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PACS: 68.55.ag, 81.15.Aa, 81.15.Gh, 77.55.Px
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Fig. 1. Simplified chamber model of the vertical MOCVD
reactor with multiple group III MO injectors.
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Table 1. Structure parameters of the EMCORE
D125 MOCVD chamber.
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Pl 2 TS MO BB AR X 1 S 2 5 FE
Fig. 2. Relative epitaxial layer thickness corresponding to

each MO injector.
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J& , I AN E H ) mapping TS, AT LR
WA AR B vy AR BT B A A, F1
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[ B AL AlygsGag gsAs W IRIEZ M EEE T, F5%8
Ly BT IRATIOC 0 A R A E 22 R B 34 50 1 g ) A
PG AT DL B AU T AT R (6a)—
(6d) 11, 45 R AT IR qin, cmia I aiou EFFE T —A
FHIF I R ng, XTI SIPER LA 5 RIE R &=
A

F2 FTHE S AL RIS RE R I A b

Table 2. Resonant cavity structure to determine the epi-

taxial layer thickness.

Name g JEEE
Alg 95Go 05As 1/4A
FDBR 10.5x
Alg5Go5As 1/4A
Cavity Al 95Go.05As A
Al 5Gg 5As 1/4\
FDBR 10x
Alj95GoosAs 1/4\

GaAs substrate

Bt 2 fr 9 2544, FFH EMCORE D125
MOCVD #47 T AR B SR E A K. i T AT R T
I EAEN 12.5 cm, FHEH T 4 in WK (HAEZ
10.1 cm), FFRE AT IR E THEEA L. SME i
AR A 4l b 5 i R 2l Hy, V RTR 2 = 4l
AsH,, III JEJR f& TMGa fil TMAL % 3 51 T 4t
T HMESEL, scem FonBEIEPFRfEZ T

# 3 HMBRINES KL
Table 3. Typical epitaxial parameters.

H, AsHy  V/II W F#E SEEEK
/sccm /scem ratio /C  /Pa  FH/(rm™)

20000 100 60—100 600 8000 1000

TERREAR T, My, Myq 1 M, 53 9 55 F
275.5, 123.2 Fll 1101.3 mL/min B}, #p2E A4 K T
Bragg cavity#20-2. 4} %t 2% K J5 , F| H Philip
PLM100 FYEIEIRXTANE R 647 T S 53 ()l 3.
&l 3(a) J& i o s B B R A 2R, f ]
T 2 mT LIRS 8 15 21 s B Kl 653.5 nm. i#F—
He Xt B AN SN GE R gk AT 5 3 A9 mapping 3R
mapping (23 [E] 25K K 2.5 mm, S FIME &
SRR, 45 BRTER 3(b) XA A4S |,
H T mapping 5 K/, B H B R /INTT 8RN H
R, ONILE 3(c) i T B & SIBALE K WG
g Gt R, B RGN, kR T A E
R GMEE 5 mm (EE. BRI, K E 3
R EARBARSIAE T 4, N A5 A AEIE K /)
S, 5T 657.9 nm, o5& N\ AR HENR 2, 5T
3.7 nm. o /N, N I SIVER LY KA SIPER
SR o /AN, FHEH 0.6%. A (10%) FErm Br
A H 10% MBS NF A, (10%), 11
e (90%) Frm A IS A 90% BRI 4 /)N
F A (90%). Ao (90%)—A, (10%) /N, BEHH A,
Ry 15 ) — B

%4 WEISESE

Table 4. Typical epitaxial parameters.

Bragg Bragg Bragg
cavity cavity cavity
#20-2 #22 #23

M;,/scem 275.5 281.3 281.3
MO
I}I‘?ﬂg M,4/sccm 123.2 125.8 125.8
M,y /scem 1101.3  1092.9  1092.9
X /nm 657.9 6819 6519
Js A o/nm 3.7 1.52 1.03
BB mity/% 0.6 0.2 0.2
mapping
Ll A(10%) /nm 653 681 651

A.(90%) /nm 663 683 653
o;,/(nm-scem ™) 0.891 0917 0.870
4 Oomie/(nmscem™) 1868 1.908  1.839
4k . .
4 O/ (nmescem™)  0.165 0174 0.165
hyg/mm 30.448  30.748  30.630

FRPEE 3 B9 mapping W45, VK 3(b) Hi
SKEFRAR W], MAME 5 G s O TR, 3 AR
FEASE 1 N, IR LA Rk S E J2 TR A A,
{5 T ARA T REL (6a)—(6¢), LA KM AT 4558 1
Bl 4 prs. s AR S ES LA E ¢ AR
I, R R A 25 T A T4 MO IR B X A 4k
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Fig. 3. Reflective spectrum results of Bragg cavity#20-2: (a) Reflective spectrum at wafer center point; (b) mapping results of the

cavity wavelength; (c) statistic results of the cavity wavelength for the whole wafer.

SRR TTRR. G S cin s amia s out FT B HY
BARBUESIE T3 4 b, sd st R h8ds ol AL, s
M mid (9 MO PR A9 FH AR S, T O 28 W
out, 19 MO Y Y I FH 28 A BRI 225 8 Ul B Y
B, SEBR BN E Y MO 5 B BB A IS HE 25 1Y R 2
2920 70 mm, T FH 7 K TR R U545 31 B9 AF 5K
T hege A 30.45 mm. XEM T hg SHE T A

700

600

‘ —— Fitting
out ~  Experiment

500

400

300

200

100

Epitaxial layer thickness/nm

15 20 25 30 35 40 45

r/mm

5 10

Bl 4 Bragg cavty#20-2 ¥ i R & 245
Fig. 4. Thickness fitting results of Bragg cavty#20-2.

5 MOCVD KBS EZ KR 520, QR | Tk
T3 AL VI L, DR 5

4 MU BEEH M

MG 2 4, Bragg cavity#20-2 1Y J& & £ 5] P
KET 0.6%, XFF 5\ 1 i & H LD 3¢ LED 3k
b, XA SIS R R, B, H
A(90%) 5 X (10%) BY2£4 10 nm, XX T VCSEL
8¢ RCLED X Ff: 1) 3 FL B4R Jis #5145 Ul 2 AN g2
Z . PR R IRIE AR RO R R e T
TR S 1) J22 5, T2 )23 T B T AN 389 50 4 15 i i SR
I, A=A . I, AT A AR A E 2 R
FE ST

IR

YRS 3 507 IS R ain s g, touc I
heg 2055, SR ANE R R R T RER ST, 7
SV My, My Rl My, B 145 AR 5T

4.1

046801-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 73, No. 4 (2024) 046801

A L8 1) 22 0/ N, R
N
F (Mina Mmida Mout) = Z (tj - f)2 = MINa (11)
j=1
K, MIN 2R My, Mg B M, 09 EUE R {15
F R/, t; =t (r) 2y AAMER YRR (5
1, 2, -, N, NJEAME R E B RUGEELD), § 250
SERIO TR, 454 (3a) sLAT7E

N

1

=Dt () (13¢)
=1

Eﬂﬂ%ﬁé ]Wina Mnid ﬂ] Mout E"Jﬂ*ﬁquj, m‘mféz
AT ) S AN, B

Min + Mia + Mow = M7, (14)

Horb S My & — 580 ¥ Min T Moo VE RS

%, U‘»'J Mo = Mt — Min — Mniq - JH:, (11) iﬁ%ﬁf

I _ _ SRULTF T R AR
=x Dty = Minoinlf & Muigormial '™ OF (Min, Minia) _
i1 B ——
] OMin | (15)
+ Mououty™, (12) OF (Min, Miia) _ 0
H EP, a]\/[mid '
L ¥ (11) KA (15) K, et b Ay, vl ik
=Dty (), (132) BT M Fl Mg OGN )7 AL
=1
’ a1l a2 M; [ a (16)
g L al mid az  aze Mimia e )
tg - N Z tg (T]) ) (133‘)
i=1 Kb, BRI H
\
N o 1 N o .
an=a2y [tg (r;) — tg] — ot 3 [1 () — 7] [tg (r;) — tlgn] , (17a)
i=1 =
N N
ar2 = aaain > [6299 () — 1579 ] [80 (1) = 8] = couerin D [t () — 8] [80 () — 73], (17b)
Jj=1 j=1
N N
(21 = OmidQin Z [t[;id (rj) — tg’id} [ti; (rj) — tig“] — QloutOmid Z [tg“t (rj) — @ [tg’id (rj) — tfg“id} , (17¢)
j=1 j=1
N A _ 42 N . _
a2y = g Z [témd (rj) — tgmld:l — QoutOtmid Z [te" (ry) — 3] [trgmd (rj) — tfgmd} ; (17d)
Jj=1 j=1
N
e1 = —Mragai Y [12" (r;) — 229] [tign (r;) — g} : (17¢)
j=1
N
Cy = —Mrouomia ¥ [t (r;) — 195 [ttgnid (rj) — tgﬁd} : (17f)
j=1

4%‘ EI:U\ %Z/%ﬁ Qin y, Omid , Qout ﬂE[] hcff 'fﬁAﬁ*ﬁ
(172)—(17f) X, F=RfE (16) =X, RIATA3 2L
= MO IEBEME S My, Mg T Moy,

4.2 KRR

FHF Bragg cavity#20-2 LA SEL i, omid
Qout ;Fn hcff7 )I%‘E:/\ MO ‘]E': HEPH% B(J 4%'\ ?}tﬁ:% IE] %j‘j

|
1500 scem, HR¥E 4.1 97 A PLALBEIE , 45 2% T
My, Mg Bl My R AL (B 53000 281.3, 125.8
1092.9 scem, JFAMEA K T 5 Bragg cavity#:20-2
ZEMIMIRI B9 Bragg cavity#22, SSTi% ) mapping
ML RN 5 s, RS e s W) 7
T34, 5 Bragg cavity#20-2 L8153, Bragg
cavity#22 [ 7 3 B3 K B 657.9 nm 3 fin 2|

046801-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B =% R Acta Phys. Sin.

Vol. 73, No. 4 (2024) 046801

Bin size is 1.00 nm

670
100 A
80 A g 675
=]
<
£ 60 e
g £ 680
> °
40 A 2
= 685
20 A
0+ v T T v T 690 L L ’ L t
0 20 40 60 80 100 0 10 20 30 40 50 60
z/mm Ratio/%
Wavelength Average (0): 681.89 (1.52) nm Median: 682.00 nm Intensity Under []0.3%
Uniformity: 0.2% 10% 681.00 nm Over [10%

90%

Laser: white

683.00 nm Threshold Below Il 0%

Above [l 0.1%
Outside radius (45 mm) [ 13.6% of valid data

[l 5 Bragg cavity#22 Ff i 1 S 5k 45 R

(a) HEASEE K 1 mapping £553%; (b) #EANHME BRI K 1 S 145 3

Fig. 5. Reflective spectrum results of Bragg cavity#22: (a) Mapping results of the cavity wavelength; (b) statistic results of the

cavity wavelength for the whole wafer.
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Fig. 6. Reflective spectrum results of Bragg cavity#23: (a) Mapping results of the cavity wavelength; (b) statistic results of the

cavity wavelength for the whole wafer.
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Optimization theory and application of epitaxial layer
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Abstract

Metal organic chemical vapor deposition (MOCVD) is a key means of epitaxy of heterojunction
semiconductor material, the uniformity of its epitaxial layer thickness will directly affect the yield of the
product, especially the vertical cavity surface emitting device, which has a higher requirement for thickness
uniformity. For the multi-MO nozzle vertical reaction cavity MOCVD, this paper combines theory and
experiment to give an effective method of improving the epitaxial layer thickness uniformity through adjusting
the flow rate of each MO nozzle. Firstly, each MO source nozzle is equivalent to an evaporation surface source,
and an equivalent height is introduced to cover the relevant epitaxial parameters of MOCVD and the
quantitative relationship between the epitaxial layer thickness and the flow rate of each MO source nozzle is
established by taking three MO source nozzles as an example. After that, the model parameters are extracted
by fitting through the least squares method based on the experimentally measured epitaxial layer thickness
distribution results. Finally, based on the extracted model parameters, a method to optimize the epitaxial layer
thickness uniformity is given. Accordingly, the AlGaAs resonant cavity structure, which is easy to accurately
test the epitaxial layer thickness, is designed and epitaxially grown by using the EMCORE D125 MOCVD
system. The statistical results of the mapping reflection spectra of the 4-inch epitaxial wafers are that the
average wavelength of the cavity mode is 651.89 nm, with a standard deviation of 1.03 nm, and thickness
uniformity of 0.16% is achieved. At the same time, epitaxial growth of GalnP quantum well structure, 4-inch
epitaxial wafers mapping photoluminescence spectrum statistics for the average peak wavelength of 653.3 nm,
the standard deviation of only 0.46 nm, and peak wavelength uniformity of 0.07% are achieved. Both the
wavelength uniformity of cavity mode and the peak wavelength uniformity of quantum well fully meet the
requirements of vertical cavity surface emitting device. The method of adjusting epitaxial layer thickness
uniformity proposed in this paper is simple, effective, and fast, and it can be further extended to vertical

reaction cavity MOCVD systems with more than four MO nozzles.

Keywords: epitaxial growth, least-squares fitting, thin-film uniformity, metal organic chemical vapor

deposition
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