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.²; *¶ ¢" Jê¢ *� *¶ OÂö ��

f'Æ†
Áf&×Ánß&Áf^S

F^&�v �²Ò"�", N^&>êÚVF��²

Ö 330-150 ÏÎ jÖ� û;� .ÖÒ 100

Ëö²

�B&�v, ��VwÏbÒ�"
Ö 356-706 ÏÎ BÖ� ��� &�Ò 360

(2002j 5ú 23¢ Ar, 2002j 6ú 26¢ >;� Ar)

&*{(~1 kV)öB �ÿ>Ú > nA~ *~¢ áj > ®º .²; *¶ ¢"(microcolumn) Jê¢ *� *�2(probe) z
~ çã� �²& >º *¶ 7�ê~ ��j �Ò~&
. *�2 z~ �² çãf *¶ OÂö~ ßWö ~�~º�, ÿ¢
��~ 7�êö &~� thermal field emitter(TFE)� ãÖ ~20 nm� >� cold field emitter(CFE)� ãÖ ~10 nm� ©b
� �Ò>î
.
"BÚ : micro column, electron beam, electron emitter.

I. B �

*Ò .�&º ôf ª¢~ 7öb� ÒÏ>� ®
. 7öö

V� ª�Ëf 7ö~ 2Ëö jf~V r^ö ª�Ëj Ëç

�ÊV *~� 
f 2Ë~ .�&& ��>Úz
. ß®, �

7Ëj ª¢öB ª�Ëf &Ë 7º� æ>�B, ª�Ëj Ë

ç�ÊV *~� �{ >f�(i-line; 365 nm), ÷�^ .�&,

�Ò� ®² 
�^ .�&¢ �Ï~Vö ��&
. �
 7

ö~ ª�Ë �ê¢ ��~V *~� N^& �7öb� x-

ray, EUV(Extreme Ultra-Violet), �Ò� *¶z� "ÏA�

®
.

*¶z �7 Ëjº ¸f ª�Ëj &æ�, ¢>'b� 7�

�7 ËjöB ÒÏ>º �j &�~� *¶zj ÒÏ~� î

Ê� ì� ç7 
Ò~ö �7~º O��
. ~æò �¢ *

¶zj ÒÏ� �7 VFf �ÖW� 
Ö Ôj �² "ÏA

æ á~&b¾, �" f�z Bv~ *¶z VF� ��Nb

�� *¶z VF� î�² "ÏAVö ��&
. 

� ��öBº .²; *¶ ¢"j Jê~V *~� *¶

OÂö~ ßW" semiconvergent angleö V� *�2 z~

�² ��j �Ò~&
. V�~ *¶ ¢"f � �V& 1 m

;ê�� >� �" ��>� ®º .²; *¶ ¢"f 3~5

mm;ê� &*{öB � *~¢ áj > ®ê� Jê>îb

�, ��& *�~� *¶ 7� >N¢ �²z � > ®Ú W

Ëj Ëç�Ò > ®j öò� jî¢ �V& ·j f� ¢"

j ;W� > ®Ú �ÖWj ³V'b� Ëç�Ò > ®º Ë

6� ®
. 

II.  .²; ¢" ��

.²; *¶ ¢"f *¶ OÂö, z �ã�ÒB(aperture),

2® ¦ªb� ¾2 > ®
. *¶ OÂö~ Òòº "� k

ÊZ� �Ï>� n;B *¶zj áV *~� �� Ö��

©�
º >ã� > � nm� '(tip)� �ÏB
. 6� n;B

*¶zj áj öò� jî¢ '~ >«j ^² ~² *~�

öÛ;~ ^#� Î·~ 'j �Ï�
.[1,2]

�â 1(a)º .²; *¶ ¢"~ ��¢ �� "�, �â

1(b)º .²; *¶ ¢"~ 7�' ê�j �� &
. �â 1

öBf ?� 'öB OÂB *¶z~ ^Vº &ÖÊ ª�¢

��� semiconvergent angle αe� ¢æº�, *�2 z~ ç

ãj *�� zj ¾ BÚ� > ®ê� �ã�ÒB¢ �Ï~

� semiconvergent angle α0 nö ��B *¶ò Û"�Î
.

α0¢ 
Î semiconvergent angle�¢ ~º�, �º �ã�Ò

B¢ Û"� �f &¦ª �òö ê�~V r^�
. �ã�

ÒB¢ Û"~º *~º 'öB OÂB *~~ 1/10000 ;ê

��, �©f �ã�ÒB~ >ã� &Û > nm� 
Ö ·V

r^�
. �ã�ÒBö ~~� ��ê *¶
f §f �*~

*¶ ¢"j Û"~�B *¶
¢Ò Ïò� B�>º� ��

ö�zj ö.æ broadening� B�~² B
.

�ã�ÒB¢ Û"� *¶
f ÞË6j æ¾² >� ��

öB ÞË >N& �Z
. ÞË >Nº 
� >N
ö j~�

jv' ·V r^ö «« êÖöB B�>
 �
. *¶
f

îæïb� j�¶(einzel) 2®¢ Û"~² B
. j�¶ 2®

º 7�öB �j Îj"º "�2® ��j ~² B
. V¢

B 2®¢ Û"� *¶zf semiconvergent angle, α1~ º

* ÚöB þ2ö ê��
. 2®öB *¶zj Îbº ";

öB 7�öBf îR&æ� ï>Nf �� >N& B�>�,
†E-mail: yckim@sunmoon.ac.kr
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*¶ 2®
~ V�� ¾¦~æ pº �B Jº zî(coma)¢

<º
.

V¢B .²; ¢"j Jê�ö ®ÚB ï>N¢ �²z~

�, 2®ö ~� ' >»ö V� *�2 z~ çãj �²�

~º ©� � &��
. � ¢^öBº ï>Nº �� B�B

¢^~[3-5] ��V¢ �Ï~� semiconvergent angleö V�

*�2 z~ �' ��j �Ò~&
.

III.  *¶ 7�

*¶zj �Ï~� ;&� �;j >¯~V *~� *�2

z~ çãj �&� *�¢ �
. ��¾ �� &æ º�ö

~~� *�2 z~ çãj *�º �º �ê& ®
. &Ë

� º�b� >N¢ 
 > ®�, � <ö *¶
 *ö Ïò,

ÞË6ö ~� ÞË,�Ò� ². �� ®
. >Nöº ï>N,

�� >N, �Ò� zî(coma)& ®
. ï>Nf �� >Nº

2®öB B�~� *�2 z~ ßWj BF~V *~� �Ö

�¢� &Ë � ^B 7~ ~¾�
.

*¶z~ *¶
f n;zB ��öB OÂ>î
 ~z¢ê

*¶ ö.æ 8~ �^� æz� �~� ï>N& B�B
.

ï>Nö ~~� *¶z~ çã� 
æº�, �º dCc= Ccα1

∆V/V� �*B
. �VB Ccº ï>N ê>�� Sÿ

(perturbation)��j �Ï~� êÖB
.[6] ∆Vº *¶
~ ö.

æ broadening, ∆V� .²; ¢"ö �ÿ *{ 1 kVöB ∆V

º &Û 1 V�Ú�
. α1f þ2öB semiconvergent angle�


. �º �ã�ÒBöB~ semiconvergent angle α0f α0=

Mα1 &êö ®
. �VB Mf ¢" VN� 1�
 ·f 8�


. ��>Nö ~� z~ çãf dCs= 0.25Csα1
3
b� �*>

�, Csº ��>N ê>�
.[7] � <ö *¶z~ çãj Ö;

~º º²� OÂö~ *¶ OÂ '� �V d0ö ~� z ç

ãf Md0�� ².ö ~� z~ �V �
.

*öB Þ/� �� º²ö ~~� Ö;>º z~ çãf

Ö� �>(defect function)�¦V áj > ®
. Ö� �>º

·~ �>� ;~>� �Ê�~ 
Bæ>ö V¢ �²z>Ú

¢ �
. Ö� �> ψº �� º²
ö ~� Ö;B z~ ç

ã~ B��
. � Ö� �> ψ z~ çãj Ö;~º mB

~ º²
� ®j r

(1)

& B
. �VB diº ' º²
ö Ö;~º z~ çã��,

giº ' º²
~ Z²�>�
. Z²�> 8� �� �ö �

�~º º²& �« z~ �Vö � 'Ëj �~º ©j ~�

~� Z²�> 8� ·b� �ö ��~º º²& � 'Ëj

"æ á~º ©j ~��
. Z² �>& 0�� *& 'Ëj

"æ á~º ©j ~��
. V¢B *öB Þ/� º²
ö

~� �« z~ çã d1f

d1
2 = (Md0)2+ dd

2 + dCs

2
+ dCc

2
(2)

�
. * �j α1~ �>� ¦Ú��

(3)

�
. �Vö *¶
~ Ïòö ~� *¶z~ çã dtº *¶


~ >, ¯ *~ö jf~�, semiconvergent angle α1ö >

jf�
,¯ dt = 1.6Ü10−6 (I1/α1
2)2/3�
. �VB I1f �ã�

ÒB¢ �^ ¾Jº C *~� *¶ '" »Â *{(extractor

voltage)" �ã�ÒBö ~� Ö;B
. *¶ Ïò Î"¢ �

�~º �« *¶z~ çãj 
� ��

(4)

�â 2º "Úê *~ö &~� � (4)¢ �Ï~� semicon-

vergent angleö V� z çãj �Ö ©�
. semiconvergent

angle α1� 66 
öö V¢ z çãf 6²~
 
� Ã&~

º ãËj ��
.�©f �z¢öB .6j �ºº ©" ?f

öÒ�
. ¯, þ2~ *~& Ö;B ç�öB semiconvergent

anglej Ã&�Ê� 66 z çã� *Ú
Ú z~ �² çã

j <² >� .6� ¾ �f ©b� " > ®b�, � �ç

b� semiconvergent anglej Ã&�Ê� J®J z çã�

Ã&�
. z~ çãj �²� ~º semiconvergent anglef

z~ *~ö &� �>�B �¢ �Ï~� z~ �² çãf

�� > ®
. �â 2öB �Ff � (3)~ �« *¶z~ ç

dd= 1.5/α1 V

ψ= gi
2

i

m

∑ di
2

d1
2
= M d0( )2

+ 1.5
2

α1
2
V

----------+ 0.25Csα1
3( )

2
+ Ccα1

∆V
V

------- 
  2

d1
2
= M d0( )2

+dd
2
+dCs

2
+dCs

2
+ dt

2

= M d0( )2
+ 1.5

2

α1
2
V

----------+ 0.25Csα1
3( )

2

+ Ccα1
∆V
V

------- 
  2

+ 1.6 10
6–×( )

2 I1

α1
2

------
 
 
  4/3

�â 1. (a) .²; *¶ ¢" ��. (b) .²; *¶ ¢"~ 7
�' ê�.
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ã�� çF
f z~ çãö 'Ë~ "º º²
ö ~~�

Ö;B z~ çã�
.

�B *¶z çã~ �' ��ö &~� rj�¶. �â 2

öB " > ®º :f ?� "Úê *~ö &~� *¶z~

çã� �²& >² ~º semiconvergent angle α1j �~V

*~� � (4)~ d1j α1b� �ª~�

(5)

d
dt
-----d1=

9

2Vα1
3

-------------– +
3
8
---Cs

2α1
5
+ 2Cc

2 ∆V
V

-------– 
  2

α1
8
3
---– 1.6 10

6–×( )
2
I1
4/3α1

10/3–

2 Md0( )2
+

1.5
2

α1
2
V

----------+ 0.25Csα1
3( )

2
+ Ccα1

∆V
V

------- 
  2

+ 1.6 10
6–×( )

2 I1

α1
2

------
 
 
  4/3

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

�â 2. semiconvergent angleö V� z çã.

�â 3. CFE� ãÖ working distance& 1 mm¢ r *~ö V� *¶z~ �² çã. d0= 5 nm M = 0.3�� (a) Cs= 20 mm, Cc=
1 mm (b) Cs= 20 mm, Cc= 2 mm (c) Cs= 50 mm, Cc= 1 mm (d) Cs= 50 mm, Cc= 2 mm.

�â 4. TFE� ãÖ working distance& 1 mm¢ r (a), working
distance& 2 mm¢ r (b) *~ö V� *¶z~ �²
çã.
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� B
. j ò��Êº α1j �~� � 8j � (4)

ö &«~� êÖB d1f "Úê *~ö &~� *¶z~ �

² çã� B
. �-² áÚê *¶z~ �² çãf '~

«~ö V¢ � N�¢ ��
.

�â 3f CFE� ãÖ, �� >N 8ö &� *¶z~ �²

çãj �� &
. �â 3b�¦V *¶z~ çãf ��>N

ê> Cs �
 ï>N ê> Ccö z � 'Ëj Aº ©j r

> ®
. �©f j ò��Êº α1� 10−3 ;ê�æ

� α1
6ö jf~º ��>Nº α1

2ö jf~º ï>N �


*¶z~ çãö �~º 'Ë� ·V r^�
. CFE� ãÖ

*¶z~ çã� �' ��öB 10 nm �~(�â 3)� >�

TFE� ãÖ *¶z~ çã� �' ��öB &Û 20 nm(�

â 4)ªj r > ®
. �º &*{öB �ÿ~º ãÖ *¶

z~ ^V¢ �² ~V *~� '~ Nê¢ çß �VV r^

ö �' Î"& *¶z~ ßWj ÎÚNÒº ©j ~��
.

d1j �²& >² ~º semiconvergent angle α1f �â 5

öBf ?� "Úê *~ö ~�� öò� jî¢ OÂö~

«~öê ~��j " > ®
. ¯ �â 5öB TFE� ãÖ

iß1 nAöB �' semiconvergent anglef <0.4Ü10−2 radian

� >� CFE� ãÖ ~~0.8Ü10−2radian�
. TFE~ zçã�

CFE~ zçã �
 � >� �ö ��~º semiconvergent

anglef CFE ãÖ z � 8f <º
. �ö~� "Úê

working distanceö &~� TFE~ �² zçã� CFE~ �²

zçã �
 �V r^ö object lensöB ·f semiconvergent

anglej <² B
.

IV.  Ö�" ¢~

.²; ¢"~ *¶z~ �² çã ��j �Ò~&
. v

&æ *¶z OÂö CFEf TFE~ *¶z �² çãf ''

~10 nmf ~20 nm�
. 6� z~ çãf 1 nA�~~ *~ö

B n;B 8j <º
. *~~ ^V& z 
æ� *¶z~

çãf 6N Ã&~&
. V¢B *¶z~ çãj �²z~V

*~� *~¢ 1 nA �~� Fæ~�¢ �
. � 8f þ2

öB~ *~�V r^ö *¶ OÂööB~ C *~ 8f &

Û 10000V ;ê�æ� þ2öB 1 nA~ *~¢ Fæ~º

©f Ú[æ p
. V¢B *¶z~ �' ��j áV *~

� >N¢ �²� � > ®º *¶ ¢"j Jê�¢ �
.

�¢ *~� *¶ ¢" ��ö V� >Nö &� ��& ê

¯F ©�
.

6Ò~ &

� ��º ��"�Ò�(R01-2000-00035)~ æöö ~� >

¯>îb� �ö 6Ò�ãî
.
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d
dt
----- d1= 0

d
dt
-----  d1= 0

�â 5.*¶z~ çã� �²¢ r~ *~ö V� semiconvergent
angle α1.
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Studies of electron emitters for a miniaturized electron column design
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We examine the adjustment of the semiconvergent angle and current for the miniaturized micro column working at low voltage
but producing maximized current. Our study shows that the minimum electron beam sizes are 10 nm for the cold field emitter
(CFE) and 20 nm for the thermal field emitter (TFE) at a given condition.

Classification codes : OE.050, SM.020.


