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Abstract: Semiconductor lasers emitting at 852 nm are essential light sources for cesium-based atomic sys-
tems because their wavelength is resonant with the Cs D, transition. They support cesium atomic clocks,
quantum sensing, cold-atom manipulation, and precision spectroscopy. This review addresses the need
for a systematic assessment of 852 nm laser technologies by summarizing recent advances in quantum-well
material systems, device architectures, performance optimization, and engineering applications. The de-
velopment of AlGaAs/GaAs, aluminum-free InGaAsP/GaAs, and InAlGaAs/GaAs active-region plat-
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forms is first reviewed. The effects of material design on carrier confinement, facet reliability, thermal sta-
bility, and electro-optical conversion efficiency are analyzed. Major device configurations—including verti-
cal-cavity surface-emitting lasers, distributed-feedback lasers, external-cavity diode lasers, vertical exter-
nal-cavity surface-emitting lasers, and high-power edge-emitting lasers-are then evaluated according to
their structural characteristics and performance metrics. Their relative capabilities in linewidth, output
power, slope efficiency, single-mode stability, and system-level integration are compared. Commercial
852 nm semiconductor laser products are further assessed from an application-oriented perspective. Current do-
mestic activities are concentrated primarily on product distribution, module packaging, and system integration,
whereas core laser chips and gain chips remain largely dependent on overseas suppliers. Future development
should prioritize narrower linewidths, higher output power, improved electro-optical efficiency, wider operat-
ing-temperature ranges, enhanced reliability, and chip-scale integration. These advances are expected to sup-
port next-generation cesium atomic clocks and quantum precision-measurement systems.

Key words: semiconductor lasers; quantum well structure; core performance metrics; cesium atomic
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Fig.1 Edge-emitting lasers and surface-emitting lasers
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Fig.9 Schematic diagram of aluminum-free SCH-SQW
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(a) Schematic diagram of GaAsP/
InAlGaAs structure

(b) llustration of standard growth procedure

R
(c) Schematic of growth interruption process within
GaAsP/InAlGaAs quantum well (QW)24

110 GaAsP/InAlGaAs 45 H) Jo K
Fig. 10  Structure and growth of GaAsP/InAlGaAs™"
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(a) /> ELDBRAE PAfi S T EUL ZY R InAlGaAs VCSELEE 7~ B ]
(a) Schematic cross-section of an oxide-confined InAlGaAs VCSEL

with dielectric DBRs and intra-cavity contacts
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(b) VCSELFI#H.F TAH B
(b) Scanning electron microscopy (SEM) image of the VCSEL?"!

F11 T InAlGaAs &7 BF i 4 A X VCSEL
Fig. 11 InAlGaAs quantum well-based intracavity contact VCSEL
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Fig. 12 Experimental setup for Cs 852 nm Voigt laser'™’
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Fig. 13 Research progress on types and performance of 852 nm semiconductor laser devices
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(a) Schematic diagram of coupling cavity VECSELP?!
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(b) Schematic diagram of three mirror VCSELP®!
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Fig. 14 VECSEL design concept of Sandia laboratory
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Fig. 15 Three-dimensional illustration of MCC-VCSELs""
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3.2 852 nm DFB 2%

DFB #0O% %% /2 529 852 nm FLAi A5 4 T8
FROEH M S — R EERKL . 538 Fabry-Pe-
rot 1 & 51 #OG#E A L, DFB 0% 28 76 4 I8 1X 5§
2T B 3 LA T B A R A A 38 i o A XU
T S B AL 5k 5, PRI TG B 98 78 TCAMIE 25 1R T 3K 4%
BAYNBLER | ST RN AL AR 2R BE . X T
T BhHURS BT RS, DFB #OL R 2
BN E RYE 0 TR R 400 288
FH,

2004 4F , Krakowski % R T H T Cs Ji T
R 852 nm LA A R IX DFB O AE . iz #hF
K H InGaAsP/GaAs oA W X i, BT Al
A8 AR AH S 1% 3 187 3B Ak AN AT SR M R A, 9 DFB
JEAME S BB Y . 2240 °C .20 mW &1 F 64
A S R R SOt P g . 25 CF 1
R A 2245 28 55 R 215 kHz (A8 22 00 &) 55
330 kHz( @ #4845 ) , 40 “C R £ 55 49 260 kHz; i1
B EE AR 4% 5 T 40 dB, A b ks I K RS N T
0. 12 nm, #fE W7 %5 fiv 8 1 50 J7 /NeE, B0 40 3 1 pr
N EEREW], LM AR5 DFB 45454,
AL ] S B MHz 75 28 98 Fl s SMISR, 1 H B
A K AT FE M R RS B R R = ARG
I 4 K w55

#1 ZW 64 AF6AAR/HR DFBHBHETME"
Tab.1 Linewidth characterization of six AR/HR DFB la-

ser diodes following 6-month aging test'™”’

Beat width/ Av white

Laser ) Av 1/fkHz
kHz noise/kHz
1 520 260 268
2 600 300 424
3 600 300 424
4 650 325 460
5 550 275 389
6 700 350 495

DFB #811 BE 42 T+ 1Y OGS 7E T M R AR
WA G R =z 1) 1 B Rl AE . 2004 4, Alcatel
Thales -V 5C 5 % [ 48 852 nm DFB # % 4 I
JEH R HHF 5 A, SR F InGaAsP/GaAs Jo 44
AR IX AR B BE R GalnP KOG 27 i 45 44, 1T
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Fig. 18 SEM image of lateral DFB grating""”’
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Fig. 19 Experimental setup of home-built 852 nm IF-
ECDL™
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Fig. 20 Power-current characteristic curves of Al-free la-

sers!?!
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(a) P-1I-U characteristics of laser with a 100 um ridge width
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(b) P-I-U characteristics of laser with a 16 um ridge width!*4
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Fig.21 Laser P-I-U comparison curves
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(a) Schematic diagram of 852 nm semiconductor laser structure
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Fig. 22 Schematic diagram of tapered and ridge-stripe la-

ser structures™”’
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Fig. 23 Structure and output spectrum of 852 nm semiconductor laser
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Tab.2 Performance of commercial 852 nm semiconductor laser

) 2R 55/ I‘ﬁg lﬁﬂ‘{ﬁ &/
AR LU WK /nm HigE/  HLR/
’ mA mA

WaveSpectrum WSLD-850-300m-1-PD 850 li 520 140 300
Laser Inc. WSLD-850-500m-2-PD 850 li 890 220 500
PL-DFB-852-C-1-PA-14BF 852 <2 120 20 30

B LD-PD PL-VCSEL-0852-0-A81-T046 85241 15 li 0.5 1
PTE. LTD. PL-NL-852-A-A81-PA-PZT 852 1 li li 10
PL-NL-852-A-A81-PA 852 1 li li 10

DFB 2 & HOG &% 852 <1 200 100/150

EYP-DFB-0852-00050-1500-BF Y 02-0000 852 2 li 70 55
i [# Toptica EYP-DFB-0852-00100-1500-BF W01-0002 852 2 li 70 110
Eagleyard EYP-DFB-0852-00050-1500-BF Y 02-0002 852 2 li 70 55
EYP-DFB-0852-00100-1500-BFW01-0005 852 0.6 /i 70 110
EYP-ECL-0852-00080-1500-BF W01-0005 852 0.1 fi 70 100
% [ Photodigm Series DBR Laser Diode / PH852DBR 852.34740.6 0.5 350 50 240
% [ Thorlabs DBR852PN 852 1 300 50 24
f8 [ nanoplus 830 - 920 nm DFB £7%1], /] & % 852 nm / Cs D, 852 <1 li 35 100
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NI T, 45 - 852 nm I BE 2 SR EOE IR0 5% oF 2351

5 A B BE R P 38 TG M A A R TR A BT, L) WD A
AN TR B A 852 nm 2 T AR SO0 7% 7 4 5 RS %
i N O TR AL 2R e v 1A Y L.

F 2 20] UL, YRy A B 2 A 852 nm Al
SRk BEP AR FOE AR SO AR R 2 R 2
PO R 458 4y )2 . WaveSpectrum Laser
Inc. /9 850 nm 31 % 55 ¥#0O6 A 8 i 1 D) AT ik
300~500 mW , 15 B Ty 5 A 22 S (RO 453 76 & 2
A T T EL AT A B (R e P O E T A%
XF R 852 nm 4 i D, 4k, H R PR A L5 S
B, B T IE A AR R AR U B T R AR S
%A EL B AR N A5 4 B8 O IR AT LK .
LD-PD PTE. LTD. 9 852 nm VCSEL = i
fEH ALK 0.5 mA K 2R 1 mW, (K3
VCSEL % 5 {8 I T #& F1 /N 2Lk £ 34, 38 A
AU S 0 AR BRI D #E R 46 5 B 2k
Yi 4 15 MHz it 2y 5 B, Mk DLW R ) o
ol e AR AR R N T R . R, TR i R
OF a5 A A1 VCSEL 23 5 R 1 5 Iy & 5 i 7 A
AR ARE/NELAL T PSR B 2, AR S R R
F 5 S W A

DFB #il DBR /& 24 fiif 852 nm pj FH #0452 &
RO B E B, DFB #0O6 #5388 i 43 i
ST OGN S A e #F e B 450 B iE B
ORI AR AR UM R 4 4 AR . R h LD-PD PTE.
LTD. iy PL-DFB-852-C-1-PA-14BF £ 55 /) T 2
MHz . % i 5 % 2 30 mW , Toptica Eagleyard )
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pumped cesium beam atomic clock based on high-

stability lasers'™’
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