
第 20卷第 3期 

2001年 6月 

红 外 与 毫 米 波 学 报 
J．Infrared Millim．Waves 

Vol 20，No 3 

June，2001 

REFRACTIVE INDEX ENHANCEMENT EFFECT IN 

Hg1--XCd Te NEAR THE FUNDAMENTAL GAP 

HUANG Zhi Mi遗 ZHANG Zhan Hong JIANG Chun Ping CHU Jun—Hao 
(National Laboratory'for Infrared Physics，Shanghai Institute of Technical Physics，Chinese 

Academy of Sciences，Shanghai 200083，China) 

Abstract The refractive indices of Hg～ Cd Te bunk samples with the composition 32=0．276．0．309，and 0．378 

were measured by infrared spectroscopic eliipsometry at room temperature in the energy regions which ＼-~-ere be 

low，across，and above the fundamenta1 band gap．An obvious refractire index enha[1cement effect was observed in 

the refractive index spectra for each composition．The energy position of the maximal refractive index value equals 

approx mate y that of the band gap．The refractive index versus wavelength above the band gap for l-between 

= 0．276 and 0．378was modeled using a Sellmeier dispersion relationship” ( )=口I+口z／ +＆ ／ +Ⅱ、／二b 

Key words infrared spectroscopic eliipsometry，refractive index，Hg】， Cd Te． 

Hg 一 Cd Te禁带宽度附近折射率增强效应 

黄志明 张展氯 蒋春萍 褚君浩 
(中国科学院上海技术物理研究所红外物理国家重点实验室，上海，200083) 

摘要 用红外椭圆偏振光谱测量了室韫下Hgi zCd Te( 0．276，0．309，0．378)体材料位干禁带宽度之下、附近 

和之上的折射率 对每一种组惜样品均观察到明显的折射事增强赦应．折射率峰值所对直的能量位置近忸等于其 

禁带宽度．禁带宽度之上折射率随波长 变化可用Seilmeier色散关系 (̂)=。 + z／ +a3／a +。．／ 进行租合． 

关键词 红外椭偏光谱，折射率，Hg卜 cd Te． 

INTR0DUCT10N 

The refractive index dispersion near the fun— 

damenta[gap in semiconductors is significant for 

the design and analysis of the optoelectronic de— 

vices，such as optical filters，mirrors coated with 

thin films，semiconductor lasers and modulators． 

The refractive indices of bulk materials exhibit re— 

markable changes at the fundamental absorption 

edge，which has been investigated for m V com— 

pounds[ and narrow gap lead salts[ 
． This phe— 

nomenon has also been observed in M BE layers of 

Pb⋯ Eu Se，Pb
．

一  

Sr e[ and Pb Eu Teuj，as 

well as in two dimensional PbTe-／Pbh  Eu Te 

MQW structures： ．However，it is not observed in 

the narrow gap semiconductor mercury cadmiffm 
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telluride Hg_1』Cd Te (MCT )，a very important 

material in infrared applicatoins． 

The usual methods to determine the refractive 

indices of MCT are based on the transmission spec— 

tra of thin samples： ～ 一． Unfortunately．only the 

refractive index below the band can be available by 

this technique，due to large absorption coefficients 

in M CT above the band gap．To describe the re 

fractive indices near the band．1n this paper we in— 

vestigated the refractive indices of Hg⋯ Cd Te 

bulk samples with the composition 一 0．276，0． 

309，and 0．378 in the energy region which are be 

low．across and above the fundamental gap bv in 

frared spectroscopic dlipsometry．An explicit re— 

fractive index enhancement effect was observed in 

MCT bulk materiaI for each composition． 
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Abstract The refractive IndLces of Hgl_~Cd-,Te bulk samples with the C'omlJosnion X=CI. 276. I). 309. and 0.378 

were measured by infrared spectros"::0pic elbpsomeuy at room temperature III the energy regionl.' whLch were be­

low. acro:-.s. and above the fundamental band gap. An obvious refractive index enhancement effect wa1i observed In 

the refractive index ,"'pectra for each composition. The energy posLtion of the maximal refractive index value equal'S 

approxImately that of the band gap. The re(rJ.ct!ve index \'ersus wavelength A above the band gap for .r between .1. 

=(). 2711 and 0.378 was modeled USlOg a Sellmeier dispersion relatIonshIp n~Ll.)=al +Ll~/i.:+U: /A4+Ll.;/~b. 
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INTRODUCTION 

The refractive index dispersion near the fun­

damental gap in semiconductors is significant for 

the design and analysis of the optoelectronic de­

vices. :-:uch as optical filters. mirrors coated with 

thin films, semiconductor lasers and modulators. 

The refractive indices of bulk materials exhibit re­

markable changes at the fundamental absorption 

edge. whtch has been investigated for ill - V com­
pounds[lJ and narrow-gap lead salts[~:. This phe­

nomenon has also been ob:-:erved in MBE layers of 

Pb, _,Eu,Se. Pb.~.SrrSe"J and Pb,~rEu,Te['J. as 

well as in two-dimensional PbTe/Pb1-.r Eu" Te 
MQW structures: S

]. However. it is not observed in 

the narrow-gap semiconductor mercury cadmlllm 
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telluride Hg,~, Cd,Te (MCT 1. a very Impnrtant 

material in infrared applicatoins. 

The usual methods to determine the refractive 

indices of MeT are based on the transmissiun spec­
tra of thin samples:;-lu:. Unfortunately. only the 

refractive index below the band can be available b}' 

this technique. due to large absorptIOn coefficients 

in MCT above the band gap. To describe the re­
fractive indices near the band. in this paper we in~ 

vestlgated the refractive indices of Hgl-~ Cd.r Te 
bulk samples with the composition ..T = CI. 276. o. 
309,and o. 378 in the energy region which are be­

low. across and above the fundamental gap by in­

frared spectroscopIC ellipsometry. An explicit re­

fractive index enhancement effect was observed an 

MeT bulk material fer each composition. 
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1 EXPERIM ENTAL 

The samples were prepared by the Bridgman 

method．then annealed in Hg vapor to form n type 

crystals (with carrier c0ncentrati0n 2 5× 1 0 

cm )． The transmission spectra of the samples 

were recorded using FTIR spectrometer (Bio Rad 

Co． FTS一65A )． The aIloy compositions of the 

measured samples were determined by fitting the 

transmission spectra near the fundamentaI ahsorp 

tion edge with the empirical formulas of the energy 

gap and absorption rules” ． 

The surfaces of Hgl⋯ Cd Te samples to be 

measured by infrared spectroscopic ellipsometry 

were mechanically polished．The back surfaces of 

the samples were roughed by silicon carbide sand— 

paper to suppress the component of the beam re— 

fleeted from the back sides of the samples． 

Spectroscopic ellipsometry meaures the com 

plex reflectance ratio P between the reflection cod— 

fieients and ，which are the light polarized par 

allel and perpendieular to the plane of ineideee．re 

spectively．By analyzing the state of the polariza 

tion of reflected light，one determines two pararlle 

ters：tan and c0s△．which are related to p by 

P一 = tan ex (1) 

The dielectric function e 

be calculated by using 

e1EⅢ ： 

el ie2 of the sample can 

an ideal two—phase mod 

E 一  l n ％+sj 褊ta (2) 
where is the dielectric funetion of a transparent 

am blent Wltln．out regardmg to the possiDie presence 

of overlayers．and仍 is the angle of incidence． 

Then the refractive index and extinction coef— 

ficient are obtained as follows： 

1 ／ r———一  
一  V ￡ + ￡；+ ￡ ， 

2 

一 去√厄  ． ㈥ 
The ellipaometric measurements were carried 

out by an automatic infrared spectroscopic ellip— 

someter，the polarizer and analyzer of which are 

synchronously rotat with a speed ratio of 1：1 ]at 

an angle of incidence 73。．The light source was a 

1000W water cooled globar lamp． The spectro— 

scopic ellipsometric measurements were carried out 

in air over the energy range 0．1——0．5eV． The 

probe beam diameter size was ≈ 4mm．The abso 

1ute values of measured refractive index are accu 

rate to 1 in the measurements without any defect 

correction for the instrumenta1 elements．which】s 

quite good for infrared spectroscopic ellipsometers 

2 RESULTS AND DISCUSS10N 

Fig．1 shows the measured refractive indices 

of the Hgl— Cd Te bulk samples with ： 0．276． 

0．309一and 0．378 versus photon energy in the in— 

flared region．W e obtain the refractive indices not 

only below the band gap+ but also across and 

above the energy gap for different compositions． 

As it is shown in the figure+a peak in the refrae 

rive index curve appears for each composition．The 

refractive index enhancement effect is obviously 

observed．which can be understood according to 

the following Kramers—Kronig (KK)analysis： 

)一 1+ 

l。s d + ( ) 

where ． are frequencies．c is the light velocity， 

( ’)is the absorption coefficient at frequency ． 

As well—known， a eomplete intrinsic absorption 

spectrum includes not only the Urbach exponen— 

tial absorption edge but also the Kane region．The 

former results from the transitions other than 

band to band transitions，such as the transitions 

of electron—hole． electron—phonon， and electron 

impurity and the latter is due the optical transi 

tions of electrons from the valence band to the con— 

duetion hand． They obey different absorption 

rules口 ．In the energy region near the absorption 

edge，the value of da(Y)／ goes up and the refrac— 

tive index increases as the photon energy．Howev— 

er，when the photon energy reaches the gap ener— 

gY，the absorption curve changes its slopes and be— 

comes flatter，so the value of da( )／ decreases 

above the gap energy．Therefore，a peak appears 

维普资讯 http://www.cqvip.com 
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1 EXPERIMENTAL 

The sample~ were prepared by the Bndgman 

method. then annealed in Hg vapor to form n-type 

crystal~ (with carrier concentration:; - 5 . 10- 1 

em '>. The tran~mis:5ion spectra of the samples 

wen~ recorded u'Jing FTIR spectromt'ter (Bio-Rad 

Cu. FTS-6:iA). The alloy compu,itlOns 01 the 

m£:8sured samples were determined by fitting the 

transml55lon spel.':tra near the fundamental absorp­

tion edge with the empirical formulas of the energy 

gap and ab~orption rules~ll-l'~. 

The surfaces of Hg1- I Cdr T eo samples to be 

mea<;ured by infrared spectroscopic ellipsometry 

WE're mechanically polished. The back surfaces of 

the samples were roughed by silicon carbide sand­

paper to suppress the component of the beam re­

flected from the back sides of the samples. 

Spectroscopic ellipsometry meaurt:s the com­

plex reflectance ratIO p between the reflection coef­

ficients r, and r, .which are the light polarized par­

allel and perpendicular to the plane of incidece ~ re­

spectively. By analyzing the state of the polariza­

tion of reflected light. one determines two parame­

ters: tan ¢ and co::-.6. 0 which are related to p by 

,0 ~ r, ~ tans'exp(i':'\). (]) 
r, 

The dielectric function t= tl + it~ of the :sample can 

be calculated by using an ideal two-phase mod­

e1[14J: 

where t y IS the dielectric function of a transparent 

ambient without regarding to the po~sible presence 

of overlayers 0 and Po is the angle of incidence. 

Then the refractive index and extinction coef­

ficient are obtained as follows: 

n-

k (3) 

Th~ elhpaometric measurements were carried 

ou t by an automatic infrared spectroscopic ellip­

someter. the polarizer and analyzer of which are 

synchronou~ly rot at with a speed ratio of 1: 1 [co] at 

an angle of incidence 73~. The light source was a 

lOOuW water-I.:-ooled globar lamp. The spectro­

~COPIC ellipsometric measurements were carried out 

in air over the energy range I). 1 --- 0. 5e V. The 

prob£:" beam diameter size was ~4mm. The abso­

lute value::-- of mea~ured refractive index are accu­

rate to 11~,,:, in the measurements without any defect 

correction for the instrumental elements ~ which is 

quite good fur infrared ~pectr(lscopic e1hpsometers. 

2 RESUL TS AND DISCUSSION 

Fig. 1 shows the measured refractive indice:-. n 

of the Hg l -, Cd,Te bulk samples with .x ~ 11. 276. 

0.309. and 0.378 versus photon energy in the in­

frared region. We obtain the refractive Indices not 

only below the band gap. but also across and 

above the energy gap for different compusitlOns. 

As it is :-.hown in the figure. a peak in the refrac­

tive index I,,:'urve appears for each composition. The 

refractive index enhancement effect IS obviously 

observed ~ which can be understood according to 

the following Kramers-Kronig (KK) analysIs: 

n I,) ~ 1 + -"-fY da( v' ) 
:7[' 'J dt.l 

,; + ,; 
log -.--d'; • 

v - v 

where J oV are frequencies 0 c is the light velocity. a 

( v' ) is the absorption coefficient at frequency 'oj. 

As well-known. a complete intrinsic absorption 

spectrum includes not only the Urbach exponen­

tial-absorption edge but also the Kane region. The 

former results from the transitions other than 

band-to-band transitions. such as the transitions 

of electron-hole. electron-phonon. and eiectron­

impurity and the latter is due the optical transi­

tions of electrons from the valence band to the con­

duction bcmd. They obey different ab~orption 

rules~lfiJ. In the energy region near the absorption 

edge. the value of dal'; )!,' goes up and the refrac­

tive mdex increases as the photon energy. Howev­

er. when the photon energy reaches the gap ener­

gy. the absorption curve changes its slopes and be­

comes flatter. so the value of da( Ii' )/v' decrea:o:es 

above the gap energy. Therefore. a peak appear, 
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￡ 

Fig．1 The refractive indices of the Hg L
—

Cd Te bulk 

samples with 27— 0．276，0．309，and 0 378 measured by 

infrared spectroscopic dlipsometry at the energies which 

are below ，acrosg， and above the band gap at room 

tem perature 

图 1 用红外椭偏仪测得的组分为 0．276．0．309和 0 

378 Hg一 Cd Te在禁 带宽度 能量之 下、附近和之上 的室 

温折射率 n 

2 5 30 3．5 4．0 4．5 

2／um 

Fig．2 M easu red and fitting refractive index spectra ve r— 

sus wavelength above the band gap of Hg1⋯Cd Te bulk 

samples with 一 0．276·0．309·and 0．378 

围 2 不同组分Hg一 Te禁带宽度之上折射率 

实验数据及拟台曲线 

in the refractive index curve at the band gap ener 

gY· 

Furthermore．the peak wil】move toward the 

lower energy and its va[ue will increase as the com— 

position decreases．frhe refractive index above the 

band gap will drop quickly near the gap then de— 

crease slowly as energy increases． 

Thin overlayers，such as oxides and micro 

scopic roughness on the sample surface，have ef 

feCtS on the optical constants． W e found in our 

measurements that finite overlayers mainly affect— 

ed the extinction coefficients．Therefore the refrac— 

tire 1ndices reported here are observed without in 

eluding the correction made for possible surface 

over[ayers or damage effects．Since the back sides 

of the samples were roughed t the reflcetion of the 

light beam from the back sides of the samples is 

very smaI1 and its contribution to is less than 1 

by estimation below the band gap．Therefore there 

is no correction to the values of the rerraclive in 

dices below the band gap due to the back reflection 

c0nt ributi0n． 

From the energy position of the refractive in— 

dex peaks shown in Fig．1，the band gap is about 

0．275．0．371，and 0．414eV ，which is very near 

the value 0．273． 0．31 8，and 0．41 3eV obtained 

from the band gap formula ’ with the composition 

一 0．276．0．309．and 0．378．respectively．A the— 

oretical naalysis showed that the near to gap 

(E) enhancement in narrow gap semiconductors 

was dependent on energy gap E —absorption edge 

steepness and brodening W c． And Zemel” pro 

posed that the position of the maximum was pre— 

dicted at E + W c／'2 rather than at E ． It shows 

that the impurity concentration in our samples is 

low enough that the broadening effect is negligible 

in the experimental errors． 

Table 1 Fitting parameters of the refractive indices 

for Hgl⋯Cd Te bulk samples with 0．276≤ ≤ 0．378 

above the band gap at room temperature 

表 1 室温下 HgI rcd Te(0．276≤xG0．378) 

体样品在能量太于禁带宽度时折射率拟台参数 

维普资讯 http://www.cqvip.com 

-x=0.276 
-x=0.309 
-x=0.378 

3.4 

3.3 

3.2 ,:--~----;:,:-~-::,-;----::,::-----' 
0.2 0.3 0.4 0.5 

EleV 

Fig. 1 The refractlve llldice~ 11 of the Hg 1 CdiTf:" bulk 

!'amp[!;"~ with 1"=\1, 276.0. ~O~. and 0.378 measuT!;"d by 

infrared sPot'ctroscopic ellipsometry at the energies WhlCh 

are below. dCTO~<". and abuve the band gap at room 

temperature 

00 1 III n ",lIIill! ~ 00 ilIB'l !Jllt JJ o. 271;. o. 309 fII o. 
3i8 Hg, "C~. T e t£~ '.If:l.!!lt flIl:l:;;:: T . miii fII ;;::1: 8'J '" 

i!llIitt$n 

3.45 

340 

3.35 

c: 
3.30 

3.25 

3.20 

2.5 

.. 

x=0.276 
x=0 309 
x=0.378 

~~Fitting 

.. 

3.0 3.5 4.0 4.5 

Aillm 

Fig. 2 Mea .... ured and fittmg refractlve mdex spectra ver­

sus wavelength above tbe band gap of Hg1_"Cd,-Te bulk 

samples witb x=O. 276. U. 30~. and D.378 

IE 2 l'JOI!!llt Hg, __ C~"Te ~'.iI:l.!!lt;;::1:l1itt* 

:Y; ~ ti: llBl. jt( inlli til 

In the refractive index curve at the band gap ener-

gy. 

Furthermt)re~ the peak will mOve toward the 
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lower energy and it~ 'value will increase a:-. the com­

position decreases. The refractive index above the 

band gap will drop 4uickly near the gap then de­

crease slowly as energy increases. 

Thin overlayers. such a ___ oX1des and micro-

scopic roughne::;.s on the sample surface. have ef­

fects on the optical constants. We found In our 

measurements that fmite overlayers mainly affect­

ed the extinction coeffic1ents. Therefore the refrac­

ti'ife indice::;. reported here are observed without in­

cluding the correction made for pOSSible surface 

overlayers or damage effect~. Since the back side:-­

of the samples were roughed~ the reflcetion of th(' 

light beam from the back sides of the samples is 

\Tery ::;.mall and it::;. contributlOn to n 1::;' less than 1 ::~'I; 

by estimation below the band gap. Therefore there 

is no correction to the values of the refractive in­

dice::;. below the band gap due to the back reflection 

contribution. 

From the energy position of the refractive in­

dex peaks. ::;.hown in Fig. 1 ~ the band gap is about 

o. 273. O. 371. and U. 414eV. which is \'ery near 

the value o. 273. o. 318. and o. 413e V obtained 

from the band gap formula u :] with the composItion 

x=o. 276. 0.309, and 0.378. re,pectively. A the­

oretical naalysis:- n showed that the near-to-gap n 

(E) enhancement in narrow gap semiL'onductors 

was dependent on energy gap EJI' absorption edge 

::;.teepness and brodening "(,l'u. And Zemel:;: pro­

po~ed that the position of the maX1mum was pre­

dicted at EJ,; + Wr.i2 rather than at Ex. It show:-­

that the impurity concentration in our samples is 

low enough tha t the broadening effect 1S negligible 

in the expenmental errors. 

Table I Fitting parameters of the refractive indices 

for Hg 1 _..-Cd .. Te bulk samples ll'ith O. 276~x~O. 378 

abo'n the band gap at room temperature 

* I ~="'FHg,_ .. Cd~Te (O.276~x~O,3781 

~*~~~.*T.m~~~mM~W* •• 
('oeffluent A, B, e 

" 23.901 -loa. 977 ~~:.J. ~81 

" -·13.560 8~1. 897 -~. ~:::7 1 'J' 

" -1. 400' lO' 5. ~~,tl 11)1 L 212 ~ 10' 

'. ~. 781 In: -2.828· 1 o~ :::. 39::: • 10' 
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Up to now there is no report on the refractive 

index spectra of MCT above the band gap．They 

are plotted separately in Fig．2 as a function of 

wavelength ^ (in micrometers)．The best fit with 

experimental results at room temperature for be— 

tween T一 0．276 and 0．378 is obtained from the 

Sellmeier equat on 

：( )一 dl+ ?／ + dl／2 + H}／ ， (j) 

whereⅡ，一 A． B．z+C (i— 1．2，3．4)and the co 

efficients A．．B．and C．are given in table 1．The 

fitted refractive in dex spectra are presented in 

Fig．2 by solid lines．The maximum difference be 

tween the experimental values and this formula is 

less than 0．5 ．which is hetter than the expert 

mental errors． 

4 SUM M ARY 

In conclusion，we have measured the disper- 

sion of the refractive indices of Hg L⋯Cd Te( 一0． 

276．0．309，and 0．378)bulk samples at room tem 

perature by infrared spectroscopic ellipsometry in 

the ene趣Y regions which are below—across，and 

above the fundamental band gap．respectively．An 

obvious refrative index enhancement effect is ob 

served for each composition，which can be account 

ed for in accordance with KK relation．The energy 

of the band gap obtained from the refractive index 

peak is in good agreement with that from the band 

gap formula．The experimental values of the re 

fractive indices above the band gap have been fitted 

well by a Seltmeier equation． 
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1,4 

Up to now there is no report on the refractive 

index spectra of MeT abovE' the band gap. They 

art:' plotted separa tel}' in Fig. ~ a:s a function of 

wavelength A lm mIcrOmeters). The best fit with 

expenffiental rl;:'sult~ at room temperature for I be­

tween .T = o. 276 and o. 378 is obtained from the 

Sellmeler 0quatlon 

(j) 

where a,=A,---l-B,.r+C..r~li=l.~.:L-U and the co­

effLClents A,. H, and C. are given in table L The 

fitted refractive In dex spectra are preseptt:'d in 

Flg. 2 by soltd lines. The maximum difference be­

tween the experimental \'alut's and thi:::; formula i~ 

less than (I. 5~,,;. \,,{hich is better than the experi­

mental errors. 

SUMMARY 

In conclusion. \'{e have measured the disper­

sion of the refractive indit.::es of Hgl_JCdJTe (x=O. 

2711. O. 3119. and O. 37 S) bulk samples a t room tem­

perature by infrared s'pectroscopic ellipsometry in 

the e?ergy regions \,,{hich are below. across. and 

above'the fundamental band gap. respectively. An 

obvious refrative index enhancement effect is ob­

served for each composition. \,,{hich can be accuunt­

ed for in accordance \"{ith KK relation. The energy 

uf the band gap obtained from the refractive index 

peak I' in good agreement with that from the band 

gap formula. The experimental values of the re­

fractive indices above the band gap have been fitted 

well by a Sellmeier equation. 
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