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L o~ 29 BEE LA 02 insitu 4] 7153 EPISON ultrasonic monitorZ o]-&3}e]
TMin(trimethly-indium)®] 42 7] InGaAs, InGaAsP bulk o3&} 1.55um InGaAs/InGaAsP SMQW
(strained multi-quantum wellell W1X% F3E ZABIATE TMIn 23 AREEFe) 80%<M A3 4o
34 A4S ek TMIn 228 AHEFe] 80%01M FA3M &2 17 948 Mol TMIn &2 o]
oJat ou)Z2] BA WslE AR A3, bulk ol 39] A$oll= 22} 32 57| Al oll=] St vl
3led DCXRD(double crystal X-ray diffractometry) spectumell Al = 227} ¢F 300 arcsec = Ga-rich
usFo 2 o] E5}901 relative FWHME ¢} 2u 7} F718he 718 Hgivh SMQW F-ZollME bulk o7
Zgl= 2], PL SAGAIAME ¢ 40nm A= SAEC R o|Fsllov, ¥ BalE oF 300 arcsecH =
Ga-rich H}E2.2 o) E3ledc}. 3125}, EPISON®] closed loop 71%5-S AR 7-$<ll= TMIn & ARggko]

95%NMN = )2 F2)7h +100 arcsecol e} ABA Sl oulF Aol FPsshehe A & 5 Uitk

Abstract — We investigated the effect of TMIn (trimethly-indium) source depletion on InGaAs, InGaAsP and
1.55 um InGaAs/InGaAsP SMQW by using EPISON ultrasonic monitor for measuring the concentration of
metalorganic/carrier gas mixtures. And the problems for the growth reproducibility in MOCVD was solved by
using an EPISON ultrasonic monitor with closed-loop mode under the condition of TMIn source depletion. The
saturation pressure of TMIn was dramatically decreased over consumption of 80%. In the case of bulk epilayer,
Up-shifting of 300 arcsec to Ga-rich direction and FWHM broadening by a factor of two in DCXRD spectrum
were observed due to the TMIn source depletion. In the case of SMQW, Up-shifting of 300 arcsec to Ga-rich
direction in DCXRD spectrum and blue-shift of 40 nm in PL spectrum were observed due to the TMIn source
depletion. However, good reproducibility (A® < & 100 arcsec) was achieved even the condition of 95% of TMIn
consumption, when we used the EPISON with closed-loop mode.
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Trimethyl-indium 4~

ZBAA 9 A SAE zHEA "o gides
MOCVD AleA P A¥e] ou]&& AAAIF]7]
&l IE £22% TMIn (trimethyl-indium), TMGa
(trimethyl-gallivm), TEGa (triethyl-gallium) 5} ARS-
3, V& A2AFX= PH, (phosphine), AsH; (arsine)
5ol AR 53] TMIn 2H5-25(10~20°CpellA
A o) B2, AAFHTMGa, TEGa)e|vt 7|AAl &
2 (PHs, AsHa)ell B3l & 317ke] FA)7} oS Az}
& Aoz AzEH (2,3).

agjrg, B A= InGaAs, InGaAsP 3|3
3} 1.55 um InGaAs/InGaAsP SMQW(strained multi-
quantum well) FFo|A TMIn®| A 317e] ulule]
st g AAAe w[AEe GEE ARG E=37,
EPISON®| closed loop 7|58 AHg3te] o 317F
M= A o5 F RS A =sht

2. MEH

E Ay A4¥ MOCVD #*+& AIXTRON
200/4 system2E $HuSH{ FFol™, gas foil
rotations- 3] Ho}. AARA-E LR 650°C, 43
48 100 mbar, -3 12500 scem A Zo]c}. of| 7] 3
9] AAE-S InGaAsPE 2~23 umh A Eo|™, InGaAs
E 36ummel). £ Ao AMSE AX2E S
TMInz} TMGael™, V&2 AsH; (10% diluted in
hydrogen)?} PH;& ARM-31%ich TMIn (Morton co.)y-
A2%8Fo] 50 g bubblers AR} Aulsre s oA
slod Fafol 100 g2 ARE31 0, TMGa> 2%
ko] 50¢4l bubbler® A&t B AlY Fqt
TMGa®] AHS-EFo] 30% °|3le] 22 TMGa®| &2 32
Zre) sk FAJBINAL, TMIn®] ARS-ERE 62~95%
oA Agsict 183, fU]ES Aae] 17 S
H4s)7) 98ked EPISON(Thomas swan co.YS TMIn
3} TMGa 42 2kl Axjsledvt, 23 10] EPISON
9] AkeE e}

EPISON- 717 E¥E9 $EF inline AefollA
228 4 9l= AH| 24, EPISON cells} controller®
FA=e] i} [3-5]. EPISON celk celld] 252 ¢
AsA §AA17]17] $13t heating filament$} platinum
Y e=d, azlx 713 E3E] 4 4 e
stainless steel chamber® TAJ=e] ¢Jv}. Stainless steel
chamber Wl F709) 338 transducer’} LA
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1% 1. Schematic diagram of EPISON
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1AL F1 EojA gled], & & ransducerl Al &
S5 BAAIE B2 F tansducerdl| M 2SS
ZAsle] wid el 4% A3 "o wiA
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v = JrxP/p

at

(nMO + ncarrier)RT/V

P/p =
(HMO X Myo + Dearrier X mcarrier)/V
_ RT
X Myg+ (1 - X) “Mearrier
n
x= MO (1)

Npvo + Dearrier

P : EPISON chamber W] total pressure
V : EPISON chamber Y]¢] total volume
T : EPISON chamber 2] 2%
p: &3 7 E’E
(metaloganic source®} carrier gas mixture)®] Y=
v : specific heat ratio (=C,/C,)
my; : molecular weight of i species
[MO = metalorganic source, carrier = carrier gas].
n;: mole of of i species
x : concentration of metal-organic source

I3 194 EXE], open loops AHEE ASollE
7154 ] FERF AR, closed loopE At
431& 7% EPISON celell M &43 w29 & T
Zro] deur] Ao FEF wmsle] FAT FEIt &
2 37ke] dofpr] A9 pERT ¥E 7§ control
algorithnre- %3 control systemellA] A& 3 R}
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A3 o] F71FE 22t W E flEA =
o A o= EA4E 971517 $1%4) DCXRD
(double crystal X-ray diffractometry)s} A& PL(photolu-
minescenceys A 3191t}
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% 2 EPISONE °]43}e] TMIn Aol u}&
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Fx7F FA Fashs s vepdald.

WA TMIn®| A 317do] of|m]32e] EAIH 3lo] ]3]
T AUE B 28l 54 HEAR] AN
¥ 1.55um InGaAs/nGaAsP SMQWT-EE AAs}
Aot [6]. PRS- 30 A InGaAsel™, AHL 100 A
InGaAsP (A =13 pm)°], SCH(seperate confinement
heterostructure) layer:= 1000 A InGaAsP(A = 1.1 pm)°)
oh GFAREL AdEEHol oF 1~15%Y 7% laser
diode®] E4do] 71 2 Zo2 o=iA gl [79]. &
13 23 30 AR SMQW T25 TAJslgl o,
19 4= PL¥ DCXRD SA4AHE vepligich
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Ga 2439 F71e} FAES A Ay A
2 Q7oA (7,101 213 4(b)¢] DCXRD &3
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X 1. Growth conditions of 1.55 um InGaAs/InGaAsP SMQW
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3@ 2. In-situ monitoring of concentration of TMIn flow
rate with closed-loop mode as a function of the consumption
of TMIn.
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8 3. 1.55 pm InGaAs/InGaAsP SMQW structure.
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TMIn flow(sccm)  Concentration(%) DCXRD PL TMIn
Epi No. Spliting  Strain A FWHM  AH< Loop
Sat  End - Sart End o e @) @m)  (meV) (%)
QW97195 343 343 0381 0381 —458 1.58 1544 48 62 Open
QW9840 343 343 0352 0349 ~160 0.55 1507 46 87.8 Open
QWO9S0E 386 390 0381 0381 -412 14 1542 9 88.4 Close
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%3 4. PL and DCXRD spectrum of 1.55um InGaAs/
InGaAsP SMQW; (a) PL, (b) DCXRD. The arrow represents
O order peak of SMQW in (b)
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X 2. Growth conditions of bulk InGaAs and InGaAsP epilayer. X, is In solid composition

TMIn flow Concentration

- (scem) N DCXRD PL ) 313\4%1% -
No. Start End Start End Splitting Relative A FWHM " %) P
(arcsec) FWHM  (nm) (meV)

QU98023 343 343 0.381 0.381 —65 1.1 1086 53 0.871 78.6 Open
QUIB046E 390 397 0.381 0.381 30 147 1093 45 0.858 90.7 Close
QU947 343 343 0349 0342 225 2 1082 50 0.848 91.2 Open
QU98024 343 343 0381 0.381 85 1.56 1301 55 0.713 79.3 Open
QUI9s044 343 343 0.351 0.347 355 3.33 1293 55 0.688 88.8 Open
QUISMMSE 387 395 0.381 0.381 170 233 1294 50 0.707 90.1 Close
TU98001 343 343 0.381 0.381 ~115 2.38 - - 0.539 66 Open
TU98053E 402 414 0.381 0.381 90 327 - - 0.537 94.8 Close
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& 5. PL and DCXRD spectrum of 1.1 um InGaAsP; (a)
PL, (b) DCXRD
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3| 6. PL and DCXRD spectrum of 1.3 tm InGaAsP ; (a)
PL, (b) DCXRD
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