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Effects of Moisture Impurities in NH; Gas on Nitride-Semiconductor Films Grown
by Metal Organic Vapor Phase Epitaxy
- Establishment of On-Site Analysis Technology and Usefulness of NH; Gas Purification System -
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Taiyo Nippon Sanso has been developping nitride-semiconductor related technolo-
gies, such as, Metal Organic Vapor Phase Epitaxy (MOVPE) , purification technology
of NH; gas and analysis techniques for trace impurities in NH; gas. In this report, we
have shown that trace moisture in piping process affected the property of nitride semi-
conductor films grown by MOVPE as well as moisture contained in NH; gas cylinder.

We established On-Site analysis technique of trace moisture in NH; gas with detec-
tion limit of 10ppb using cavity ringdown laser analyzer, which was equipped up-
stream of the reactor. As a result, we found that oxygen from moisture was selective-
ly incorporated in InGaN well layer of multi quantum well layers of LED structure.

As H,0 concentration in NH; gas increases, electroluminscence intensity de-
creased. Prior to this experiment, we have tested NH; gas purifier and confirmed
that 2.5ppm H,0 in input NH; gas was removed to less than 10ppb. And also, elec-
troluminescence intensity of the LED sample using the purifier was on the same
order of strength of those using high purity NH; gas (H,0<10ppb) . As a result, we
have shown that stable quality of NH; gas can be supplied by using the purifier with
regardless to the variation of moisture concentration in in-put NH; gas source.
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Fig. 1 Experimental schematic diagram of film growth.
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Fig. 2 Response of H.0 concentration in NHs gas.
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Fig. 3 Calibration curve at H2O in NHs.
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Fig. 4 Fluctuation of H.0 concentration when changing
purge gases (N2 < NHs).

5. RUBEETHlAER

5.1 FHMEEIC DT
Table 1IZR3ED
#Lkﬁ

, FHA DOREFEC DUV TRkl 2 52
ATl LED B 3515 % NH, H Ak
DRBEPFBRERIC OV THMZIRNRS, G, FHl
Cuéf'z“)“(ﬁuﬂW) CRDS % T MOVPE Z:&E E5F D
NH, H AR DIK M RERHERFE=2Y >V U,
Fig.51ci&, ZRFEAM I W7z LED #3872 7R U 7z,
LED #i&IC B B afiiseft & LT, i/ Ny 77—



KiaHEEERER No.26 (2007)

J& (LTBL), MU n-GaN JE% KT 2 B3k O
mziiHe, HWITKDPIEEN 10ppb LA TH % NH,
HAZMIG UTee KRN Z ERE 7H 7 (MQW)
J& & 0 FTE DK (12.5~ 2500 ppb) ICFREIL,
p-GaN EDREME 79 % £ C/KITRINZ ik LTz,

p-GaN (Mg doped) [126nm]

(qddoosz~5°T1)
O™ 03 PPV

Neo-d 03 WO woly

Fig. 5 Structure of LED.
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Fig. 6 Relationship between H.0O concentration in NHs
gas and intensity of electroluminescence.
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Fig. 7 SIMS depth profile in oxygen of LED by various
NHs gas condition.
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Fig. 8 Relationship between H:0 concentration in NH;
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Table 2 Results in other kind of GaN films.

Sample
Layer

Experiment result outline

[Comparison conditions]
Add to 3000 ppb H,0 in NH,4
(a) Add to H,0 in the initial stage of growth
(b) Add to H,0 in the half of finish of growth
(2.2pm)
[Result |
(SIMS analysis (O, C, Si, H))
No difference between (a) and (b) .
(Carrier concentration )
The carrier conc. of (a) is higher than that
of (b).
(Sheet resistance)
Sheet resistance of (a) is lower than that of
®) .
*H,0 is supposed to influence on the process
of the initial stage of growth.
(Three-dimensional growth)

ud-GaN
(4.4 pm)

[Comparison conditions]

Add to H,0 3300 ppb in NH,4

(a) Bypass NH; gas purifier

(b) Pass through NH; gas purifier

[Result |

(a) H,0 is taken in as oxygen at the boundary
layer.

(b) Not influenced.

*H,0 inclusion is extremely inefficient.

AlGaN
/ud-GaN
(2-layer

structure)

[Comparison conditions]
Add to H,0 in p-GaN layer
p-GaN (a) H,0 100 ppb in NHy

(0.8pm)  (b) H,0 1000 ppb in NH,
/ud-GaN  [Result |
(3.0pm)  (Carrier conc., Sheet resistance, Mobility,
SIMS analysis (0,C,Si,H))
There is no difference between (a) and (b) .
[Comparison conditions]]
Film of 3-cycles of 3-layer structure
p-GaN 1 cycle : Not add to H,0 .
/5-AlGaN 2 cycle : Add to H,0 100 ppb in NH,
P 3 cycle : Add to H,0 1000 ppb in NH,
/ud-GaN .
(a) Bypass NH; gas purifier
(3-layer (b) Pass through NHj; gas purifier
structure) & s85P

[Result |
(SIMS analysis (0,C,Si,H))
There is no difference between (a) and (b) .
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Fig. 10 Comparison of oxygen concentration in LED
structure between NHs gas purifier and bypass NHs gas
purifier.
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