Number of scan

E-LEE
NF—>41
(EERREZR)

©Mitsubishi Electric Corporation

21.4mrad/s
150
28.4urad
76.5%
88sec

FPA-Y Angle[urad]

Scan Area +x1mrad

1.2deg/s

d80mm

STEP1
T=22sec

StepllcHiFd FHETXDZS —DIFREIREH

FPA-X Angle[urad]

FPA-Y Angle[urad]

FPA-X Angle

T T T T
1000
500
0
-500
-1000

| | | | |

0 20 40 60 80 100
Timel[s]
FPA-Y Angle

T T T T
1000
500
0
-500
-1000

1 1 1 | 1

0 20 40 60 80 100
Timel[s]



4

i HE iE B £l

ERE{CRERFS~JE—-L> MRMOER~

‘ MITSUBISHI
AV N ELECTRIC

Changes for the Better

B HIBERXR(ICOE—L > MERZREWD L TERRREIL.

BAHERMEOR ENRRIAD D,

W ERABRK Tx
—eep -
} e E
* ' RX
Demodulated Coherent
signal " receiver E B i
Local Pointing | Optical
| aser sensor [TX signal
. . T
Bt —L > MRS o e
A= R
X

' Optical
§TX signal

B [EiERK
FEME  BME

/\/\Ts/_/—\ 2E
’ >

................
.....................
....................

RFELREX

mt—L > MEE
FEMS  BREXIaVMIS

>3y MtE
S

sienal € :
g receiver
. —————— —— POo0C %oc.
i Local E ; -
| Laser || 75/4%
STt ' ' Pointing
: sensor

P R PR Y

3%%@%&%‘



i e B R 1 il

4 SBELCHTERE~TE—L > NEHDEE~

‘ MITSUBISHI

AN ELECTRIC

Changes for the Better

B Ot L>YMRRZRWSCET, ByallEsFEN70dBiER _EU.
SNR : 20dBEfDZ{ENT— (3922 dBIREI D RIAHZISIT,

EERKRS I

\Y V4 ~ 4%|3E
=S5, A A . .
) IARTAAE
+ -
BESt SeE R
T'E‘.?%ﬁ‘é}[ﬂ}_ IR DL
4': ' ! T —ab—LUMEE
A D OO Y OO O — EER
_35 | !
2 3 i |
:Ea SO S WO 1) T 1 S —
= 1: T N e (ﬂ—r:'—b‘p:z z[dan """""
1 [l i 1
0.: . 9dBmljJH§ 0.1dB  ____4
-100 90 -80 -70 60 -50 —40 -30 —20 -10 0
/T — [dBm]
1K16b

mIb-LY MRS YRR
m PBS 7 gEHLOIX

AZRBR

JANIAA =R

h E
R I
il I -
P FERER

50 —

- -- EIERE |

40 - ——A~FOIAMRE L /
—~ : i | ,I,,
T e e e S
o |
Z 20 | s O

10 fr

e
O T ‘I T
-60 -50 -40 -30 -20 26

Daran/ad Daaly Dawar (ARrm



i e B R 1 il

4 = B E AL (C B T R

‘ MITSUBISHI
AN ELECTRIC

%‘I ~ j t — l/ > I\ ;i ﬁﬁi w i@ m ~v Changes for the Better

B QD+TIADFEMNICER AN UZEDIE—L > MRIK(IC L2 AER B

R AR

15y

4t (RAME) e HMEE RIFIC—ET BT =MERR LI,

EOR TSR

Intensity (dB)

-50

-60

-70

-80

-90

-100

-110

-120

000.0E+0 5.0E+3

-65 dBm
RS eiEtE l

ATT
4

O—> PM
PPG 3

27GIRAR
80 MHz> T ~ AOM

LD J

Fig.1: QDARHANRT bS5 A

SNR:27 dB

Freq. (Hz)

©Mitsubishi Electric Corporation

10.0E+3 15.0E+3 20.0E+3 25.0E+3

RO sE67RIFEMFESHEES 1K16 (2023)

KSA-5 fiE
e o]

BRE
QD 35— o
ADC 1 BFEA/(T—
PBS I
. ; PM
Lens - M4 - =X/ T~
E5-BFE
= A=
; ADCH> >
Loc:9.5 dB 9
Fig.2 : 1EMAERTAEE M
100
3 5o dX +/' 2.4 urad 0.2
50 by P A e
o
% =0 g 005
-100 % 0
100 m 0,05
_ o ay +/- 2.5 urad '
I -0.1
{;uig 0 ‘.’~.Vw~.WW,WW,);‘-J«‘MWWWW,MM‘“;’Wmlr\;gWﬂw\%’uwﬁw“&'w,w'N&WMWWM -0.15
% -0.2
T -50

1560.62 nm

+9.5 dBm

Pilot,CW (79.99 MHz)
- 65 dBm

80 MHz

60 kHz(1000 pt)

Fig.3: A1+ =woL > 5

-50 0 50 100
fEmMARE (urad)

’ 2 Datapont . Je—-L > bEiRiERE i



©MitsubishiElectricCorporation

‘ MITSUBISHI
AN ELECTRIC

Changes for the Better

SEBCRAFERDBEAHFETLED




SEICHFIEERDEH;M ¢ wmiTsuBiSHI

5 AN ELECTRIC

ﬁi E m 5'6 i@. E Changes for the Better

STw T —4. BIUOFEERBEOARBSEILICHL., BIERNBEOERILMNKDHSNT
LD, RBEICKIDBENNLBEFIABTE/LIEITTRL, B2, MEMCOEBENSEBEI.
VCSELY” L1 Z W ZTiiEHREZB I D bS5 > 2 — /) HhiThiR.

i ML I
H-=FN gy
S e
|‘ . I | | ) ﬁ'lﬁll.___
|BET-P | i #4T
«—l < / ey, || EERE — X
I<——>I I A FRIEH % N/ K X
= - LN oy
I'5-21 ) I al e eag /]
| ki | | | (AX—¥, HEIPD) 1« #H -
AtkH I
' LI ATHEIES
el - PAT: Pointing Acquisition and Tracking
:H: (1BMmE-1#iE- B E)
Smith4T :

MAETHR b= > = — ) \SpaceABLE!!

[ Plrhtkpssffwwwasmithsinterconnect.com/products/optical-transceivers/embedded-transceivers/



SEICHFIEERDEH;M ¢ wmiTsuBiSHI

5 A ELECTRIC

5'6 j I Z I\ J4 l/ 4 (Q J: 5 {_ ; lliE Changes for the Better
PRBSIESZEEU. 2R FITI— ARV AICLBEBImIE(OOK)FEEF#EH. [1]
BEZE&E(CLB5Gbps (2.5 Gbps x 2). 40 Gpbs (10Gbps x 4)%3E:5iE

) — -

B TIT—ZRFLA R = m 5Gpbs (2.5 Gbps X 2)%.:&%*%[1]

Far Field Pattern

. . Ceniroid
Transmitter uml O_pm al phased array unit Receiver unit o Yu:@d
————————————— i . X
J
ND | Intensity 0
} —-
filter | BS 2 T Image Area §tats | FOI |
“__} ’ [ Min 0 Max 0

an:l Cross Hairs ‘ML ]

Avg 0.0 Sigma 0.0

i

R
e [5o][7o)

.

D*

!
|| BERTS [ 0SC

BERETfh Far Field Pattern

LE-01 — - = =simulation
1.E-02 TTAe O 1Sig
ci03 B 38 e OPA TX-LD#I +

o ‘4 omaTxLDR | 40prs (10 Gbps X 4) KEHESR
” & oA
; 1.E-05 p ST TF : ; 4.‘_ ,“"i ~-.‘—.\ w',,-, *&%}_ ' S "“

1.E-06 J 2 s W

‘ W R .,,f e f

1LE-07 T ,

1.E-08 .\\

1.E-09 |

-42 41 -40 -39 -38 -37 -36 -35 -34
Received Power [dBm|

[1]E.Haraguchi, Appl. Phys. Exp. Vol.18, 012004(2025) S p——— o s 30



5 FEBH o i

Changes for the Better

EERITOREREA, ith E OB OFFERREICKD,
BECEEFISRVWIERMDIRILVWFEHERAZEIEY .

B CHEERECKIDESE SR AIFHEORS. L athEk - SFEZSOBH/ LY TAT=E
EOERRNLEFND. FHI—L> NN, BESATLAOERRERLIITRL, BENSREADE
E. BLMFENSHE_ EADBEFOE =/ IBEVMIETEELTHD, 100GbpsEDERIE
EDOEIRICBEINTHS.
B SREIOXZERIT
RyTS5—2JbOHHE., FESAREE : 7707 - TS5 E 5 TIREE
Je—L > h2{ESR  BEEL.SumFBOAERHE RzHMaUIc— L N2{ERZHFE
B COTSmTFHERARE
EA BB SOt HRERER > 1 — T Yy N LB —L > MYEROENE 35T
m b EOSOERIRT
LEOBEEA : RAERIZCLBLEOEBEEA. STE(CLZEREIE
B BRIl
HHEBRES AT L&/ NS AE
FEAfYES =L —4 ¢ B8/ (AP EEERDIE MR EZ B B UIE - ARF v 221 — 57 HFE




MITSUBISHI
AN ELECTRIC

Changes for the Better



