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Abstract: The fabrication of HgCdTe MIS devices and the basic principle and steps for calculating and

analyzing the interface electrical characteristics through their C–V curves are presented. The formulas for

calculating the distribution of the impurity concentration in substrates with depth are deduced by using

the electrical characteristics in the depletion region of high frequency C-V curves of the MIS devices.
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1 }yOZl}"�<w��"�<9$sD$��byyd�s>v}�\��"�<L.8�8t%&f4[��L.9$2�J�%�mw�
Hg1−xCdxTe Æ,�nS�P"�<G��Æ"H� HgTe (Eg = −0.3eV) s"℄Y< CdTe

(Eg = 1.6eV)~�[h<�Hg1−xCdxTewHL{k�)H"9 x F6bb 0eV ∼ 1.6eV 1T3~�6��4� 1µm ∼ 3µm�3µm ∼ 5µm�
8µm ∼ 14µmnLyNph}L4M%W [1] �

H_w���q�	E��j HgCdTe 9$beN	yjY�,#��S�w_	 Te–Hg-;m�4"��� Hg V�i45j�HgCdTe ÆjL{"�<�E[��r:J4{NZWWÆL{k�,L��L����8t9$4�LD>v),��s�mN}�0��:JY? pn��*������yy3� HgCdTe_A4A$u	[��b_ [2] �.0�9$%�Æ}L4ML�dP2	\-E��/P�bdL� �{!���#~O ZnS # P℄�[W�2006–06–19unIM�9 (1981 —— ) �V�KUM3&u 2004 ?edwI`��|0pm�(k5,�$Q>[B�
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I 1� HgCdTe 9$%�3.,e�a2Jh�HGjD�Æ9$mwgdMF�,�Ygdq�w�?g')UG�b�B+	�{���0<gd�����j	')U9$s0;OxD$g �X�v)�lF�%�,�l�Y�H� – ℄Y< – "�< (MIS) L. C–V8ÆBJ�W"�<9$�D$s<8%P[�?WyBM�H? MIS �i#y�Z hF�,���EH,�#}�i`�_�S_"��EHA{��`�℄YO[��r"��EZp��`�_�_�6�9C�Zp��~<Bo (�D$2"�� C–V Zp|mNd�bBoZ u�T��)�:w�T2M� (H��?"w�i.) b0��9bD$2"�4�9C [3] �L�OZ MIS L.g v<Vw�NH#s,L>\����M� MIS �i)�&gRgd��M� C–t Zp�E Zerbst3dJ��Zmwb�`��D$T�'�su��) [4] �yÆ8U MISL.�X*~��d34�>[FS��j'�5F�8��)S?gH
C–V89bbNjF\H��"�<�℄Y<�'�d�.00h#B�{!���#~O ZnSo%� HgCdTe MISL.�+P2�EH C–V Zp (�9bD$��8-Vw�E�$,Fv�
2 a{
2.1 MIS XK6q*

HgCdTe MIS L.�+P2�djH 1 .
��i1B[2a�P.�Y�[ 1mm P � HgCdTe P=B}VU 3µm  Al2O3.�b Logitech PM4 �.9�s�.�aB

0.3µmMgOR;�.9_�a�S Br2−CH3OH+��C��
�N b4Ox HgCdTe P<9$ (HgCdTe G�4J�jh� x=0.25,

Eg=0.177eV, ni77K = 1.71 × 1012/cm3, Na ≈ 2 ×

1016/cm3) �)�B���3.J��{!�����B+U�,�0{:� Na2S · 9H2O+/+rh+�)���IB{���"�U
100µA/cm2�0 10Å/min'��Yj[ 100Å��{!���,� ZnS F�%�,�YÆBw?sg0w3.� Ar+ �4�U 350eV���U 55mA � ZnS ,�U 1780Å�a�IB_d��o�H�h$��?grew,℄� InH���,�h$� AU 0.81mm2 ���,�[U 2µm) �\6���:pj<IBu�j3.��a MIS L.�H 2 U HgCdTe MIS L.�XH�

I 2

2.2 MIS XK6 C–V _h0Q1 MIS L.:pj<��KCj7s�a�B��/ire� 1 × 10−3Pa <��Q�KC	^l+���bLD_s�sD1>.h�M� C–V8�M�z+U�d KEITHLEYT$ Model 82–DOS �"�<L. C–V M�fD�IB7�}�o?�U 1MHz �t?U
7.5mV �}���po&'�U 50mV/s �
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3 C6�hRÆET-vjrxJ�
3.1 MIS C–V Zf64P8tipH 3 U� M� MIS L.�T2 (QS) s
1MHz C–V Zp� 77K h� 1MHz � C–V \flH?8��Æb�sY�i��J℄YO�i [Ci =

εiε0A

di
= 3.3 × 10−10(F ) M�T2�sY�i�q�] �oÆEJ$�	xb�,�y}o}�! R �� MIS C–V Zp,��6��rlz�U��� MIS L.y`H?

C–V Zp�2�#M�H?ZpJ�o}�!�y [5] �Eo}�!T	 [3]

R =

√

εiε0A

diCa
− 1 ×

di

εiε0Aω
= 295Ω		� ε0 UreF�W�� εi U℄YO�F�q#F�W�� di U℄YO��� A Uh��$�� Ca UH?Zp�sYM��i�

I 3

Q #< Ca F~$� A′ =
Cadi

εiε0
= 5.8 ×

10−7m2 < A = 8× 10−7m2 �.0b08"xbo}�!~<�<EE ( R ��yB MIS L. C–V 8o}�!�yT	 [3]

C =

1

Cm
±

√

1

C2
m

− 4R2ω2

2R2ω2
(1)#M�H?�i Cm J��,�y�b�y (	��℄YO�i Ci ≤ C0 ��	 (1) OoP[Do�� Ci > C0 ��M��ijl=��b=��sYK�	 (1) OoP[yo�)bmNYKe[Do�

Q C0 =
1

Rω
= 5.4 × 10−10(F )

		� ω U9?�� Ci = 3.3 × 10−10(F ) < C0 =

5.4 × 10−10(F ) �.0℄� MIS L. C–V Zpo}�!�yT	U
C =

1

Cm
−

√

1

C2
m

− 4R2ω2

2R2ω2

= 1.46 × 10−19

[

1

Cm
−

√

1

C2
m

− 1.37 × 1019

]

(2)#M�H?�i Cm ��B	 (2) J��y� C–V ZpjH 4 .
�

I 4

3.2 <H1B98GT: NfE
�D1Y�T	 [6]

LD =

√

εsε0kBT

e2p0
= 1.31 × 103

( εs

12

)1/2

×
( T

300K

)1/2(1015/cm3

p0

)1/2

[Å] = 150Å%�O[��r"� Nf b,�d�s0��℄YOOx�P2gd	-rVl�Ri�|Qs℄YO	[��r��� MIS L.wt C–V Zp����A.A{�� VFB���
VFB = Vms −

qANf

Ci
⇒ Nf =

Ci(Vms − VFB)

qA

[7]		� Vms =
Wm − Ws

q
��"s�bOZA{�i CFB o`�A{�� VFB

[6] �
CFB =

Ci

1 +
εiLD

εsdi

= 3 × 10−10(F )
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 12 � � � 7>E�y� C–V Zpb{ VFB = −1.5V �# P � HgCdTe o"�� Na ;�� ({j
Na ≤ 1 × 1017/cm3) �bguX�h�Æ5*> [8] �℄� MIS L. P � HgCdTe _�8!4�V� EF = Ei − kBT ln

Na

ni
= Ei − 0.0625�jH 5 .
�H	���Ts� qx ≈ 4.93eV [9] �"�<_�Ri� Ws = 5eV �H Q H�

In Ri� Wm = 3.8eV ∴ Vms =
Wm − Ws

q
=

−1.2V � ∴ [��r"�
Nf =

Ci(Vms − VFB)

qA
= 7.6 × 1010/cm2 (3)ZYm [10](��, �{!���#~O

ZnS%��X[F�D[��r"���℄� MIS L.%�O{�[�y�r"��ob4M�{!���#P2%W;`d�y2O℄�℄ OH- v�>v�i4
aF9h#%�OF\ [11] �?W�#sH�S&"9<H
ZnSg Oly�r8�)#sH�S&"9<� ZnS g OlD�r8 [12] �

I 5 `� P 	 Hg0.75Cd0.25Te 5|I
3.3 MIS LA276krU:>.
3.3.1 C–V �y� MIS ��z}���~�x|�v�	J�3.,�jH 6.
�h�� V�J℄YO�V Vis"�<K�VQ Vs |s�� V = Vi + Vs �H	

Vi =
−qAWNa(W )

Ci
, Vs =

−qW 2Na(W )

2εsε0

W Uh��U V �mNO|� [13] �bmN�2h#s	�3R9b�� dV = dVi + dVs �
MIS �X�iq�J℄YO�i Ci s"�<e&�rO�i Cs o}�H	 Cs Æ)L#��)F6�� 1

C
=

1

Ci
+

1

Cs
�

I 6 MIS AYnO�3Æ�W:D
Q "�<_�mNO|�U

W =
εsε0A

Cs
= εsε0A

( 1

C
−

1

Ci

) [7]

(4)e
W 2 = (εsε0A)2

[

( 1

C

)2

+
( 1

Ci

)2

−
2

CCi

]

∴ dW = εsε0Ad
( 1

C

)

dW 2 = (εsε0A)2

[

d
( 1

C

)2

−
2

Ci
d
( 1

C

)

]

Q h��6�� dV 5W}�e W
W + dW 1T3 Na(W ) �U���
∴ dVi =

−qANa(W )dW

Ci

=
−qA2εsε0Na(W )

Ci

d

�
1

C

�
dVs =

−qNa(W )

2εsε0

dW
2 =

−qNa(W )

2εsε0

×

24(εsε0A)2d

�
1

C

�2

−
2(εsε0A)2

Ci

d

�
1

C

�35
=

−qNa(W )εsε0A
2

2
d

�
1

C

�2

+
qNa(W )εsε0A

2

Ci

d

�
1

C

�
∴ dV = dVi + dVs =

−qA2εsε0Na(W )

Ci

d

�
1

C

�
+
−qNa(W )εsε0A

2

2
d

�
1

C

�2

+
qNa(W )εsε0A

2

Ci

d

�
1

C

�
=

−qNa(W )εsε0A
2

2
d

�
1

C

�2

=
qNa(W )εsε0A

2

C3
dC
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⇒ Na(W ) =

C3

qεsε0A2
×

�
dC

dV

�
−1

(5)o$�# MIS L.H? C–V ZpmNY [5]��W�� dC

dV
�E	 (5) �bWj Na(W ) �A�E	 (4) b��q<|� (W) �?g,f	o$3.b��_�AA|�s_�6�9C�J�3.+�bmNOM%>.h��<���6� dV��mNOk�')|6��e�r6��U

dQ ����6Æ�E�r6��,�bmNO3Y�)mNO3F�rA,�6����r Q = −qAWNa(W ) [6] �I Q W = εsε0A
( 1

C
−

1

Ci

)

∴ Q = −qNa(W )εsε0A
2
( 1

C
−

1

Ci

)ER9�i�7�
C =

dQ

dV
= −qNa(W )εsε0A

2
d

1

C
dV

= qNa(W )εsε0A
2C−2 dC

dV

⇒ Na(W ) =
C3

qεsε0A2
×

(dC

dV

)

−1E	MJ�3.,�fO℄qA�
3.3.2 HgCdTe z}���|���~�xU{lRi�Qs℄YO	[��r# C–

V Zp>v [6] �℄�� C–V Zp����A. |VFB | = 1.5(V) �jH 7 .
�

I 7

a��℄�E


















Na(W ) =
C3

qεsε0A2
×

(dC

dV

)

−1

W = εsε0A
( 1

C
−

1

Ci

)#�y�H? C–V ZpmNY (<� V > 0)��W Na(W )>s W 9;$U�%7sz%7b�_�6�)|�9C�jH 8 .
�mNO#yk� [13] U
Wdm =

[4εsε0kBT

q2Na
ln

Na

ni

]1/2

= 9 × 10−8m

I 8b0^j�HgCdTe _�<3��_�6�U 2.2 × 1016/cm3 �bM9$m�'�sD$2>vÆA<�� [5] �oM HgCdTeÆ,�_n"�< (P � HgCdTe Æ Hg eV_n"�<) �[F;Qv��Uy�xbP<_n�^gd�G�<3_nUyJ[9$�.�bM9$
a;H"�_nF\ [12] �)o�_n'yÆ~O ZnS %�L.[F;H9$*���V8 [14] (M9$H_�6���Eme&�rYk�6j�v)fy*nf�) �/Nbe
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