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Fig.3 The Gain spectra of active region andcavity mode changing with operation temperatures, and thered solid circle indicated
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T, 80 CTF O AR A ) FL AR AL 30 dB PR AN i bk A 5L 16 dB, PRBE D) R AL 0.55 mW . BRI 1
T B 45 4 B 2 e H A % BEAY VCSEL B2 Hh A5 21 07 P, 8K 107 12 1T A % 113 190 2 T 77 e J2 R P ) 2 326 T A J i
SERY o A T4 T S SR AT I R A e A R R 2 A, B 3 A AN A R R TR vk
H1 T 2 10 A B R T B 0 TR kR E R R TR T2 A v e 3 v R A A8 5, T DA I B G A A
5P 4 R ROR R S5 MR B 9

7

SiO; | rLighl

p-contact

p-DBR
Oxide aperture

Active region

n-DBR
n-contact

B9 KAEAMA G E L FEELE M T EE
Fig.9 Theelliptical surface shallow integrated on the VCSEL surface, reported by CIOMP (Changchun Institute of Optics, Fine
Mechanics and Physics)™"

2018~20214F , R Be K A& SGHLIT VCSEL W1 BA % 2 438 1 il 85 BoA 228 A% R4 AL 1 VCSEL ok
07 R EE XS R 9 S A b S AR R A T A 22T LY 894 nm VCSEL ot #8 . iz i FT
A B9 AL AL — > 4 8 RSF R BB T R SE, R VCSEL BOG 28 ol LU IE 54 T4 s i T S0 fLEA
JE X Bk 34 25 45V, IR VCSEL #0628 A9 f PR A5 X 75 20 AR G s i o 3% AT BA e 28 52 3 894 nm VCSEL 0t #%
B ) b S 25 dB fR AR I ] A 20 dB SR DR IA ] 1.5 mW

2022 4, th BB K BB HL AT VCSEL HIBA R IE T 92°C TAEIRJE T, B o R 32 2 mW (1) 894 nm
VCSEL BB &5 R . ZW9E R T 8 pm B4R 1 A AL FLAR , I 2R FH B /N (9 1) 35 10 S AR 77 4548 (5 pm)
SEHLT X VCSEL 1w B e =X i A7 2 il [ Bl S A5 3 T 2 08 i 1 6 2= 3 25 KT SRR ESA dnEl 10,

{ELA5 1 3 A2, 2018 4 K FR e WL HH DK FE T4 VCSEL $ AR sz 9 K F v BHR O i 28 BER A R
HUYL s E A HE R T R M Cs ZE T Y B RS 2% D L 5 IR SR 795 nm /894 nmVCSEL UG A% ™ i,
BARFE bR 58 X5 T 36 H Vixar 24 7877 6, SE80 T E 7 H 35K 25000 &5 i VCSEL OB 8 i ™ ifb . 5
Ah KOG 2 2\ 795 nm VCSEL 7 i D 48 45 35 3 0.5 mW , HLBL T 845 45 © &8 8 i [ Ah Vixar }
Philips Photonics 2% &) 0] #2441 7§ D) £ K ¥ (0.2 mW) .

T AR ] P HG A SR G v R B 2 S A BT L N 4 K T A B FE R TR % I R L R VCSEL ok #
SR T T A SERFSE , ORI IX 26 87 2 BT R VCSEL B 55 T0 8 T 45 b A X 56 Fb 4 2 al i 4% 457 1k 45
Tl 25 A 5T o 2017 4F , 95 PN 4K T A4 3 e 28 S 38 T 795 nm VCSEL #OL 2 iF 52 45 31 R & X &
2R (A 1D, ST = iR VCSEL SOt #8 19 BIE L 1.5 mA, e KT F 3K ] 0.35 mW ., % il F %
WAE T WG R AS 5] £5 18 45 44 6 55 B VCSEL SOt 88 B Re 0t 45 o 3l ik 5250 25 AE I I & S S5 M s
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Surface relief

Surface relief
P-contact
SiO,
P-Cap

Substrate

N-contact

H10 kAN HEmEmEEDFLEHTEE

Fig.10 The schematic diagram of VCSEL reported by CIOMP, emitting high single-mode power ™"’

Etched trench  Mesa Electrode

.Y b

N

B11 #HMAkpsmAseaslrs

Fig.11 The VCSEL mesa with closeisolation trench, reported by Suzhou Institute of Nano—Tech and Nano-Bionics'"
FI T 5288 VCSEL #Y BB T AR {H IR B4iE 795 nm VCSEL (1 & i TAEPERE

A0 3 2 A i 5 AT BATE 2020 4F 4GB TR FH 3% 1 A OGN 25 49 S B 894 nm VOSEL B 55 i % 44 1l
MR %0 1E S ULM K EE T 1 250 200 3k S 2 800 R [l e 41 S 5 26 ) 5 i, e 17 5 B O
WS HC, I T & IR 894 nmVCSEL O % 1Y Ji K BN il L 35 dB, I B OE I8 AE 0.1 mW 247, TAE
HL I ZE 4 mW B 1) i 31 B ATS SR 0T LLGK 1 31 dB, SR T OG5 I & 48 Z 80 TAER A, WTRR i 4 n] LA
BOEH M E R R R 1 mW, R E IR T VCSEL A9 306 3% K 7 889.5 nm Bt it , I & i K&
VCSEL i e it TAE R84, (8 AT LA 0 30 AR M 3k 3] Cs J5 22 1 BT 75 221 894.6 nm,

AT, Jb 5T 2 5 R T I 5 P BA R TR FH 2 A BB DBR 2544 9 894 nm VCSEL™, T it i 1) VCSEL
PG E IR BIE RN 0.3 mA, BRI Ry 2.15 mW . SR IZ SCERFRBF 1 (1) VCSEL H % 3 K 78 894 nm fff
VT, AR S PR B ARIE B VCSEL & i O I K AE 898 nm KA b, Jevk i F it PR & I it R 45 .

2022 4F , Jb 52 S AT [ 55 P BA X 26 10 45 B B DBR A9 VCSEL SO 2% 45 4 (18] 12) S e B J5 BR gk 47
TN FF R X ROy ik il A T SRR ) LS i 30 dB ) VCSELY % HiE o, A i DBR 52 5 {k
DBR Z 8] 5 A 20 (i e K 1 3 569 56 T2 5 |2, 33X Bl 117 8 FLER 10 1 Ak LA B 5 SR AL 2 K 2 [ 5 AT 30
R 3T 8 6 B, T DL HE — 25 1 o X HEASE Y AR AR i RGE Y VCSEL K AE 910 nm i

Al 5T Tl R 2 5 52 83 PAT BA A A AH DC T g T — 2E 5T, 3 AR Ol 7E 2R H HCG 6% il 795 nm VCSEL
14 28 T AP D TS T A R T R B O B TAET . T HCG R MIEXT VCSEL O 28 1 i 41 2 A7 1R 47 1) 45
iR IF B HCG Y51 A 28 S8 Xt 18 i i o9 5% 7 BR 1 B8 1 A7 AR S 80, 23 91 HCG ORI #R A
JEUBE  FRE F AT LB VCSEL 06 #4896 TR 46 2 7 pm, I S2 Bl VCSEL 30t 8% kHz £ 4856 1% £k 98 4 1 24
FE T BRIE LA
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Oxide aperture

P electrode o Dielectric film stacks

Index guide layer —
R —Partial top DBRs

Oxide layer

— Active region

Bottom DBRs—

N electrode — —Substrate

M1z hx+ 2@y MREDBREX SR EH T E

Fig.12 The schematic structure of an oxide—confined VCSEL incorporating a built-inindex guide, reported by Institute of

Semiconductors ™"

3 BIFEHLOEEVCSELEARLE

Bl ho 2 AR BARAE S A GLAE , F AT S {5 0 i 0 OB [ 3 Jr o 1 AR 5, 8 28 0k T B AR
P RBEA 5G I Bk, 9237 W HU IR 22 % B O Y B0 b B Ok B Gy B2 T B
M 2K (2 B PO R B BERE TR SR . HAT 2B oo R R R C & SR T 2Bk
it 8 B9 7 23 22 =, B 2025 4F , A ER Y o0 Y R T B i B B9 R AN RS R A RIS R el
fC3Eo0 AR IR F] 690, /& — AW R 2 BB o TR T RO 0 e B, HE 5 K i AR L
3 WS T PR T B B R £ R B i v 98 23, X T 23 BEAE o HE ek 3806, W 13 BT an o HRT A BodE Pl 2
S AR A TR DB, 3 Google Y AL AR s oy, BT UL B A T I R R0 AF . ROk 5G K 6G HER
A1 R F19 v T A S A R A 3 R e D B v A R A AT A i Y BERE , AT T (AN A B SR T 1 AR
35 Ok ARG RE R 1 5 3 AN AT 7 22, i oo 5040 v o D9 B ST 88 4 TS 32 10 AR IR BE S R Dl O — A R i
ek

Building switchgear/ Computing equipment 52%
MYV transformer 3% (Demand)

Lighting 1%
Processor
15%

Server power
supply 14%

(supply)
Other server
15%

Storage 4%

Communication

UPS 5% equipment 4%

F13 #AEd ATk b b

Fig.13 Proportion of energy consumption in data center
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ST, A5« el T R AT R S 2 S RO A IR 5 AR ok (R0

VCSEL HOW 28 52 HO8 10 5 BB 890G T2 39638 35 0 B0 Y60 . B 2630 15 AR A ik % L VCSEL
28 0 R A L P 9 B 9 € 2 SR B A9 15 GH 3k 80 30 GHaz, B T — A 5% Fil PAMA4
i 7 3 AT LA S0 9 25 Gps 3 £ 5B T 25 100 Gbps 3 £33 5 B T 1 — MO G, M0 0 i85 3 £
FIF IV CSEL SOt #5199 1 5% 2 850 nm , 30/ 4 k1% 3 KA 62T v BLAT U0 AR b 6 . 72080 850 nm 75
# VCSEL WO 8 B9 BF 238 2 % 18 F AR I A BF 52 45 SR . 35 4F 5k , 980 nm VCSEL O 28 ) 75 3
HEPE B AR DB A BN 02 06T, i B AP Toll k%, ok SO0 oo 1T 55 SR A8 o T 4R G0k T
WA, 76 7 1 7 o TR VCSEL W58 b i T B9 T4

®1 SESEVCSELHAFLZRER
Tablel The research development of high-temperature and high-speed VCSELSs

) Modulation speed/ Operating
Wavelength/nm Bandwidth/GHz Year Reference
Gbps temperature/C

TU Berlin 980 11 20 120 2008 [82]
TU Berlin 980 38 85 2011 [83]
TU Berlin 980 23 38 120 2011 [82]
Finisar 850 10 14 95 2012 [84]
Emcore 850 16 28 85 2013 [85]
CcuT 850 21 40 85 2013 [86]
NCTU 850 22.4 34 85 2013 [87]
TU Berlin 980 23 46 85 2014 [88]
TU Berlin 980 38 85 2014 [89]
TU Berlin 980 18 35 85 2014 [90]
IBM/CUT 850 21 50 90 2015 [91]
NCU 850 20 41 85 2015 [92]
UluC 850 24.5 50 85 2016 [93]
TU Berlin 980 24.5 50 85 2016 [94]
CUT 1060 16 40 85 2017 [95]
VIS 850 25 150 2018 [96]
VIS 850 25 130 2018 [95]
VIS 850 25 180 2020 [97]

W1, BAE 2008 4F 78 [ AR Tolk K 2% (TU Berlin) 5t B 2 3R38 T — Fl i B A BURRAY 980 nm B 5
VCSEL. XA VCSEL Jo7 #8755t 7l LAAE 25 “C~120 “CZ [a] 4 20 Gbit/s k{5 S H F e TAE™ . 20114
T AR Tl K288 T —Fh 0% 3% 9 s R AR e M R 980 nm VCSEL (&) 14) 7 1 25 “CH ik
44 Gb/s By TCIR IS L 4R RE , LA A 85 “CR 5 1k 38 Gb/s M TG iR A& Far v A o FAMK Tl A 2 S 3 v sk 17k i
M FEZREAE T RA T HEER VCSEL A I X & i, BEAR T &GO+ 74, Al B ik w] LA 808 & 30 1

- q Low-parasitic
Highly straine chip layout
active region Half lambda
\ cavity for
reduced
photon

lifetime

Heat
extraction
through

binary mirror i

Bld ATFAEZHEHISOnm B & VCSELWH AT T &~

Fig.14 The schematic structure of high-speed 980 nm VCSEL used for the optical inter-connections'*’
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P

A 534,980 nm VCSEL OGRS R 1 831 15 1 A8 19 & BE 25 4, A7 1) T 88 T B 09 000 34 £

20124F, 22 [ Finisar A 7 J& /R T T 14 Gbps B 55 % 850 nm VCSEL™, ZH il N A TE T A M
T HIE VCSEL il S PE 19 ik K g5 o 7E1Z CFh , Finisar 22 A 42 72 1) VCSEL B4 52 i T # 3 2 000 h
Ak FH P PP A D 2% 4 R 150 “C~85 °C, 3Kl B ity 9~15 mA o 33X B i 5 1 £ AR ff 85 “CHL R (VCSEL
ORI 95 °C) B B 2 F A R F FLIZ A B 2 R R B He ™ 5 T, R, Finisar 23 745 76 4% 22
FF & B X 28 Gbps W FH 9 4 — 18 850 nm VCSEL .

2013 4F , Emcore Al BA B XIE C %438 T i A fE & #. R SEDU (Sumitomo Electric Device Innovations
USA)J7 ", 1 25 Gbps B 28 Gbps VCSEL 5 F 4548k (9 #f 55 F & . B & i 17 85 °C R #F 96 ik 3 16 GHz, 4 il
R 28 Gbps i VCSEL W F o 1% BARIE A9 VCSEL 30Ot 25 AN A 4% 76 8 i 2 2R 55 35 28 Gbps F TAE, i
H A TE 200 m OM 3G 2R 4k % b DU AE (9 84l 3 R #4738 /5 . VCSEL £ 25 *CHI 85 CZ [] (7 98 2 5
PERE 22 BE AR F /N, 3X E B4 25 TR 1Y DG 25 S5 0 5 AN A A M T LLRIE VCSEL SOt 88 7 AR Tl
TR T B R 1 TR RE

2013 4F i A7 R #8337 B T K 2% (Chalmers University of Technology, CUT ) 3% F 5 H1Ak Tl K 2: 251
AP KA PR EET AN DBR AY N ST 2 5] A T AL A SR H B 2 B, KIEFEIK T VCSEL #06
PR RS R BE, SE P T 7 pm A AL AL B4R A9 850 nm VCSEL 7 85 “Cli B T 4E I 4 1 i 48 9 15 8] 21 GHz., 18
1 R GBI # B0 0E T VCSEL #OGHE = I8 T 19 JC IR A5 14 5 56 77, vT SE B3k 47 Gb/s (1 TG 15 5 450 4
Lk (RIS R <107") 46 85 °C N SL BLET 4 40 Gb/s 1 J0 5 15 H 5 1% i .

[F]4F , v [ 5 75 28 38 K2 VCSEL AR IE TR Zn ¥ B T 25 52 90 5 3 VCSEL OGRS 19 053%™, %
VA BA XS e 7 W5 S ] Zn 37 80P AR R0 B2 9 850 nm VCSEL 2% 44 14 5 s M BE U4 Zn 7 8 T 2 2 8 (48 1
A:Zn P B EAE N 6 pm, P ECEIE A 1 pm, #84F B Zn P HLE A 0 10 pm, §7BUR BE 2 1.5 pm, HLAK 45 #4 4
FI15) o SR AR AR Zn B i R 40 Ak BRI LR ST, BT RSB R 368 34 Gbit/s 19 808 1% i il %, JF 3k A5 Tk 4
SR REFE /KO (140 £1/bit) o Zn ™ 8eE AR v LIXHE A VCSEL B0OG # #Y FL I e — 22 BR A 7] i 38 38 47
TRASEMZESI ARSI Z . FEZRE P M T Znd 8 X 5 8L FLE A 528 T 340 M s i A, IR T
VCSEL M43 H B AL A5 DL E— 25 B AR, 3 Jit PR S AR 438 vh VCSEL i % 4 il 32 1) 2 25

Device A Metal pad

26pum
Metal pad

Device B

B15 FFZn¥ # 04 VCSEL # & @ & & X fiF 4L &/
Fig.15 Schematic diagram and top view of VCSELs with different Zn diffusion diameters""

2014 4F- 48 [ AFTRR T ll R~ $ H T — b s U 1= 33 Y 980 nm AL BR il A VCSEL 25497, i i R il £ & 4k
JEGEH AR T RS 45K L AR RSB T 25 °CTR 50 Ghbit/s 9 T8 U A% TAF (e K8 78 95 24.7 GHz) , LA
Je 85 ‘CF 46 Gbit/s [l JCR S TAE (e K IH #1498 23.0 GHz) o X g B 19 VCSEL Jt Hoxd T34k w
FRES (<2 m) R TCZOE B % .
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ST, A5« el T R AT R S 2 S RO A IR 5 AR ok (R0

[ 45 48 AT AR Tl R 2 4 T — i 80T RB IR B RS Y EL#E A ) 980 nm VCSEL™, TR i i /& ik
85 °C, 1E 85 CI, Jo & b 1% iy i A2 35 B 38 Gbit/s. CEAZ 1 AR B S VCSEL 78 K 25 B i i 25
BB AR ] SRS TR RS R o e B N R AR e E S VCSEL M E 2 R EE . 1845 M 1k,
980 nm VCSEL /24 VCSEL H1#E 85 °CF & 15 RE MY o FIAK Tolk K 20E 58 1 76 & T AF IR BT W] B 52 80 & Lo
R B LR FERE IR W ATR AT .

2014 4F , 8 [ AG Ak Tolk K2 H1 4 7 3 pm, 3.5 pm, 4 pm = Fh A [ E 4L FL F 42 79 980 nm VCSEL, I 56 3iE
TOHER TTAERERES . 7E 85 CIRJE T , %M 5 m OM2 MMF 1£ 56155 , Se 3 T 35 Gb/s 19 Jo 15 i B 4%
T AR, # H47 % (Heat—to-bit Rate Ratio, HBR) AT I5 0 i (139 {1/bit) . AW T ALY FLAE A C
14 A TR M R R R AE 85°C i T T 1Y s 0 I ) KR L TE B 3~4 pm (9 AL Z FLAR R ST 2 S8 VCSEL
AR R R SR

2015 4F , 5 [/ IBM A 6l 5 CUT S48, R 18 T 850 nm VCSEL 06 #% 89 i iR T/ 55 vE, 38 1 w5 i
VCSEL ¥ 315 4 53K 20 #5 F1 42 050 #45 f 8% 40 285 45 00 ik (&L 16) 32 0 36 T LA R i e 50808 4% i ol A5 B
35 2 R 1 AT A AR RO, B 4 S I VCSEL P il 38 4238 2] 1 50 Gb/s, TAF I EE e T 36 90 °C. 7EIRCA 1T
M S B , VCSEL 78 57 ‘C TAER (5 5 (iR i AR /N T 1077,

High speed inputs SiGe driver IC

Large
thermistor

VCSELs Small thermistor

B16 #EIBM 5 CUT 4R ty & # % & VCSEL # 5 52 4
Fig.16 The integrated high-speed VCSEL module reported by IMB and CUT"™”

20154F , E KUCHTA D M 43 1R ) Zn 9 805 K i 39 25 W — s A0 2R IO AR 25 &1, 90 90 v 1 e 1)
S R £ 0 — BTG I AT AAE — s AR B b0 ) ehn 7 30 B G 0 3 s 48 5 DR S Y A S o i
i W — A5 4 i 2 20 nmy, P8 1 HF SERE N E 27 GHz. Zn T HL T 20 0] LUK BARE VCSEL 0% 2% /9 T4 i A2
MR HETE I 17) , NI FEAR T VCSEL A5 o BB o 1% 8F 58 78 85 “C R S8 1 M € i) 3 s A% i vk i, ml LA S B
41 G bit/s 1Y TC 15 2 A% iy R AR 1) 3K 2y v 3 %5 B (8 KA /em?) o

2016 4F, 3 [ 7 F) 15 K 27 JE B 40 - 75 #5243 8 (University of Illinois at Urbana-Champaign, UTUC ) 4 i
T 54 Ing o GagsAs/ Al Gag o As i T BF, DR 50 BedL 20 4548 (#] 18) 1 VCSEL ok #8 . R 54
R B Bk T LA RO R BT BB AR 40 1 25, 4 B AL Y £ S AL 2 A A T DU SR AR SR A 48 )2 T A
AP A ML R Z BT vk 7E 85 CRY SRR, LB VCSEL (1% JC 15 B4 1% i 38 B2 % 15 50 Gbps.

2016 4F , FUMR Tl K 22 i 38 T /M5 55 i 71 98 B8 15 8] 25GHz, HAE 25~85 “C Iy 4 % i & 1 ) PR e R
SE B ) 980 nm VCSEL L #% ", 78 25~85 CHR BE I [~ , 78 5¢ 2 M Al A9 3K 3 2 144 7, A 50 Gb/'s 3 JiE
SEIL T G TR A 1 S RO L

2017 4F , i B0 A7 SR 0T K F 4R GE T — b AE S 1 060 nm B B GaAs 41k W BRI 2 B S TR R STIEOE
UYL ZARGE P, SR TR A A S A B RO X BT FE S R T RO6 X A 3R T R I BE 1 KM R Y
TR AR AL 2 5 3 AR 2 20 nm, 38 2 7™ A5 HE TR 25 49 1) S804k 2 DL R IR 2R 0 SO 0 E 5 o LAk 2 17
ECE T YRR O LA/ VCSEL PS80 2 BRI AR , 5 5 SRk ol Ak BTy HilAE T A 4 um
HAREAFLAY VCSEL OGS, iZOE 28 B KT 50 dB #9040 ) F1 0.2 mA B B 8 F8 3 L 78 100 1J/bit £
AEFE ™ SEHL T 50 Gbit/s 854 3 %, 013 T Y B A il S48 bR o 76 TAF IR B2 35 3] 85 ‘CHY, VCSEL {58k 1] L)
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P contact

Oxide relief |
Active region
N contact

P contact
Zn diffusion

PMGI Oxide relief & - ; o
) Active region Tm=Spee: 3776 _Belas
Si0 N contact

Undoped layer

H17 Zn¥ % VCSEL£#H w8 "
Fig.17 Schematicdiagram of VCSELs with Zn diffusion’”"’

Top metal

Oxide

confinement
Aperture

H18 it % & VCSEL B SEM H % ™
Fig.18 The SEM image of high-speed VCSELs'""”

SCEL 40 Gbps 1) 78 il 35 3K

2018 4F , VIS A ®l I8 T I 34 25 I K 26 38 xF VCSEL 4 35 B 1 RE DG 98 B i 2 . i i 48 fk W R
il £ 850 nm A9 VCSEL H A 5 5 A9 5 A3 %8 1, 150°C Y HUAN 2% TEL BE 1 1% i ol 2R BE % 78 15 2] 25 Gbit/s, 1M #¢
130 “CF fiE ik £ 35 Gbit/s.

2018 4F , VIS 24 # () AGUSTIN M % 5 5 % FH 8 1 5 45 W 15 o A5 TR IX (9 38 35 v R, i T 7 S 1 i iR
LA T A 4 25 KT BASE B T 150 CCHs 3 {5 R AT SA 3 25 Gbps i il VCSEL™. 2020 4F,
LEDENTSOV N 45 2% HIAH [F] 0 2 i AOGIZ 450 38 b A 1k 38 25 05 5 SRR X067 &, 2 i = iR T VCSEL
PR TS A 04 25 1 B U B L 923 T 850 nm VCSEL B0 28 78 180°CH B4 1% iy 9 % 33k 25 Gbps 7,

ZiG LR VCSEL & 3UIR Kot 30T LU e AIF 58 R0, T8 1) 5080 o o0 19 35 v T A LB i ) 22
SR, X85 “CAE AT 1 /R 18V CSEL WO % U il 33 R AT 1 0T 5% 4, B 2 B0 TP BERE ) B s o v o
VCSEL fF 58 45 5 B WAAAR Tlk 2 5548 T “ SR 806 724 "4 &, 107 980 nm i BEFE 1% A8 A & W A 3.
B L Z AL 3, HOMR Tk K22 TR T — R 5 i R A F T e Al 1) VCSEL #OG R 5%, J5 2k VIS 28wl R H &
FERICX LM, BT VCSEL B9 iR TAERT IR % b 5 0 TR fE .

4 BESRE

VCSEL SOt A 7 AR IIFE DG AT S5 R L B AT 0T L ABLAY 2 45 I 34 , 7 e A= Y - 2 4F ], AN I
1 2 2 A2 B A A5 UG S 0 AR G 1) A IR DI ARE S /N R T 1) e R oo R R A B AR R R R TR 1
WAL AR Bt D R NSRBI 29X VOSEL O A% 1Y il T AR RE U 4R T A )
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ST, A5« el T R AT R S 2 S RO A IR 5 AR ok (R0

H T VCSEL SOt & 206 X DBR 45 K45 o ) ™ 22 g A FR A0, w5 i T VOSEL B IR 2k 98 A
35 O i B R 3 A8 S OC B M RE X 52 BB R PR . I rh R g K A DG ML T A IR P R TR
AR B A Jry Bt 2 50 A Jm H% B il VCSEL SOt Ar BR , 5 [ AN VCSEL @SS BF ST LA [A] 42 1 e 1 A G $L
ARAFFE . KECHIITRE T — R IG5, S8 1w iR VOSEL BOG & A DI FE#E 1 s BF 58 VCSEL K i
B2 LI AN 235 ¥ 5 P9 BB 25 4, S i RS 25 i VCSEL 0t 0 0 5 & 1 A 20 5 O i AR b s o - 1) B2
P4 25 0160 5 4R I E LA B A ARG T R T VCSEL B DA i [8) B ; 2) T & 18 B VCSEL ¥
O i B4 3R TSR A Jo 2 A A, 2 BT R OTE A% AR A AR U B 3) SR T AR TR R S e A A 4, S B
Xt VCSEL O i P 348 x5 0 41 174 5] Bsf 2 1 87 4k T VCSEL O 4% 3% 1 4 OG220 4) HF & 2B R
fLAL VCSEL SOt #% iy il 25 125, SE 3% VCSEL 4 558X 04 5] B o 2

JEHTE H AT FEHLIT I8 & ) VCSEL BUG a8 5 R B 28 58 UBCR 6 4k, iz vh B OB I 23 56 it 3%
ARATBRAAF], TE 2 i e 6] Py 7RG 25 DU B VOSEL G J 7=l Ak v 77 76 1) 8 52 1 — S50 55 DG B 1) i, ok
K 5 2 SO IR TR S SR i

BT R 5 OB ROR A G E IR BE IR R G i VOSEL BOL &% 8 bR A oK, EOoR il
795 nm/894 nm VCSEL ¥ ) #% (1 54 ) 33k 8] mW & ¢, 28 58 /K F 3k 5 MHz & 2%, 3 B B [ P 4b
795 nm/894 nm VCSEL SOt i iF 78 4 18 45 R 229 A BE 16 A% 1 L4k P2 W2 0 I 75 oK, IR e LT AT R IUI
B, THT 1) A% G FL AR BE AR 20K, B 21 A H e il BB D) R 2 mW A 894 nm VCSEL #UGAY , Rk Aot — 20
AL VCSEL WOLZ T8, ¥ I Fl , LA SCHE ) A 7 PR IR B R A e o WA i i 1o FH 37 357 00 4 28 )
BOANE BE B9 AW 32 71, 3 T 0% Dt 7 2 0 A 1R 8 0 R R o N — B R T 1], XX VCSEL UL &%
AR B 26 90K - 2R A 3 BRI BT, SR TR T Gl 25 K B A A5 R TR 4 V CSEL Ot 4% 2k 9 K F-
123 2 R R 1 B AE 5 4

ey Tk AR B H AT 3 VCSEL /Y EZ WS T5 0] o 7R BAT VCSEL &5 # Rl b >R A H ALY &7 BF &
6K E 2 AT LUK 3 VCSEL B T4 L 32 T+ 51 150 °C LR AR T 5 & 6 X 8L %8 7T UK 75 3 VCSEL 19 T4
i BZ AR TH 2 180 °C, il T B vy R A VCSEL WO A% W 5 275 1 5 bR 250 B IR . 38k, R 3R
T 20 45 # AR B 19 DBR W] LUA R A% 58 DBR Y HL B, AT LATE S0 4548 b i — 20 42 T ) ] 3 5

e 188 15 1 15 B B 28 20 X5 B A 2 R S W TRt o A DRy sk T R R B A e A A SR B R it T AR
VCSEL B85 AR T B8 BA 82 0F 58 3 S50 2 i 7 3D % 8% L A 3 2 B O T 38 45 ) il 1l 3 A R e 2l
3 il 5 ) VCSEL BOEH FF A B K8, A i VOSEL #OE 34 Rk B R T (i
S % Uk
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Development and Future of Vertical Cavity Surface Emitting Lasers
Operated at High Temperatures (Invited)

ZHANG Jianwei, NING Yonggiang, ZHANG Xing, ZHOU Yinli, CHEN Chao, WU Hao,
QIN Li, WANG Lijun

(State Key Laboratory of Luminescence and Applications, Changchun Institute of Optics, Fine Mechanics and
Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: The Vertical Cavity Surface Emitting Semiconductor Laser (VCSEL) has the unique
advantages of circular symmetricalspot morphology, two—dimensional integration, narrow spectral width
and small size et al. In particular, the wavelength of VCSEL laser is hardly changed with temperatures
(0.06 nm/°C) , also the output window of VCSEL has no Catastrophic Optical Mirror Damage (COMD) ,
and thus the VCSEL can behave excellent performance in the high temperature environment with strict
working temperature requirements. This paper mainly introduces the structure and operation principle of
VCSEL, and the temperature stability characteristics of laser cavity mode and gain is analyzed when the
VCSEL works at high temperatures. The alkali metal atomused in the precisequantum measurement can be
pumped by high—temperature operating VCSELs. And the development of VCSELs for this application is
introduced and reviewed. By adjusting the position of gain spectrum and the cavity mode of oscillation
cavity, the increase of power consumption of VCSEL at high temperatures can be effectively suppressed.
Through the integrated surface mode filter, the stable selection of the internal mode of VCSEL can be
realized. The internal mode and polarization of VCSEL laser can be controlled at the same time by using
the surface grating structure. The above reports have realized good performance of VCSEL at high
temperatures. In the future, using nanostructure or external cavity to compress the linewidth level of
VCSEL laser will be an important research field.

The demand for high—temperature and high—speed VCSEL laser is also reviewed. And this VCSEL is
mainly used in the datacenter, which is the basic for the 4G and 5G communications. As the huge energy
consumption in datacenter becomes a serious problem. High-temperature operating VCSELs may relieve
this problem. High—temperature and high—speed performance are the main research directions of VCSELs
used in the datacenter. Based on the commonVCSEL structure, the working temperature of high—speed
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VCSEL can be increased to 150 °C by using conventional quantum well. The operating temperature of high-
speed VCSEL can even be increased to 180 ‘C by using quantum dot active regions. VCSEL lasers with
higher rate at high temperature need to make a breakthrough in the structure of quantum dot materials. In
addition, using surface nanostructure instead of the existing DBR can effectively reduce the resistance of
the traditional VCSEL, and further improve the modulation rate of VCSEL at high temperatures.

Key words: Vertical cavity surface emitting lasers; High—temperature operation; Mode control; Atomic
sensors; Datacenter
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