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Abstract Results from PL and Raman spectroscopic analyses of HPHT (high-pressure high-temperature) treated 
diamonds are presented, and these spectral characteristics are compared with those of untreated diamonds of sim
and type. We identify a number of significant changes by 325 nm He/Cd laser excitation. Several peaks are 
completely, including H4, H3 system in HPHT treated diamond. The N3 system, however, increased in emission. A
can find the behaviour of the nitrogen-vacancy related center N-V centers at 575 and 637.1 nm, as observed with
Ar ion laser excitation. When these centers are present, the FWHM (full width at half maximum) of 637.1 nm lumine
intensities offers a potential means of separating HPHT-treated from untreated typeIIa diamonds. The width of 6
(N-V)− line measured at the position of half the peak’s height are determine to range from 19.8 to 32.1 cm−1 for HPHT
treated diamonds.
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� � HPHT(����) ��� type IIa ��	
�� 
�
� ��� �����. ��� HPHT ��� ��	
�
spectrum� ��� �� ��� color� type� �  ��!" #$ ��	
�� %&'(�. 325 nm)* +,� He/Cd
laser-. HPHT ��� ��	
�� ��!" #$ ��	
�) /0� 12� 34� 5 6 3�.7 �. HPHT ��
� ��	
�� spectrum)* H3, H4) 89� peak� :;!� N3 system) 89� peak� emission� <�=� >+ ?
��. @� 514 nm)* +,� Ar-ion laser- AB� spectrum$ 575 nm� 637.1 nm)* Nitrogen� vacancy� 89!C3
. N-V center� DE !�.7 �F� center� GH'� 3� IJ 637.1 nm� FWHM� K$ HPHT ��� ��	
�
� ��!" #$ ��	
�� L
M 6 34� >+?��. N OP)* AB� HPHT ��� ��	
�� 637.1 nm
(N-V)−

� FWHM K$ 19.8 cm−1
)* 32.1 cm−1

(�.

1. � �

�� 1999� 3� GE(General Electric)��� brownish

color� type IIa	 
��
�� HPHT(High Pressure-

High Temperature) ��� �� colorless �� near

colorless 
��
�� ����� ��� ��[1, 2]�

� � Sweden, China, Russia, India, Korea ! "#

$%� &��� HPHT '(� )� brownish color�

type IIa 
��
�� colorless �� near colorless�

���* + ,� -./� 01� 23� 456 ,


[3]. �7� -.(HPHT)8 98 : ;�� <�= >8

?&	 >8 @/� �� AB5,� C(DE[4]� F

� brownish color� G�H I 
��
�� FJK3

� 
� HPHT ��(70~80 Kbar, 2000~2200oC, 3~4

hrs)� L3� F�, DE(lattice)G 
� MNO(recon-

figuration) PQ� brownish colorG RS�TU VS6
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colorless(color grade : D, E, F) �� near colorless(color

grade : G, H, I) 
��
�� WX(decoloration)�Y

XZ� �[��� '(�
[5-7].

\]K3� GE� ��� HPHT ��I 
��
��

T^ Q� GE POL�_� laser $F� PS ,- `a

� 0bc def�U gh(loupe) i3� jH kl�

Gmn
. o7U $FPS,� 9� (&G pq V


� �r� �c� st ur� T� R� Mvwnx $

FI yl� zT�{� fq ��I 
��
�_� �

r� |} ~ T�� + ,3�, GE	 �� -� ��

� 45�� �8 ��� ��P�� fq�� ��I


��
�� �-n� ��3� F� ��I �r� |

} ~ T�G �gS� Gm�� >H P�
. ���,

HPHT ��I 
��
�� ��� $F� ��3� F

� �-� + ,� 
��
� 1) �<� ��� �-

J� "# 1+� �(�' �	 ��I vk -���

��� vkG �gS�� ,
. � �(� lbvkr

��� �� ����- J� 325 nm�� x-(excita-

tion)I He-Cd laser� �cnx PL(Photoluminescence)

spectrum� ��� vk �  3� �� ¡¢3� 514

nm�� x-I Ar-ion laser[8]� �cnx ��I 


��
�	 ��P� �8 
��
�� ��� �& n

£
.

2. �� ��

� r¤��� 
¥� st�(0.35~8.33 ct) round

brilliant cut� type IIa ¦v color� 
��
�	 HPHT

��I diamond(35�), �bZ§� 
��
�(0.69~1.60

ct) 6�(untreated diamond : 2�, HPHT treated di-

amond : 4�)� ¨(n£
.

Infrared ©ª� spectrum� ¨(n- J� Perkin

Elmer� Spectrum One(resolution; 4.00 cm−1, beamsplit-

ter; OptKBr)� �cn£�, 5000~450 cm−1 ©ª� ¨(

n£
.

Raman spectrum� «- J� CCD detector	 Ar-ion

514.5 nm(19435 cm−1) laser� <¬� Renishaw 1000

Raman spectrometer� �c[9]n£3� $$� 
��


�� ¨(n- ­� reference 
��
�� �cnx

1332 cm−1 peak� calibrate n£
. ¨(® 
��
�

� table plane(100)� gem cloth� �cnx ¯°� ±

� ²3�� grease �l� ³�,� �&´ n£3�,

table plane� (µ� ¨(� J� 
��
�� BlutackR

� ¶8 ·$� �cnx �( �{
. BlutackR� �c

� cuttingI 
��
�� ¨(n�E n� yJ� j

H ¨(® + ,�3� �� F� ¸¹�(fluorescence)

& ºMn� �»
. Laser beam8 X50 magnification

lens(f.l. = 8 mm)� �cnx table� focus� ¼½�3�

$ stone¾ ¨(�=8 ¿ 40l ��
. Laser power�

50 mW� n£3� low temperature(93 K)�� $$

1500~4500 cm−1 ©ª� ¨(n£
.

PL spectrum� «- J� He-Cd 325 nm(30771−1cm−1)

laser� <¬� SPEX 1403� �cn£
. Laser power

� 55 mW� n£� low temperature(93 K)�� 320~

900 nm ©ª� ¨(n£
.

3. �� 	 
�

3.1. 
��
� type


��
�� ÀÁÂ(impurity)[10]� L1t� Ã_

ÄH type I' type II� UÅ
. �Æ(Nitrogen) �E�

ÀÁÂ� G�� ,� 
��
�� type I, �Æ� À

ÁÂ� G�� ,� �TU ºMnÇ_& o L1t�

È� K8 
��
�� type II� UÅ
. Type I 
�

�
�� ÀÁÂ� ^S,� �Æ �E� NÉ ¸§�

Ã_ type Ia	 type Ib� UÊS ��Ë type Ia 
��


�� �Æ �EG oÌ3� ºMn� ,3� type Ib


��
�� �Æ �EG $$ �ÍI ¸§� ºMn�

,
. o�� type Ia 
��
�� �Æ �E� � Î

3� G�� ,� A ÏÐÑ(aggregate)F type IaA	 4

�� �Æ �EG nU� ��� Ò7Ó� ,3� B Ï

ÐÑF type IaB� UÅ
. �� type II� ;n� 
�

�
�� ÔÆ(Boron) �E� 1Õ� Ã_ type IIa	

type IIb� UÊ�Ë, Æt� ÔÆ �E� G�� ,�


��
�� type IIb, ÔÆ �E� L1n� �8 
�

�
�� type IIa� lÖ�
. ��� 
��
�� �

Æ �E� L1t' ÔÆ �E� 1Õ� ��� x7 G

� type3� lÖG P�, �� K�[ l¹-� �cn

x kl� Gmn
[7, 11, 12].

HPHT ��PS WXI 
��
�� ×yl� type

IIa 
��
�
� 0� I ¡ ,
[1, 3, 7, 9]. Ã_�

� r¤�� vkI HPHT ��I 
��
�� FT-IR

� �cnx K�[(infrared)©ª� spectrum� ¨(n

x �� ×� �r� ØF n£3� �� ��P� �8


��
�	 ��I 
��
�� spectrum� ÙÚnx

0»
. �� Fig. 1�� UÛ��
. Fig. 1��	 Ü�

×yl� HPHT ��I 
��
�� �Æ� Lt� È

� KTU T� R�(1500~1000 cm−1) type IIa 
��


�£3�, ��P� �8 
��
�	 HPHT ��I


��
�� IR spectrum8 Ý�� Þ�G R�� Ø

Fn£
.
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ia-
r
3.2. He/Cd laser (325 nm)

3.2.1. HPHT ��P� �8 
��
�

Fig. 2� 325 nm(30771 cm−1) excitation laser� �c

nx low temperature�� ¨(� ��P� �8 ¦v

XZ� Gß 
��
�� PL spectrum�
. Fig. 2�

A spectrum8 D color grade, B spectrum8 F color

grade, C spectrum8 G color grade(GIA color grade

-�)� 
��
�� ¨(� 2�
. � r¤�� ¨(

I 
��
�� ×yl� first Raman peakG 337 nm,

second Raman peak� 350 nm�� UÛà�Ë, �� 


��
� DE� �� laser á� Ùâ� ã�(inelastic

scattering)� C'�
[13]. ��H z�I Raman peak

� -�3� � r¤�� ¨(I 
¥� color grade�

Gß 
��
�� Z×KF intensity� ÙÚ® + ,�


. 400~460 nm��� N3(3�� �Æ� � �� ��

3� �gSß CL) peakG 490~550 nm��� H3(2

�� �Æ	 1�� ��3� �gSß CL)	 H4(4�

� �Æ	 2�� ��3� �gSß CL) peakG äå

P�
.

3.2.2. HPHT ��I 
��
�

HPHT ��I 
��
�� 325 nm(30771 cm−1) ex-

citation laser� �cnx low temperature�� ¨(�

spectra� Fig. 3� UÛ��
. A spectrum8 F color

grade, B spectrum8 D color grade, C spectrum8 G

color grade� 
��
�� ¨(� 2�
. Fig. 2�

spectrum' ÙÚ�0Q N3 system� peak� Çæ sharp

�ß ]Q� H3	 H4� ��I peak̂ � |ç �_è

�� 4 + ,
. �� Fig. 3� first Raman peak	

second Raman peakG Fig. 2� spectrum� Raman

peak 0
 dD� ¶�3� 0� Fig. 3� N3 system

peakG Z×K3� >8 emission� n� ,�� 4 +

,
. �7� �1�� 
��
�G �?�@ n��

CL� MNOL� Ã_ H3	 H4� CL(H3 system)�

N3 system3� �éê- `a3� �ëP� �� vacancy

E�� ìí¸ âÆG NÉPTU Zî ÆïP�- `a

3� xðß
.

3.3. Ar-ion laser (514 nm)

Figs. 4, 5, 78 514.5 nm(19435 cm−1)�� x-(excita-

tion)I Ar-ion Laser� �cnx ¨(� Raman spec-

trum�
. Fig. 4� é\� color� G�� ,� 
��

Fig. 1. Infrared spectra for HPHT treated diamonds and
untreated diamonds.

Fig. 2. Low-temperature photoluminescence spectra in the
region from 325 to 850 nm are shown untreated diamonds : (A)

D color grade, (B) F color grade, (C) G color grade.

Fig. 3. Low-temperature photoluminescence spectra in 
region from 325 to 850 nm are shown for HPHT teated d
monds : (A) F color grade, (B) D color grade, (C) G colo

grade.
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� s ��P� �8 
��
�	 HPHT ��I 


��
�� ¨(� 23�� Fig. 4� A spectrum8 �

�P� �8 
��
�� D color grade, B	 C spec-

trum8 HPHT ��I 
��
�� D color grade	 G

color grade, D spectrum8 ��P� �8 
��
��

G color grade� $$ ¨(� 2�
. 514 nm laser�

¨(I ×yl� 
��
�� 552 nm�� first Raman

peakG UÛà� 589 nm�� second Raman peakG ä

åP�
. �� F� Figs. 2, 3� fq	 Ü� 
¥�

color grade� Gß 
��
�� Z×KF intensity�

ÙÚ® + ,�
. � r¤�� ¨(I D color grade�


��
�� ��P� �8 
��
�(A spectrum)	

HPHT ��I 
��
�(B spectrum)�� |ç Ý(�

peak� 0xñ� �»
. G color grade� HPHT ��

I 
��
�(C spectrum)��� 575 nm	 575.8 nm,

637.1 nm�� ÝòKF PL peakG ºMn£
. � peak

^8 
��
��� CLF N(Nitrogen)-V(Vacancy)

center� -F� 2[14 ,15]��, 575 nm� neutrally

charged N-V center : (N-V)0
�� 637.18 negatively

charged N-V center : (N-V)−
� ºMn� ,�
. ��

F� N-V center	 ��I CL(defect)� ,�� 4 +

,�
.

Fig. 5� A spectrum8 ��P- ­� brown color�


��
��, B spectrum8 A spectrum� 
��
�

� HPHT '(� TÉ� F color grade� óZI 
�

�
��, D spectrum8 ��P� �8 F color grade

� 
��
��, C spectrum8 HPHT ��I I color

grade� 
��
�� ¨(� 2�
. A, B, C, D� |

ô spectrum�� N-V centerG ºMn£3� Ý�, �

�­� A spectrum' HPHT ��  � B spectrum�

� õ ��� ö + ,�
. B spectrum� C' 575

nm	 575.8 nm� peakG A spectrum� peak0
 ÷D

� �ÆL� 0xñ��, 637.1 nm peak �� A spec-

trum� peak0
 Z×K3� ø8 emission� 0xñ�


. o�� G< ñù��® ���� (N-V)0 peak�

intensityG (N-V)− peak� intensity0
 Ç ú� �ÆL

� ØF ® + ,�
. �7� �1�� HPHT '( s

>8 ?&� Fnx single nitrogen' v�I vacancy

(N-V)G 0
 û(I Z§� �én�, �� UÊS �

�(break-up), vacancy E�� ìí¸(interstitial) carbon

� Øãü(diffusion)3�� N-V center CL� �Æn£

- `a�_ �ëP�, �� A spectrum' B spectrum

� 637.1 nm FWHM(Full width at half maximum)�

#ã� C' ��P- ­F A spectrum� 637.1 nm

peak FWHM8 14.7 cm−1(0.4848 nm), HPHT ��I  

F B spectrum� 637.1 nm peak FWHM8 22 cm−1

(0.7263 nm)� #ãü3� F� �7� ýþ� ÿ�ì

® + ,
.

Fig. 6��� ��n� �8 
��
�(colorless, near

colorless, brown color)	 HPHT ��I 
��
��

637.1 nm peak� FWHM� #ã� 2�
. � vk��

¨(I 
��
��� 637.1 nm peakG ºMn� fq,

��P� �8 
��
�� 637.1 nm peak FWHM8

18 cm−1(0.5941 nm) �n£3� HPHT ��I 
��


�� 637.1 nm peak FWHM8 18 cm−1(0.5941 nm) �

Z3� #ãP�
.

Fig. 78 Z?�� ¨(I Raman spectra�
. A	 B

spectrum8 $$ D color grade� ��P� �8 
�

Fig. 4. Low-temperature raman spectra for HPHT teated dia-
monds and untreated diamonds (at 514 nm excitation) : (A) D
color grade (untreated), (B) D color grade (HPHT treated), (C)
G color grade (HPHT treated), (D) G color grade (untreated).

Fig. 5. Shown here for comparison are photoluminescence
emission spectra for (A) untreated brown color diamond (before
treatment), (B) HPHT treated F color grade diamond (after
treatment) and (D) untreated F color grade diamond. The sam-

ple (C) is HPHT treated I color grade diamond.
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�
�	 HPHT ��I 
��
��, E	 F spectrum

8 $$ H color grade� ��P� �8 
��
�	

HPHT ��I 
��
��, C	 D spectrum8 E

color grade	 F color grade� ��P� �8 
��


�� ¨(� 2�
. � r¤� ¨(I 
��
�� ×

ÑK3� Fig. 7' Ü� color gradeG ø��+´ N-V

center� emission� �GL� 0xñ�3� Ý�, é\

� color� -�3� ÙÚ� ö ` N-V center� emis-

sion8 E spectrum� 
��
�0
 F spectrum� 


��
��� Ç >�� ØF ® + ,��Ë �� $$

� second Raman peak� ÙÚL3�� Gmn£
.

4. � �

� vk��� PL' Raman spectrometer� �cnx

HPHT ��I type IIa 
��
�	 ��P� �8 


��
�� ¨(n£3� 
�' Ü8 C�� «�
.

1) FT-IR spectrometer� �cnx ¨(� C'

HPHT ��I 
��
�� type IIa£3� ��P� �

8 
��
�	 HPHT ��I 
��
�� infrared

spectrum��� Ý�� Þ�G ºMn� �»
.

2) 325 nm(30771 cm−1) excitation laser� �cnx ¨

(� C' HPHT ��I 
��
���� ��P� �

8 
��
� 0
 N3 system� peak� Çæ sharp�

ß ]Q H3	 H4� ��I peak̂ � |ç �_è��

0xñ�
.

3) 514.5 nm(19435 cm−1) excitation laser� �cnx

¨(� C' HPHT ��I 
��
���� ��P-

­� brown color� 
��
� 0
 (N-V)0
	 (N-V)−

peak� intensityG ú� �Æ� ,�� ØF ® + ,�


. �� HPHT ��I 
��
��� (N-V)0 peak�

intensityG (N-V)− peak� intensity0
 Ç ú� �Æ�

,�� ØF ® + ,�3�, ��P� �8 
��
�

	 HPHT ��I 
��
�� 637.1 nm FWHM(Full

width at half maximum)� #ã� C' ��P� �8


��
�� 637.1 nm peak FWHM8 18 cm−1(0.5941

nm) �n£3� HPHT ��I 
��
�� 637.1 nm

peak FWHM8 18 cm−1(0.5941 nm) �Z��
.

4) HPHT ��I  � (N-V)0
	 (N-V)− peak� in-

tensityG �Æ� �1�� >8 ?&� Fnx single

nitrogen' v�I vacancy(N-V)G 0
 û(I Z§�

�én�, �� UÊS ��, vacancy E�� interstitial

carbon� ØãP�- `a3� �ëI
.

5) � r¤�� 325 nm excitation laser� �cnx

«8 HPHT ��I diamond� spectrum8 N3 system

� �� emissioni� ºMn£
. Ã_� 325 nm ex-

citation laser� ¨(·�� Ã_ ��nH ]�n- `

a� pq (µ� ¨(� �n� 514.5 nm excitation

laser� �c n£� `0
 HPHT ��I 
��
��

��n-� ÙÚK c�L� 4 + ,�
.

Fig. 6. The FWHM of the 637.1 nm luminescence peak mea-
sured at low temperature is above 19 cm−1 in HPHT treated dia-
monds, while that of untreated type IIa diamonds (colorless,
near colorless and brown color) is below 17 cm−1 (Br : Brown

color).

Fig. 7. Room-temperature Raman spectra for HPHT treated
diamonds and untreated diamonds (at 514 nm excitation) : (A)
D color grade (untreated), (B) D color grade(HPHT treated),
(C) E color grade (untreated), (D) F color grade (untreated), (E)

H color grade (untreated), (F) H color grade (HPHT treated).



26 Young-Chool Kim and Hyun-Min Choi

n
m-

n
el.

d

8.
s;
,
)

r-
s-
D

r.

&

� 
 
 �

[ 1 ] D. Fisher and R.A. Spits, “Spectroscopic evidence of
GE POL HPHT - treated natural type IIa diamonds”,
Gems & Gemology 36(1) (2002) 42.

[ 2 ] A. Yelisseyev, Yu. Babich, V. Nadolinny, D. Fisher and
B. Feigelson, “Spectroscopic study of HPHT synthetic
diamond, as grown at 1500oC”, Diamond Rel. Mater. 11
(2002) 22.

[ 3 ] P.S. Christopher, G. Bosshart, J. Ponahlo, Vera M.F.
Hammer, H. Klapper and K. Schmetzer, “GE POL dia-
monds : before and after”, Gems & Gemology 36(3)
(2000) 192.

[ 4 ] F.D. Weerdt and J.V. Royen, “Defects in coloured natu-
ral diamonds”, Diamond Rel. Mater. 10 (2001) 474.

[ 5 ] K. Iakouborskii and G.J. Adriaenssens, “Optical charac-
terization of natural Argyle diamonds”, Diamond Rel.
Mater. 11 (2002) 125.

[ 6 ] A.T. Collins, “Colour centers in diamond”, Journal of
Gemmology 18(1) (1982) 37.

[ 7 ] A.T. Collins, “The colour of diamond and how it may
be changed”, Journal of Gemmology 27(6) (2001) 335.

[ 8 ] M.L. Fish, O. Massler, J.A. Reid, R. MacGregor and
J.D. Comins, “The application of photoluminescence
and Raman spectroscopy of synthetic diamond”, Dia-

mond Rel. Mater. 8(8-9) (1999) 1511.
[ 9 ] J.P. Chalain, E. Fritsch and H.A. Hänni, “Identificatio

of GE POL diamonds : a second step”, Journal of Ge
mology 27(1) (2000) 65.

[10] A.T. Collins, "The characterisation of point defects i
diamond by luminescence spectroscopy”, Diamond R
Mater. 1(5-6) (1992) 457.

[11] I.M. Reintz, P.R. Buerki, J.E. Shigley, S.E. McClure an
T.M. Moses”, Identification of HPHT - treated yellow to
green diamonds”, Gems & Gemology 36(2) (2000) 12

[12] T.M. Moses and I.R. Reonitz, “Gem trade lab note
yellow to yellow - green diamonds treated by HPHT
from GE and others”, Gems & Gemology 35(4) (1999
203.

[13] A. Wotherspoon, J.W. Steeds, P. Coleman, D. Wolve
son, J. Davies, S. Lawson and J. Butler, “Photolumine
cence studies of Type IIa and nitrogen doped CV
diamond”, Diamond Rel. Mater. 11 (2002) 125.

[14] Y.C. Kim and P.C. Kim, “A study on the identification
of HPHT diamond by the photoluminescence”, J. Ko
Cryst. Growth 13(1) (2003) 31.

[15] W. Wang, M. Hall and TMM, “Intensely colored type
IIa, with substantial nitrogem-related defects”, Gems 
Gemology 39(1) (2003) 39.


	A study on the identification of type IIa natural diamonds treated by the HPHT method
	Young-Chool Kim† and Hyun-Min Choi*
	Hanmi Gemological Institute Co., Ltd., Seoul 110-370, Korea *Hanmi Gem Analysis Research Lab., Ha...
	(Received November 12, 2003) (Accepted December 22, 2003)
	Abstract�Results from PL and Raman spectroscopic analyses of HPHT (high-pressure high-temperature...
	Key words HPHT treated diamond, PL (photoluminescence), Raman spectrum, H3 system, 575�nm (N-V)0,...


	HPHT(고온고압)에 의해 처리된 type IIa 천연 다이아몬드의 감별에 관한 연구
	김영출, 최현민*
	(주)한미보석감정원, 서울, 110-370 *(주)한미보석감정원 분석연구실, 서울, 11
	(2003년 11월 12일 접수) (2003년 12월 22일 심사완료)
	요  약 HPHT(고온고압) 처리된 type IIa 다이아몬드의 분광분석 결과를 나타내었





