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�O¿��
�«#.V4ÿÁ(�, =3~5î� pnp V4¬N+Ä«L¡�z�þDÈ�»>4, ÏL
×£»4¤\>Ø, ¼�¦4 (8>4) >6�»4>Ø�CzA5, |^¥�>Ø{©l»�î� pnp V4¬N
+3ËìL§¥a)��zÔ�²>ÖÚ.¡�²>Ö. �©é�O�¬N+ÿÁ(�Úæ^�ÿÁ�{�
ä
N0�.
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1 Ú ó

V4ì�Ú>´�$JþËì�úOr�
A (enhanced low dose rate sensitivity, ELDRS), ´þ
V 90 c�Ð#uy��«>lË��A [1]. $
JþÇËì�úOr�A��3, é�m�1ì>
fXÚ���5�5�Û�, ùÚå
IS	Ê
U+��pÝ'5, Ý\
�þ�<åÚÔå, ?
1k'$JþÇËì�úOr�A�ïÄ [2−7]. ,
ïÄõ´é�[ì�½>´Ëì�ú?1�½
5©Û, ½þ�«�úÅn��´(6ISÊU.
�5Ã¯K. Chen �< [8−14] é½þ©lV4¬N
+Ëìa)"�?1
�X��&¢, ��´Jø

�A�©l�{, vkäN©lÑËìa)��
zÔ�²>ÖÚ.¡�²>Ö.

�©ÏL�O�«#.V4¬N+ÿÁ(
� —— »�î� pnp V4¬N+ (gate controlled

lateral pnp bipolar junction transistor, GCLPNP BJT),

/�7á - �zÔ - ��N|�A¬N+ (MOS-

FET) (��"�ÿÁ�n, ïá
 GCLPNP V4
¬N+�Ë�a)"�ÿÁ©Û�{, ½þ/©l
ÑËìa)"�, l��«p!$JþÇË�3
V4¬N+¥�)��zÔ�²>ÖÚ.¡�²
>Ö�oJþ�'X, ?�ÚuÐÚ�õ$JþÇ
Ëì�úOr�A�ÔnÅnC½
Ä:.

2 ì�Ú¢�

2.1 ììì������OOO���nnn���������

>lË�L§¥V4¬N+Ä - �(Ñ¦«
EÜ�A´��V4¬N+>6OÃP~�Ì�
�Ï [1,15]. >lË�¬3��Ná�¥a)"�,

ù
"���EÜ¥%¬~���N¥�ê16
fÆ·, ù?�ÚJp
EÜ�Ç, l��V4
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¬N+L�Ä4>6O�Ú>6OÃ~�, �¦¬
N+5Ueü$���. 3V4¬N+¥, �z�
¥�À�>ÖÚ.¡�.¡�²>Ö�ö�·Ü
�A´��5� [16]. >lËìL§¥, ��Ä«L
¡EÜ>6O\�Ì��Ï´�zÔ�²>Ö�
�)Ú u¥�NC�.¡�²>ÖO\. �zÔ
�²>ÖduÙ>Ö5UCÄ«L¡³, .¡�²
>ÖK��L¡EÜ>6�O\, ùü«>ÖéÄ
4>6K�´�p�. 3V4¬N+¥·�'5�
ÔnþØÓu MOS |�A¬N+, V4¬N+¥
¤ÿÁ�.¡�²>ÖÌ���´ uB�¥

NC�EÜ¥%, Ø´¥��K�>Ø�m�.
¡�²>Ö. ÏÏLÿþËìc�V4¬N+Ñ
\!ÑÑA5Cz, éJ½þ©l�zÔ�²>Ö
Ú.¡�²>Ö.

ã 1 GCLPNP V4¬N+îä¡«¿ã

ã 2 #.V4ÿÁ(�¢Ôã

Ïd, �
{zÿÁ, (Ü MOS |�A¬N+
Ëìa)"�ÿÁ©l�{, ·��O
�«#
.ÿÁ(�V4¬N+, «¿ãXã 1 ¤«, d(
�3~5î� pnp V4¬N+Ä«L¡�z�þ
DÈ�»4, ¬N+ p .u�«aqu MOS ¬N
+«, p .8>«aqu MOS ¬N+¦«, u�
4!»4Ú8>4�¤aqu PMOS |�A¬N
+�ÿÁ(�, Xã¥J�Ü©¤«, ù��±Ï
L»4¤\>Ø��¬N+Ä«L¡16fßÝ.

duL¡16fßÝ�±��, @o3�±��k
 ��^�e, ¬N+Ò�±3È\!Ñ¦!�
.�ªeó�, l�±4¬N+ÐyÑ MOS |
�A¬N+ÚV4¬N+�A5. |^»>4��
{Ò�±rËì�ú"�©lm5¿?1�A©
Û. ÏLÿÁ¦4 (8>4) >6�»4>ØCz�
¹, |^ MOS |�A¬N+¥Ëìa)"�>Ö
©l�{ —— ¥�>Ø{, ·�Ò�±½þ©l
ÑV4¬N+¥>lËìa)��zÔ�²>Ö
Ú.¡�²>Ö [8−11].

Á��¬d�[8¤>´I[:¢�¿\
ó��, 6¡\óc·�é�O�#.V4ÿÁ(
�|^ Silvaco ^�?1
O�Å�[�ý, ±¼
�ì�5Uýÿ, ¿�â�A�ó²��
ì�.

ì�Xã 2 ¤«, æ^V���ª>bµCó²,

Ù¥�)�4+!î� pnp V4¬N+!GCLPNP

V4¬N+���, 3d·�=é GCLPNP V4¬
N+\±©Û.

2.2 ËËËìììÚÚÚÿÿÿÁÁÁ¢¢¢���

Ëì¢�´3¥I�Æ�#õnzEâïÄ
¤��!� 60Co-γ Ëìþ?1�. ËìoJþ
� 1000Gy(Si), ËìJþÇ^9º1¡?1I½,

ÀJ{�I5½���e�JþÇ 0.5Gy(Si)/s ±
9�¢S�m$JþÇY²��� 0.13mGy(Si)/s.

¢��¬��u�â{�I���Y¾¶-ÝS
±�Ø$UÑ�K�, ��JþOr�A�u).

ËìL§¥, é GCLPNP V4¬N+\±�� 
�, =Ä4� +2V, u�4!8>4Ú»>4�/.

¢�æ�£ ÿÁ��{, »�¬N+ëê
|^ Hp4142 ��Nëê©Û¤?1æ8, ÿÁë
ê�: »×£>Ø, ¦4 (8>4) >6. Ëì¢�
9Ùëê�ÿþÑ´3¿§e?1�, zgëê
�ÿÁÑ3Ëì½ò»� 20 min S�¤. äNÿ
Á�{�: 4 (u�4)!Ä4�/, ¦4 (8>
4) � –0.3 V, »4\± –20—−90 V ×£>Ø, Ú
� 600 mV, ÿÁ¦4>6�»4>Ø�Cz�¹.

3 ¢�(JÚO�

GCLPNP V4¬N+���«#.ÿÁ(�,

duÄ«�z�þ»>4��3, ÙØ=äk~5
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V4¬N+�Ä�5U, qkaqu MOS |�A
¬N+�A5�. ã 3 ¤«� GCLPNP V4¬N
+��~5¬N+ó��, ØÓËìJþe8>4
>6�Ä - �(>Ø�Cz'X. dã¥�Cz
�±wÑ, ¬N+8>4>63��ËìL§¥Ä
�vku)Cz, ùé·�e©|^¥�>Ø{©
lV4¬N+¥Ëìa)"��)K�$�, �±
Ø��Ä.

ã 3 ØÓËìJþe8>4>6�Ä - �(>Ø�Cz

ã 4 ØÓËìJþe¦4>6�»4>Ø�Cz

»>4��3, V4¬N+q�±Ð«Ña
qu MOS |�A¬N+�A5. >lËìÚå
� GCLPNP V4¬N+�¦4 (8>4) >6�»
4>Ø�CzXã 4 ¤«, lã¥·��±wÑ,

�XoJþ�O\, ì�A5��»Ø����
¤£, Ó��5«�Ç�u)Cz, þãy�Ì�
´3>lËìL§¥, ¬N+a)��zÔ�²>
ÖÚ.¡�²>ÖÚå�. e¡·�(Ü MOS |
�A¬N+Ëìa)"�©l�{?1�[Øã.

¥ � > Ø { (subthreshold-current technique)

´ McWhorter Ú Winokur JÑ��«©l MOS

|�A¬N+¥Ëìa)"���{ [17]. §Ì�
|^
 uB�¥%=¥� �NC�.¡�²
>Ö¥>¥5, Ø¬ÚåK�>Ø¤£��n.

>lËì¬3¬N+¥a)�zÔ�²>Ö
Ú.¡�²>Ö, ùü«>ÖÑ¬ÚåK>Ø¤£,

Äk·��(½ã¥�K�Ú¥� �éA�
>6�. �â MOS |�A¬N+ I-V A5�, ¬
N+�¦4>6�±ÏLeªO��Ñ [18,19]:

ID = µ(
W

L
)Cox

α

2β2
(

n2
i

ND
)

×(1 − e−βVds)(
eβφs

(βφs − 1)1/2
), (1)

ª¥ β = q/kT ; W/L � MOSFET ��°�', 3
dCq�»>4°�'; ND �Ä«�,ßÝ; ni

� Si ��16fßÝ; Cox �ü ¡È�z�>
N; Φs � Si L¡³; ID Ú Vds ©O�¦4>6Ú¦
>Ø.

~ê α deª¦� [15]:

α =
√

2
εsi

εox

tox
Ld

, (2)

ª¥ tox ��z�þÝ; Ld � Ld = [εs/βqND]1/2

��~�Ý, εs ���N0>~ê, d?� Si 0
>~ê; εsi, εox � Si Ú SiO2 0>~ê; µ �Ä«
��16f[£Ç, §ÚK�>Ø Vth �deª¦
� [20]:

Ids =
W

L
µCox[(Vgs − Vth)Vds − V 2

ds/2]. (3)

� Vds é��, (3) ª�{z�

Ids =
W

L
µCox(Vgs − Vth)Vds, (4)

ª¥ Vgs �»>Ø=»>Ø.

ò Ids Ú Vgs �ê��\ (4) ª¥, ÏL¦)
�§|, l¦�16f[£Ç µ ÚK�>Ø Vth.

,�ò¦�� µ Ú Vth �\ (1) ª¥, ¦�B�
¥
 Φ = Φb = (kT/q)·ln(ND/ni) ?�¥�>6
� Img. ,¥�>6��~� (��� 0.01—

0.1 pA), ù�¥�>Ø� Vmg �UÏLé I-V æK
�?1�5[Ü	ò, l¥é��A�>Ø:.

�
©ldu�zÔ�²>ÖÚ.¡�²>
ÖÚå�K>Ø¤£, ·�I�©Ûùü«>Ö´
N�K�K>Ø¤£�. �â�U�>Ö�, .¡
�²©��Ì.ÚÉÌ..¡�². �Ì..¡�
²Ì� ud� Ev Ú¥� Ei �m, �W¿>f�
¥>¥5, ��>f�¥�>5; ÉÌ..¡�
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²Ì� u¥� Ei Ú�� Ec �m, �W¿>f�
¥K>5, ��>f�¥>¥5. �U�� Φb ¦
�¤�U? uB�¥
 Ei U�NC�, �Ì�
² u¤�U?±e, ÉÌ�² u¤�U?±þ,

d�.¡�²Ø�>, Ø¬�)�>Ö��²"�,

lé¥�>Ø¤£Ø¬�)�z. Ï¥�>Ø
¤£Ì�´du�zÔ�²>Ö��)Úå�, u
´k

∆Vot = (Vmg)rad − (Vmg)pre, (5)

(Vmg)rad Ú (Vmg)pre ©OL«Ëì�ÚËìc�
¥�>Ø�. K>Ø�¤£Ì�´d�zÔ�²>
ÖÚ.¡�²>ÖÚå�, =

∆Vth = ∆Vot + ∆Vit. (6)

lk

∆Vit = [(Vth)− (Vmg)]rad − [(Vth)− (Vmg)]pre. (7)

d (5) ªÚ (7) ª, ·�Ò�±O��ÑËìc�,

GCLPNP V4¬N+Ëìa)�zÔ�²>ÖÚ
.¡�²>ÖÚå�K>ØCz, Cz�Xã 5

¤«, ã¥I5 H L«pJþÇ 0.5Gy(Si)/s Ëì,L

L«$JþÇ 0.13mGy(Si)/s Ëì, ∆Vth L«Ëì
a)"�Úå�K>ØCz, ∆Vot Ú ∆Vit ©OL
«�zÔ�²>ÖÚ.¡�²>ÖÚå�K>Ø
Cz.

q

∆Not = (∆VotCox)/q, (8)

∆Nit = (∆VitCox)/q, (9)

Ù¥ Cox = εox/tox, ÏL (8) ªÚ (9) ªO�, ·�
Ò�±½þ©l>lËìL§¥, GCLPNP V4¬
N+a)��zÔ�²>ÖÚ.¡�²>Ö�õ
�, Xã 6 ¤«, Ù¥ ∆N L«Ëìa)o>Ö3
ËìÚò»L§¥Czþ, ∆Not Ú ∆Nit K�Ëì
a)��zÔ�²>ÖÚ.¡�²>ÖCz.

ã 5 GCLPNP V4¬N+Ëìa)"�Úå�K>Ø� (a)

oJþÚ (b) ò»�m�Cz

ã 6 GCLPNP V4¬N+Ëìa)"�� (a) oJþÚ (b) ò
»�m�Cz

4 ( Ø

�O¿��Ñ�^uËì¢�� GCLPNP V
4¬N+, ÏL¢�¼�¬N+Ëìc�¦4 (8
>4) >6�»4>Ø�5UCz, (Ü MOS |
�A¬N+Ëìa)"�ÿÁ©l�{ —— ¥�
>Ø{, ²LnØí�ÚCqO�, ½þ©lÑË
ìa)��zÔ�²>ÖÚ.¡�²>Ö, l�
©ÛV4¬N+$JþÇËì�úOr�AÚ�
�ÅnJø
�«k�Ãã. duV4ì�ØÓ
u MOS ì�, Ï�I�·�8�æ^Ù¦>Ö
©l�{\±�y.
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Abstract

In this paper, we design and fabricate a new test structure of bipolar device. A gate is deposited on the oxide layer covering the

base region of normal lateral pnp bipolar transistor. The characteristic of drain current (collector current) versus the gate voltage is

recorded by sweeping the voltage applied to the gate, then the subthreshold-current technique is used to separate the radiation induced

oxide trapped charges and interface traps in the gate controlled lateral pnp bipolar transistor during 60Co-γ irradiation. The test structure

and the measurement of the bipolar transistor used in the experiment are introduced in detail in this paper.

Keywords: subthreshold-current technique, gate control, lateral pnp bipolar transistor, charge separation
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