
電界集束スピント型電界放射陰極アレイを用いた平
面撮像管に関する研究

言語: ja

出版者: 静岡大学

公開日: 2017-06-07

キーワード (Ja): 

キーワード (En): 

作成者: 本田, 悠葵

メールアドレス: 

所属: 

メタデータ

https://doi.org/10.14945/00010192URL



 

 

 
 
 

 
 
 
 
 

 

2016 12  



 

 

 



i 
 

1 ··························································································
1.1 ·············································································· 1
1.2 ··························· 6 

1.2.1 HARP ·························································· 6
1.2.2 ·························································· 6

1.3 ··············································································12 
1.4 ··············································································12 
 
 

2 ·········································· 16
2.1 ·················································································· 16
2.2 ·································· 16

2.2.1 ············································································ 21
2.2.2 ········································································· 22 
2.2.3 ······················································· 22
2.2.4 ·························································· 28

2.3 ·································· 28 
2.3.1 FEA ·················· 29 
2.3.2 FEA ·································· 34 
2.3.3 ··········································· 39

 
 

3 FE  ···· 47 
3.1 ·················································································· 47 
3.2 FEA ·································· 47 

3.2.1 ································································ 47
3.2.2 ··········································· 51

3.3 ······· 54
3.4 

·························································· 57
3.5 FE ···································· 60
3.6 FE ······································· 64 
3.7 ···················································································· 69
 
 
 
 



 

ii 
 

4 FEA
 ··············································································· 71 

 
4.1 ·················································································· 71 
4.2 FEA   

FEA ············································· 71
4.3 FEA  

FEA ············································· 78
4.4 ····················································································· 81 

5  ··························· 83 
5.1 ·················································································· 83 
5.2 NTSC

···················································· 83 
5.3 

········································································· 91
5.4 

······················································· 97 
5.5 ···················································································· 100 
 
 

6  ······················································································ 102 
6.1 ······················································································ 102 

6.1.1 FEA ················ 102
6.1.2 ···················· 104

6.2 ·························· 105 
 

 ·································································································· 108 
 

 ···························································································· 109 



- 1 - 
 

1  

1.1  

CCD (Charge Coupled Device) CMOS (Complementary 

Metal-Oxide-Semiconductor) 1-6)

7-11)

12) 13)

14)

NHK

HARP (High-gain Avalanche Rushing amorphous Photoconductor) 
15)

16)

HARP 1.1 HARP (a-Se)
15, 17-18) HARP

19)

HARP

HARP

a-Se

HARP

1.2

25 m HARP HARP

4 m HARP 25 m



1  

- 2 - 
 

HARP

0.8×108 V/m 1.0×108 V/m 600

4 m HARP 10

HARP HARP

1.3 25 m

HARP 4 m HARP

4 m HARP 25 m HARP

HARP

1.2

 HARP

1.1 HARP  

HARP

HARP

(b) HARP

(a) HARP



1  

- 3 - 
 

 1.2 HARP

1.3  

0 0.5 1 1.5
100

101

102

103

104

(A
rb

. U
ni

ts
)

HARP ( 108 V/m)

HARP 25 m ( 600
HARP 4 m 10

100 101 102 103 104 105
100

101

102

103

104

(Arb.Units)

(n
A

)

HARP 25 m ( 600
HARP 4 m 10

= 1



1  

- 4 - 
 

SK-H5000 15 m HARP 200 2/3

11mm HARP

62.5 lux F10 2/3 CCD

CCD 2000 lux F10 30
18) HARP 35 m 1000

: 0.3 lux, F1.7

(a) HARP

(b) CCD

0dB

+18dB

1.4 HARP CCD  



1  

- 5 - 
 

CCD 200 20) 1.4 HARP

CCD 0.3 lux F1.7

HARP 1.5

CCD (IICCD: Image Intensifier CCD) 21)

CCD (EBCCD: Electron Bombardment CCD) 22) IICCD

(MCP: Micro-Channel Plate) 2 10000

CCD EBCCD

kV CCD

1000

50%

CCD (EM-CCD: Electron Multiplying CCD) 23) HARP EM-CCD

 ( CCD)  ( CCD) 

CCD

1 2% 400 CCD

1000 EM-CCD

CCD

CCD

1.5  

CCD

CCD

CCD

HARP



1  

- 6 - 
 

CCD HARP

100%

X
16)

1.2  

1.2.1 HARP

HARP 1.1

HARP

 

100mm

(2/3 HARP )  

HARP  

CCD 0.5W HARP

9W ( ) 

 

HARP

HARP
24-25)  

 

1.2.2 

 (FEA: Field Emitter Array) 26-28)

 (FE: Field 

Emitter) HARP
29)  



1  

- 7 - 
 

FEA HARP 500V

1.6

1.7 1.8

128×96 180×180 m2

HARP

 

HARP  

10mm 1/10  

 

CCD 0.5W  

1.6 (FE) (FEA)

  

(FEA)

HARP

(a) (FE)

HARP

(b) 



1  

- 8 - 
 

 

1.8  

: 128 96

:    180 180 μm2

1.7 HARP  

(b) HARP

100 mm

10mm

(a)  



1  

- 9 - 
 

 

 

FEA –

 

FEA 2

 (  0.125 T) HARP
30) 1.9

1.10

FEA

1.11

640×480 20×20 m2  

2

 

FEA

640×480 FEA

10

 

 

 ( : 90mm 2

: 600g)  

FEA  

 

 

 

 

 



1  

- 10 - 
 

 

1.9  

: 0.125 T

(a) 

: 90 mm

(b) 



1  

- 11 - 
 

 

1.10 FEA 

1.11  

: 640 480

:    20 20 μm2

DS

G

FEA

FEA



1  

- 12 - 
 

1.3  

FEA FEA

FEA

(1 : 13.5ns)

 

FEA

 

FEA

FEA  

 

 

1.4  

1

2 2

3

FEA

4 FEA FEA

FEA  

5 FEA

FEA

 

6  



1  

- 13 - 
 

 

1) G. Weckler, “Operation of p-n Junction Photodetectors in a Photon Flux Integrating 

Mode,” IEEE J. Solid-State Circuits, vol. SC-2, no. 3, pp. 65-73, 1967. 

2) W. S. Boyle, and G. E. Smith, “Charge Coupled Semiconductor Devices,” Bell Syst. 

Tech. J. (Briefs), pp. 587-593, 1970. 

3) M. F. Tompsett, G. F. Amelio, W. J. Bertram, Jr., R. R. Buckley, W. J. McNamara,      

J. C. Mikkelsen, Jr., and D. A. Sealer, “Charge-Coupled Imaging Devices: Experimental 

Results,” IEEE Trans. Electron Devices, vol. ED-18, no. 11, pp. 992-996, 1971. 

4) P. J. W. Noble, “Self-Scanned Silicon Image Detector Arrays,” IEEE Trans. Electron 

Devices, vol. ED-15, no. 4, pp. 202-209, 1968. 

5) F. Andoh, K. Taketoshi, J. Yamazaki, M. Sugawara, Y. Fujita, K. Mitani, Y. Matuzawa,  

K. Miyata, and S. Araki, “A 250,000-Pixel Image Sensor with FET Amplification at 

Each Pixel for High-Speed Television Cameras,” IEEE Int. Solid-State Circuits Conf. 

vol. 33, pp.212-213, 1990. 

6) E. R. Fossum, “Active Pixel Sensors: Are CCDs Dinosaurs?,” Proc. SPIE. vol. 1900, 

pp.2-14, 1993 

7) F. F. De Hann, A. Van der Drift, P. P. M. Schampers, “The Plumbicon; a New Television 

Camera Tubes,” Philips Tech. Rev., vol. 25, pp. 133-151, 1963/1964. 

8) P. W. Weimer, S. V. Forgue, R. R. Goodrich, “The Vidicon Photoconductive Camera 

Tube,” Electronics, vol. 23, no. 5, pp. 71-73, 1950. 

9) CdSe

vol. 26, no. 9, pp. 755-761, 1972. 

10) 

, , 3-23, 1673. 

11) vol. 28, no. 11, pp. 884-888, 1974. 

12) Y. Ishihara, and K. Tanigaki, “A High Photosensitive IL-CCD Image Sensor with 

Monolithic Resin Lens Array,” Int. Device Meeting Tech. Dig., pp.497-500, 1983. 

13) N. Teranishi, A. Kohno, Y. Ishihara, E. Oda, and K. Arai, “No Image Lag Photodiode 

Structure in the Interline CCD Image Sensor,” IEDM Tech. Dig., pp.113-116, 1982. 

14) M. H. White, D. R. Lampe, I. A. Mack, and F. C. Blaha, “Characterization of 

Charge-Coupled Device Line and Area-Array Imaging at Low Light Levels,” IEEE Int. 

Solid-State Circuits Conf. XVI, pp.134-135, 1973. 

 

 

 



1  

- 14 - 
 

15) K. Tanioka, T. Matsubara, Y. Ohkawa, K. Miyakawa, S. Suzuki, T. Takahata, N. Egami, 

K. Ogusu, A. Kobarashi, T. Hirai, M. Hombo, and T. Yoshida, “Ultra-High-Sensitivity 

New Super-HARP Pickup Tube and Its Camera,” IEICE Trans. Electronics, vol. E86-C, 

no. 9, pp. 1790-1795, 2003. 

16) HARP JAXA 2

pp. 2-13, 2016. 

17) K. Tanioka, J. Yamzaki, K. Shidara, K. Taketoshi, T. Kawamura, S. Ishioka, and       

Y. Takasaki, “An Avalanche-Mode Amorphous Selenium Photoconductive Layer for Use 

as a Camera Tube Target,” IEEE Electron devices Lett. vol. 8, no. 9, pp. 392-394, 1987 

18) K. Miyakawa, Y. Ohkawa, T. Matsubara, T. Takahata, S. Suzuki, M. Kubota, N. Egami, 

K. Tanioka, K. Ogusu, A. Kobayashi, T. Hirai, T. Kawai, M. Hombo, and T. Yoshida, 

“Ultrahigh-Sensitivity HDTV New Super-HARP Camera,” Proc. SPIE, vol. 5677,     

pp. 26-34, 2005. 

19) K. Tanioka, K. Shidara, and T. Hirai, “A Highly Sensitive Camera Tube Using Avalanche 

Multiplication in an Amorphous Selenium Photoconductive Target,” Proc. SPIE, 

vol.1656, pp. 2-12, 1992. 

20) 

Super-HARP 

12-3, 2003. 

21) , , , , , , ,      

, IR HDTV ,  

, vol. 60, no. 3, pp. 378-383, 2006. 

22) T. Maruno, M. Shirai, F. Iwase, N. Hakamada, “Electorn Bombardment CCD Camera,” 

Proceedings of SPIE, vol. 3302, pp. 2-8 

23) J. Hynecek, “Impactron - A New Solid State Image Intensifier,” IEEE Trans. Electron. 

Devices, vol. 48, no. 10, pp.2238-2241, 2001. 

24) , , , , , 

, EID, , 96(340),    

pp. 13-18, 1996. 

25) , , , , , , ,    

,  HARP , vol. 54,   

no. 2, pp. 242-247, 2000. 

26) C.A. Spindt, I. Brodie, L. Humphrey, E. R. Westerberg, “Physical Properties of 

Thin-Film Field Emission Cathodes with Molybdenum Cones,” J. Appl. Phys., vol. 47, 

no. 12, pp. 5248-5263, 1976. 



1  

- 15 - 
 

27) S. Itoh, T. Watanabe, T. Yamamura, K. Yano, “A Challenge to Field Emission Displays,” 

Proc. Asia Display '95, no. S25-1, pp. 617-620, 1995. 

28) S. Itoh, T. Watanabe, K. Ohtsu, M. Taniguchi, S. Uzawa, N. Nishimura, “Experimental 

Study of Field Emission Properties of the Spindt-Type Field Emitter,” J. Vac. Sci. 

Technol., B13(2), pp. 487-490, 1995. 

29) Y. Takiguchi, K. Osada, M. Nanba, K. Miyakawa, S. Okazaki, T. Yamagishi, K. Tanioka, 

M. Abe, N. Egami, M. Tanaka, S. Itoh, “128×96 Pixel Image Sensor with HARP Target,” 

IEICE Trans. Electron., E85-C, 11, 2002. 

30) M. Nanba, Y. Takiguchi, Y. Honda, Y. Hirano, T. Watabe, N. Egami, K. Miya,         

K. Nakamura, M. Taniguchi, S. Itoh, and A. Kobayashi, “640 × 480 Pixel Active-Matrix 

Spindt-Type Field Emitter Array Image Sensor with High-Gain Avalanche Rushing 

Amorphous Photoconductor Target,” J. Vac. Sci. Technol., B28(1), pp. 96-103, 2010. 



- 16 - 
 

2  

2.1  

HARP

FEA

20° 30° 1) FEA HARP

HARP HARP

HARP

 (FED: Field Emission Display) 
2)  

 (

) 2 HARP

HARP

 

 

2.2  

3-7) HARP

FEA 2.1

1.9

 

2.2 HARP

HARP HARP

HARP

HARP  



2  

- 17 - 
 
 

2.1

FEA

HARP

2.2  

HARP

FEA

Vt



2  

- 18 - 
 

 

1.10

FEA TV

FEA

HARP

FEA HARP HARP

FEA HARP

HARP

FEA

HARP  ( ) 

HARP  

HARP (  

Vt )

(2.1 ) 8)  

ts

VkdttIsj
Ct

Vk
Ct
QVt

0

)(1      (2.1) 

Q HARP 1

Ct 1 HARP Vk

FEA ts 1 Isj

HARP

HARP V V

FEA FEA HARP

 

2.1 2.3

FEA 640× 480

20×20 m2 121 FE 1.9

2  (

: 90mm 2 : 600g) 

0.125T

FEA HARP 2.6mm HARP

15 m  



2  

- 19 - 
 

 

2.1  

2.3 FEA  

FE

HARP

640 480

20 20 m2

121

15 μm

700 V

HARP – FEA 2.6 mm

0.125 T

 1 %

 0.3 %

12
 m

m

12.8 mm

9.
6 

m
m

FEA

20 μm

14 μm
15 mm



2  

- 20 - 
 

 

2.4  

2.6mm

HARP



2  

- 21 - 
 

2.4 FEA NTSC(National 

Television System Committee) (1 80ns)

700V FEA 60V HARP 1550V

 (

0.3 lux F1.2) 1.11

 

 

2.2.1 

HARP HARP
7) ( ) 2.5 HARP

1200V 1550V 200

 ( CCD 30 ) 

HARP HARP

 

2.5 HARP  

102

0 500 1000 1500 2000
101

103

104

105

HARP (V)

(A
rb

. U
ni

ts
)



2  

- 22 - 
 

2.2.2 

7) 2.6

HARP

 ( 4.2 lp/mm) 

20 m (  25 lp/mm) 

56%

 

 

2.2.3 

HARP

HARP HARP

HARP HARP

HARP

HARP

 (

)  

FEA

2.7 0.2 A  

2.6  

0 5 10 15 20 250

20

40

60

80

100

(lp/mm)

(%
)



2  

- 23 - 
 

 

(a) 6.6 A

(b) 4.6 A

(c) 3.1 A



2  

- 24 - 
 

 

(d) 2 A

(e) 1.26 A

(f) 0.73 A

2.7 FEA  



2  

- 25 - 
 

1600

(1600 ) 2 A

HARP  ( ) 

HARP HARP

2 A

FEA HARP

45%

HARP 0.9 A ( FEA

2 A ) HARP

0.2 A HARP

FEA

 

HARP

FEA 2.8

50% ( 0.1 A ) 

 ( ) 2  (RMS) 

 (0.1 A)  

2.8  

45 50 55 60 65
0

1

2

3

4

5

FEA (V)

(%
)

40



2  

- 26 - 
 

56V 56V

56V

 ( ) 

FEA

2.9

441

1/60s Duty

4.8%

FEA

56V 1 A/pix

56V

FEA 1 A/pix

FEA

1 A/pix HARP 0.45 A/pix

( 45%)  HARP 0.1 A

HARP

2.9  

3 6 9 12 15
0

0.1

0.2

0.3

0.4

0.5

( A/pix)

0 1 2 4 5 7 8 10 11 13 14

56V

58V

60V



2  

- 27 - 
 

56V

FEA HARP

 ( ) 

 (700V) HARP  (  Vt = 11.29V: 2.1 ) 

HARP

HARP

HARP

2.10 9-10) (HARP

) HARP

HARP ITO (Indium Tin Oxide) ITO

HARP ITO  (ITO ) 

ITO ITO 60V ITO

ITO ITO

FEA

 

FEA

1 A/pix  

2.10  

10 20 40 50 60
10-3

ITO (V)

IT
O

(A
rb

. U
ni

ts
)

300

10-2

10-1

1

10



2  

- 28 - 
 

2.2.4 

HARP

FEA

1 A/pix

90mm 2 600g

 

2.3  

FEA

FEA FEA

 

FEA FEA

( 2.11) FEA

( 2.12) 11-13)

FEA

FEA

1 A/pix  



2  

- 29 - 
 

FEA

FEA FEA
14)  

2.3.1 FEA 14)

FEA

2

2.12 FEA

FEA 

FEA

2.11 FEA

FEA 



2  

- 30 - 
 

HARP

(Lg)

(Lf) (Li) HARP

2.13 FE

 

Ib

Vg

Vf

Li

Vm

v0vz0

z

Lg

Vt

It

Ib

If

Ig

Lf

HARP

0 60

A

A

A

A

0.7mm

0.5mm

r
r = 10nm



2  

- 31 - 
 

(COBHAM OPERA3D)

3 15) 3

2.13 FE

FE

HARP 0.7mm 0.5mm

FE

1.0 m

60V 500V (Vf) HARP

10nm

0° 60° v0

em
kTv 8

0 (2.2) 

cos00 vvz )600( (2.3) 

k T [K] me [kg] vz0

z [°] 2.2 2.3

3

Fouler-Nordheim 16)

FE

HARP

(Lg) 0.2 m 0.9 m

FE (Ib)

2.14 FE (Lf) 0.2 m (Li) 0.3 m

2.14 (Ib) Lg = 0.2 m

(Ib)

FE (Ib) (Lg) 0.2 m

0.5  Lg  0.7 m Lg = 0.2 m

8 Lg  



2  

- 32 - 
 

(Ib)

0.2  Lg  0.9 m

 

(Li) 0.3 m 1.0 m

FE (Ib)

2.15 FE (Lg) (Lf) 0.2 m

2.15 (Ib) Li = 0.3 m

(Ib)

FE (Ib) (Li) 0.3 m

0.7  Li  0.9 m Li = 0.3 m

2.5 0.3  Li  1.0 m

 

2.14

 

1.0

FE
(I b

)
H

A
R

P
(

)

0.2 0.4 0.6 0.8
0

2

4

6

8

10

: Lg ( m)

(Ib)



2  

- 33 - 
 

FE

FE

 

2.15

 

1.00.2 0.4 0.6 0.8
0

2

4

6

8

10
FE

(I b
)

H
A

R
P

(
)

: Li ( m)

(Ib)



2  

- 34 - 
 

2.3.2 FEA14) 

2 FEA

2

(Lg) FEA 0.2 m 3

0.5 m 2 FEA (Lf) 0.2 m

(Li) 0.3 m 20 20 m2 FEA

15 15 m2 FE 121 0.5 m

FEA 2.16

1 m

FEA FEA

FEA

2.17 FEA

60V 2kV FEA–

1.33mm 2.18 –

120 (120

) (Lg) 0.2 m 0.5 m

(Ia) (Vf)

Lg = 0.5 m Ia Lg = 0.2 m

Vf = 15V (Ia) 0.18 A/pix (Lg = 0.5 m) 0.037 A/pix 

(Lg = 0.2 m) (Lg) 0.2 m 0.5 m

(Ia) 4.8 2.19 –

0.5 m 0.2 m

FEA (Ic)  

2.16 FEA  

1 m
(Lg = 0.5 m)



2  

- 35 - 
 

 

2.17 FEA  

2.18 –  

Vg

Vf

0.3 m

z

Lg

Va

Ia

If

Ig

0.2 m

Ic

1.33mm

A

A

A

A

0

Vf (V)

0

0.2

0.4

0.6

0.8

1.0

10 20 30 40 50 60

Lg = 0.5 m

Lg = 0.2 m

I a
(

A
/p

ix
)



2  

- 36 - 
 

0.5 m Ic 0.2 m

1 A/pix

 

2.20

2.21 60V

13V 50 m

(60V)

1/6 20 20 m2

 

0.5 m FEA

100 75 20 20 m2 HARP –

0.5mm – FEA 0.7mm  

2.19 –  

0

Vf (V)

0

0.6

0.8

1.0

1.2

1.6

10 20 30 40 50 60

Lg = 0.5 m

Lg = 0.2 m
I c

(
A

/p
ix

)
1.4

0.4

0.2



2  

- 37 - 
 

 

2.20  

2.21  

0

100

200

300

400

0 10 20 30 40 50 60

Vf (V)

(
m

)
Vf = 8V Vf = 13V Vf = 60V



2  

- 38 - 
 

FEA NTSC (1 80ns)

40 m 2.22

13V

2.22

0 1 ( 0, 1) 3

60 m

2.23 ”NHK” 60V  

2.23 FEA  

2.22 40 m  

(
)

0
0

0.6

0.8

1.0

0.4

0.2

2 4 6 8-2-4-6-8

Vf = 13VVf = 60V

: 100 75

:    20 20 μm2



2  

- 39 - 
 

13V ”NHK”

 

2.3.3 

FEA

 

0.18 A/pix

1 A/pix

( ) 50 60 m

20 20 m2)  

 

FEA

2.24

Becker 17)

gVE       (2.4)

r
dr 2ln

2       (2.5)

2.4 2.5 E Vg

FE r d

1.0 m 0.1 m

2.25 10nm



2  

- 40 - 
 

1 m 60V

0.5 m 51V

1.0 m 60V

FEA

1.0 m, 0.8 m, 0.6 m, 0.5 m 2.26

2.24

 

( m)

0

20

30

40

50

70

0.1 0.2 0.3 0.4 0.5 0.6

(V
)

60

10

0
0.7 0.8 0.9 1.0

2.25

 

Vg

d d

r



2  

- 41 - 
 

1.0 m

0.5 m

54V 1.0 m 60V

0.5 m

0.6 m FEA

FEA FEA

0.6 m

FEA 0.6 m

( ) 50 60 m

20 20 m2)

14)

FEA

FE

HARP ( )

2.26 1.0 m, 0.8 m, 0.6 m, 0.5 m FEA

  

(V)

30
1

35 40 45 50 55 60

(
A

/ti
p)

65

10-1

10-2

10-3

10-4

10-5

10-6

0.5 m
0.6 m
0.8 m
1.0 m



2  

- 42 - 
 

(

)

FE FE

FE

2.27

(Lg), (Lf), (Li)

0.5 m, 0.2 m, 0.3 m – FEA

1.33mm 2kV

1.0 m z

60V 18V, 13V, 8V 3 2.28

x (+)

x (-)

100

 

2.29

1.0 m, 1.5 m, 2.0 m, 2.5 m

2.30

0.1 m 13V 2.27

2.0 m 0 m 2.5 m

2 m

1.5 2.5

2.0 m ( 2

)  



2  

- 43 - 
 

 

2.27

 

0 0.05 0.1 0.15 0.2 0.25
-40

-30

-20

-10

10

0

Vf = 8V

Vf = 13V

Vf = 18V

( m)

(
m

)

2.28

 

Vg

Vf

0.3 m

z

0.5 m

Va

0.2 m

1.33mm

x0

1.0 m



2  

- 44 - 
 

2.29

 

2.30

 

( m)

0

0
-2

4
6

10

0.5

8

1.0

2

-4
-6
-8

-10
1.5 2.0 2.5 3.0

(
m

)

0.1 m

Vg

Vf

0.3 m

z

0.5 m

Va

0.2 m

1.33mm

x

1.0, 1.5, 2.0, 2.5 m

0.1 m

1.0 m



2  

- 45 - 
 

 

1) S. Itoh, T. Watanabe, K. Ohtsu, M. Taniguchi, S. Uzawa, N. Nishimura, “Experimental 

Study of Field Emission Properties of the Spindt-type Field Emitter,” J. Vac. Sci. 

Technol. B, vol. 13, no. 2, pp. 487-490, 1995. 

2) S. Itoh, T. Watanabe, T. Yamamura, K. Yano, “A Challenge to Field Emission Displays,” 

Proc. Asia Display '95, no. S25-1, pp. 617-620, 1995. 

3) 

1 256×192 HARP

ED vol. 104,     

no. 520, ED2004-12, pp. 13-18, 2004. 

4) Yoshiro Takiguchi, M. Nanba, K. Osada, T. Watabe, S. Okazaki, N. Egami, K. Tanioka, 

M. Tanaka, and S. Itoh, “256×192 Pixel Field Emitter Array Image Sensor with 

High-Gain Avalanche Rushing Amorphous Photoconductor Target,” J. Vac. Sci.  

Technol. B, vol. 22,  no. 3, pp. 1390-1395, 2004. 

5) 

1 256×192

HARP vol. 59, no. 3, pp. 396-402, 2005. 

6) N. Egami, M. Nanba, Y. Takiguchi, K. Miyakawa, T. Watabe, S. Okazaki, K. Osada,    

Y. Obara, M. Tanaka, and S. Itoh, “50×50 m Pixel Magnetic Focus Field Emitter Array 

Image Sensor with High-Gain Avalanche Rushing Amorphous Photoconductor Target,”     

J. Vac. Sci. Technol. B, vol. 23, no. 5, pp. 2056-2061, 2005. 

7) M. Nanba, Y. Takiguchi, Y. Honda, Y. Hirano, T. Watabe, N. Egami, K. Miya,         

K. Nakamura, M. Taniguchi, S. Itoh, and A. Kobayashi, “640 × 480 Pixel Active-Matrix 

Spindt-Type Field Emitter Array Image Sensor with High-Gain Avalanche Rushing 

Amorphous Photoconductor Target,” J. Vac. Sci. Technol. B, vol. 28, no. 1, pp. 96-103, 

2010. 

8) 

HARP

 ED vol. 105,    

no. 257, ED2005-113, pp. 27-32, 2005. 

9) , 

, ED75-12, 1975. 

10) 

, vol. 32, no. 3, pp. 217-223, 1978. 

 



2  

- 46 - 
 

11) J. Itoh, Y. Tohma, K. Morikawa, S. Kanemaru, and K. Shimizu, “Fabrication of 

Double-Gated Si Field Emitter Arrays for Focused Electron Beam Generation,” J. Vac. 

Sci. Technol. B, vol. 13, no. 5, pp.1968-1972, 1995. 

12) L. Dvorson and A. I. Akinwande, “Doulble-Gated Spindt Emitters with Stacked 

Focusing Electrode,” J. Vac. Sci. Technol. B, vol. 20, no. 53, 2002. 

13) Y. C. Lan, J. T. Lai, S. H. Chen, W. C. Wang, C.H. Tsai, Y. Sheu, “Simulation of 

Focusing Field Emission Devices,” J. Vac. Sci. Technol. B, vol. 18, no. 2, pp. 911-913, 

2000. 

14) Y. Honda, Y. Takiguchi, N. Egami, M. Nanba, Y. Saishu, K. Nakamura, and          

M. Taniguchi, “Electrostatic Focusing Spindt-Type Field Emitter Array for an Image 

Sensor with a High-Gain Avalanche Rushing Amorphous Photoconductor Target,” J. Vac. 

Sci. Technol. B, vol. 29, no. 4, pp.04E104.1-04E104.5, 2011. 

15) P. Girdinio, M. Repetto, and J. Simkin, “Finite Element Modelling of Charged Beams,” 

IEEE Trans. Magn., vol. 30, no. 5, 1994. 

16) R. H. Fowler, L. Nordheim, “Electron Emission in Intense Electric Fields,”        

Proc. Royal Society A, vol. 119, no. 781, pp. 173-181, 1928. 

17) J. A. Becker, “The Use of the Field Emission Electron Microscope in Adsorption Studies 

of W on W and Ba on W,” The bell system technical journal, pp. 907-932, 1951 



- 47 - 
 

3  

FE

3.1  

FEA

FEA

FEA

0.6 m 2.4 m

FEA

FE

FE

FE  

 

3.2 FEA1-2) 

3.2.1  

FEA

FEA

2.3.3 2

0.6 m

0.6 m 2.4 m

FEA FEA

FE 3.1 0.6 m



3 FE  

- 48 - 
 

1.5 m 0.2 m 0.6 m

2.4 m 100×75

20 20 m2 FE 39 3.2

FEA

HARP 0.7mm 0.5mm

(Vg) (Vm) 60V 500V

FEA NTSC (1

80ns) 3.2 Vt HARP ( )

HARP HARP

HARP (It) 0A 3.3

100×75

FEA (Ic) FEA

(Ib) (Ig) HARP (It) (If)

(If) 0A (Ic)

(Vf) Vf = 60V Ic

4.3 A/pix 2.19 FEA (Ic)

Vf = 60V 0.9 A/pix( 0.5 m ) FEA

(Ic) 4.7

FEA (Ib)

(Vf) Vf = 15V Ib 0.9 A/pix

(Ig) Ig (Vf)

3.1 FE

 

1 m

1.5 m

0.6 m



3 FE  

- 49 - 
 
 

3.2  

3.3 FEA

 

Ic

Ib

Ig

0 10 20 30 40 50 60
0

2.0

3.0

4.0

6.0

Vf (V)

(
A

/p
ix

)

1.0

5.0

Vg

Vf

1.5 
m

HARP

Vm

0.6 
m

Vt

It

Ib

If

Ig

A

A

A

A



3 FE  

- 50 - 
 

(Vf)

FEA

(Ib) Vf = 15V

) 3.4 FEA

(Ib) (Ib)

100

1/60s Duty 4.8%

FEA
(Vf) (Vg) 60V Ib

1 A/pix

1 A/pix (Vf) 15V

Ib 0.5 A/pix 100 2

1 A/pix  

3.4 FEA

(Ib)  

0 2 4 6 8 10

FEA
Ib ( A/pix)

0

10

20

30

40

50

Vf = 15 V

100 
FE 39 /

Vf = 60 V (=Vg)



3 FE  

- 51 - 
 

3.2.2  

FEA

FEA

2

1 (Vg) 60V (Vf) 15V

2 (Vf) (Vg) 60V

3.5

FEA 0.6 m

1.5 m 0.2 m 0.6 m

2.4 m 100×75 20

20 m2 FE 39 FEA NTSC

(1 80ns) 3.6

( 1)

3.4 100 20

FEA

1 A/pix

FEA ( 2)

2

(Ib) 1 A/pix FEA

3.4, Vf = 60V (Ib) )

( 1)

( 2)



3 FE  

- 52 - 
 

3.5  

Vg

Vf

1.5 
m

HARP

Vm

0.6 
m

Vt

It

Ib

If

Ig

Vg

1.5 
m

HARP

Vm

0.6 
m

Vt

It

Ib

Ig

( 1)

( 2)

A

A

A

A

A

A

A



3 FE  

- 53 - 
 

FEA

FEA

FEA ( 0.9 m 0.6 m )

4.3 A/pix( 4.7 Vf = 60V)

FEA 0.5 A/pix(Vf = 15V)

1 A/pix

(Vf)

Vf = 15V

FEA

FEA

3.6 FEA

 

( 1) : Vf = 15V

( 2) : Vf = Vg = 60V

( ) FEA: 

FE : 39 /

: 100 75

: 20 20 m2



3 FE  

- 54 - 
 

FEA

 

3.3 
1, 2, 4) 

FEA

3.1

FE 3.7

FE

(COBHAM OPERA3D)

(v0) (vz0)

 

em
kTv 8

0 (3.1) 

cos00 vvz )600( (3.2) 

k T [K] me [kg] vz0

z [°]

FE (Ib) (Ic)

(Ig) (Vf) 3.8

(Vg) (Vm) 60V 500V

(If) 0A

FE (Ib, Ic, Ig)

FEA ( 3.3) FE (39

) (Ic)

FE

(Ib) (Vf)

(Ig) (Vf)  



3 FE  

- 55 - 
 
 

3.7 FE

 

3.8  

Ic ( )

Ib ( )

Ig( )

Ib ( )

Ig( )

Ic ( )

Vf (V)

(n
A

/ti
p)

0 10 20 30 40 50 60
0

40

80

100

120

140

160

60

20

Ic

Ib

Vg

Vf

1.5 
m

HARP

Vm

v0vz0

z

0.6 
m

Vt

It

(0 60 )

Ib

If

Ig

A

A

A

A



3 FE  

- 56 - 
 

Ib Ig

 

FE

(

ITO ITO

) 3.9

3.10

(Vm) 500V (Vg) (Vf) 60V

(Va) 60V

Va < 60 V

Va < 15 V

0

3.9 ( – )  

Ia

Vg

Vf

1.5 
m

Vm

v0vz0

z

0.6 
m

Va

Ia

(0 60 )

A



3 FE  

- 57 - 
 

FE (Ib)

FE (Ib)

 

3.4 
1-2) 

3.11

FE

nvv0 (3.3) 

cos00 vvz )( 1nn (3.4) 

vn 1

( n    n+1)

(vn) ( n)

(v0) ( )

3.10 ( – )

  

0 20 40 60 80 100
0.001

0.01

0.1

1

10

Va (V)

I a
(

)



3 FE  

- 58 - 
 

v0

2

3.3 3.4

3.12

3.13

3.12

26

35°

3.14

FE (Ib) (Ic)  

(Ig) (Vf) Ib Ig

3.11

 

Ib

Vg

Vf

1.5 
m

HARP

Vmvnvz0

z

0.6 
m

Vt

It

( n n+1)

Ib

If

Ig

A

A

A

A



3 FE  

- 59 - 
 

3.12  

3.13 ( – )

 

0 20 40 60 80 100
0.001

0.01

0.1

1

10

Va (V)

I a
(

)

0 20 40 60 80 90
0

1

2

3

4

( )

(
m

 / 
s)

10 30 50 70

5
1012



3 FE  

- 60 - 
 

3.5 FE1, 3-6) 

FEA (Ic)

(Vf) (Vg)

60V Ic 1 A/pix( ) 4.3 A/pix( )

FEA (Ib) Vf

Vf = 15V Ib 0.5 A/pix( ) 0.9 A/pix

( ) 3.3 3.4

FEA ( )

1 A/pix

FEA

3.4 FE

FE 3.15 FE

3.14  

Vf (V)

(n
A

/ti
p)

Ic ( )

Ib ( )

Ig( )

Ib ( )

Ig( )

Ic ( )

0 10 20 30 40 50 60
0

40

80

100

120

140

160

60

20



3 FE  

- 61 - 
 

FE

3.1

FE

FE

3.4

(hf)

0.2 m (hf = -0.2 m)

(hf = 0 m) (Vg) (Vm) 60V

500V 3.16 FE

(Ib) (Vf) (Ic)

(Vf)

FE (Ib)

(Ic) (Vf) (Vg) 60V

(hf = -0.2 m, 0 m)

(Vf) (Vg)  

3.15 FE

 

0.2 m

Ib
vnvz0

z

0.6 m

( n n+1 )

HARP

Vg

Vf

Vm

Vt

It

Ib

If

Ig

A

A

A

A



3 FE  

- 62 - 
 
 

3.16  

0 10 20 30 40 50 60
0

0.4

0.6

0.8

1.2

Vf (V)

FE
I b

(
)

0.2

1.0

(hf = -0.2 m)
(hf = 0 m)

0 10 20 30 40 50 60
0

0.4

0.6

0.8

1.2

Vf (V)

FE
I c

(
)

0.2

1.0

(hf = -0.2 m)
(hf = 0 m)

(a) FE (Ib)
(Vf)

(b) FE (Ic)
(Vf)



3 FE  

- 63 - 
 

FE (Ib)

(Ib)

0.2 m

(hf = -0.2 m) Ib (hf = 

0 m) (Vf) 15V

Ib 0.73 ( hf = -0.2 m) 0.68 (

hf = 0 m) 0.4 ( )

0.2 m (hf = -0.2 m) 73%

(Ib)

1.8 (Ic)

(hf = -0.2 m, 0 m)

 

(hf = 0 m) 0.2 m

(hf = -0.2 m)

(hf = -0.2 m) (Ib)

1.8  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 FE  

- 64 - 
 

3.6 FE1, 3, 7-8) 

FE

FE

FE7-8)

FE

3.17 3.18

FE

FE

FE (Ib) 3.4

3.19 (

)

12
0 109.2v ]/[ sm (3.5) 

cos00 vvz )900( (3.6) 

0° 90°

0.2 m

HARP

(Vg) (Vm) 50V

500V

FE 10

FE

FE (10 ) FE

(Ib) (Vf)

3.20 FE (Ib)

(Vf) 15  Vf  50V Vf

Ib Vf = 15V

FE (Ib)

Ib 45.3 nA/tip

FE (Ib = 23.6 nA/tip) 1.9

3.21 FE (Ig)



3 FE  

- 65 - 
 

3.18 FE

 

0.5 m

0.2 m

3.17 FE

 

Vg

Vf

Vm

Ib
v0vz0

z

0.2 m
(0 90 )

Vt

It

Ib

If

Ig

HARP

A

A

A

A



3 FE  

- 66 - 
 

3.20 FE (Ib)

(Vf)  

3.19 ( – )

 

0 10 20 30 40 50 60
0

20

40

60

80

100

Vf (V)

FE
I b

(n
A

/ti
p)

10 20 30 40 50 60
0.01

0.1

1

10

Va (V)

I a
(

)



3 FE  

- 67 - 
 

(Vf)

(Ig) 15  Vf  50V 2nA/tip

(Vf) 15V 40nA/tip

(Vf) 15V

(Ig) 3.22

FE (Ic) (Vf)

(Vf) (Vg) 50V

(Ic) 82.4nA/tip Vf Ic

(Vf)

FE

(Ib)

(Ic)

FEA

(Ib) (Vf = Vg) (Ic)

 (Ib/Ic) FE

(Ib/Ic) (Vf) (Vg)

(Vf) 15V (Ib/Ic)

3.21 FE (Ig) (Vf)  

0
0 10 20 30 40 6050

20

40

100

160

140

120

80

60

Vf (V)

FE
I g

(n
A

/ti
p)



3 FE  

- 68 - 
 

(Ib/Ic) 0.55 FEA Vf = 15V

 (Ib/Ic) 0.21

2.6

FE

FE

FE 1.8 1.9

FE FE

( –

)

FE 3.5 3.6 1

FE 3.12

FE

2 1

3.22 FE (Ic) (Vf)  

0
0 10 20 30 40 6050

20

40

100

160

140

120

80

60

Vf (V)

FE
I c

(n
A

/ti
p)



3 FE  

- 69 - 
 

FE

2 1

3.7  

FEA

FEA

FEA

FEA

( – )

FE

FE

FE

FE 1.8 1.9

FE



3 FE  

- 70 - 
 

 

1) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, Masayoshi Nagao, 

Yoichiro Neo, Hidenori Mimura, and Norifumi Egami, “Double-Gated, Spindt-Type 

Field Emitter With Improved Electron Beam Extraction,” IEEE Trans. on Electron 

Devices, vol. 63, no. 5, pp. 2182-2189, 2016. 

2) 

FEA-HARP

 vol.115, no.264, ED2015-56, pp.11-14 2015. 

3) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, Masayoshi Nagao, 

and Norifumi Egami, “Electrostatic-Focusing Spindt-Type FEA with Improved 

Electron-Beam Extraction Efficiency for FEA-HARP Image Sensor,” The 21st 

International Display Workshops (IDW '14), FED1-2, pp. 579-582, 2014. 

4) 

ED vol.114, no.262, ED2014-63, pp. 7-10, 2014. 

5) FEA-HARP

9-2 2014. 

6) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, and      

Norifumi Egami, “Electrostatic-Focusing Spindt-Type FEA with Improved 

Electron-Beam Extraction Efficiency for Image Sensor with HARP Target,” 27th 

International Vacuum Nanoelectronics Conference (IVNC 2014), S3 C-1, pp.19-20, 

2014. 

7) M. Nagao, T. Yoshida, T. Nishi, and N. Koda, “A Novel Fabrication of Spindt-Type Field 

Emitters with Focusing Electrodes,” Tech. Dig. IVNC, I26, pp. 110-111, 2012. 

8) M. Nagao, and T. Yoshida, “Fabrication of Gated Nano Electron Source for Vacuum 

Nanoelectronics”, Microelectron. Eng., vol. 132, pp. 14-20, 2015. 

 



- 71 - 
 

4  
FEA

4.1  

FEA

FEA 4.7

FEA 0.5 A/pix

1 A/pix

FE

0.2 m

FE

( 1.5 m ) FE

1.8 1.9

0.2 m

FEA

FEA

FEA FEA

FEA  

 

4.2 FEA FEA
1) 

FEA



4 FEA  

- 72 - 
 

0.2 m

FE (

1.5 m ) FE 1.8 1.9

3

FEA

FEA FEA

FEA2-3)

FE

4.1(a)

FEA

FEA

FEA FE FEA 4.2

FEA HARP

FE

FEA

1.7 m 10.2 m 0.2 m

60V 500V

FEA

HARP 0.25mm

HARP ( Vt) HARP (Qt)

HARP (Ct) (Vk) 2.1 Vk = 0V

ttt VCQ (4.1) 

4.1

dt
dVCtI

dt
dQ t

tt
t )( (4.2)

It(t) HARP

F E A



4 FEA  

- 73 - 
 

4.1 FE  

0.2 m

0.2 m

(a) (Vf): 15V

(Vg): 50V

(b) (Vf): 50V

(Vg): 50V



4 FEA  

- 74 - 
 

3 3.5 3.6 3.19

HARP HARP

HARP (Vt)

4.2

HARP (Vt) 4.2

dt
tdVCtVI

dt
dQ t

ttt
t )())(( (4.3)

4.3

t
tVttVCt

dt
dVCtVI ttt

ttt
)()())(( (4.4)

4.4 HARP (Vt)

4.2 FEA FEA

 

0.2 m

Vf

Vg

Vt

Vm

FEA 

0.25 mm

0.25 mm

HARP



4 FEA  

- 75 - 
 

)())(()( tVtVI
Ct

tttVt ttt (4.5) 

dttI
CC

QtVt t
tt

t )0(1)0( (4.6)

4.6 (It(t=0))

0.2 A 80ns (NTSC

20×20 m2 HARP 15 m 6

HARP (Ct) 1.42×10-15 F 4.3 HARP

(Vt)

HARP 2

HARP (Vt) 4.6

(Vt(t=0)) Vt It 4.4

FEA

310412514616 105108106102)( tttttt VVVVVI
7728 106101101 tt VV (4.7)

4.3 HARP ( )

0 20 40 60 80
0

5

10

15

20

H
A

R
P

V t
(V

)

25

30

(ns)

1
2
10



4 FEA  

- 76 - 
 

10

HARP (Vt) 15.9V

HARP

( )

4.2

HARP (Vt) 0.2 A (11.29V)

(15.9V) 27.19V

FEA HARP

4.5 HARP

HARP FEA

3.2 m 20 m

FEA

20×20 m2 3.6

FEA FEA

2.2 m HARP

160 m

4.4 ( – )  

10 20 30 40 50 60

10-5

10-4

Va (V)

I a
(A

/p
ix

)

10-6

10-7

10-8



4 FEA  

- 77 - 
 

FEA

20×20 m2 8

FEA 2.2 m

20×20 m2

4.6 FEA

FEA

FE

(Vf) 15V (Ib) 45.3 nA/tip

FE 20×20 m2 FEA

FE

FEA 5.2 m

1 A/pix

FEA 3 m  

 

4.5 HARP

FEA FEA  

20

40

60

80

0 1 2 3 5

(
m

)

FEA ( m)

4
0

100
120

140

6

160

180
200



4 FEA  

- 78 - 
 

4.3 FEA FEA
1, 4) 

FEA

FEA 3.1 m FEA

FEA 100 50

20 20 m2 FE 39

0.2 m 4.7 FEA

FEA

FEA (Ib)

(Ib)

4.8 ( 3.4)

100

1/60s Duty 4.8%

FEA
FEA (Ib)

4.6 ( )

FEA FEA  

2

4

6

0 2 4 6 10

(
A

/p
ix

)

FEA ( m)

8
0

8

9

10

12

7

5

3

1

FE : 144 /

81 /

36 /

25 /

4 /

9 /

16 /



4 FEA  

- 79 - 
 

FEA (Ib) FEA

(Ib) 2 A/pix FEA

1 A/pix

FEA

4.9

FEA

20 20 m2 NTSC

1

FEA NTSC (1 80ns)

FEA
5-9)

NTSC  

4.7

FEA  

30 m 5 m

FEA

(a) FEA (b) 1

(c) 

10 m

: 20 20 m2



4 FEA  

- 80 - 
 

4.8 FEA (Ib)  

4.9 FEA  

: 100 50
: 20 20 m2

FEA: 
: 0.2 m 
FE : 39 

: 

0 2 4 6 8 10
0

10

20

30

40

50

FEA
Ib ( A/pix)

100 
FE 39 /



4 FEA  

- 81 - 
 

4.4  

FEA FEA

FEA 2.2 m

20×20 m2 FEA 3.2 m

20 m

FEA

FEA

FE

FEA 5.2 m

1 A/pix

FEA 3 m

FEA 3.1 m

FEA FEA FEA

(Ib) 2 A/pix

1 A/pix

FEA

20 20 m2 NTSC 1

FEA

NTSC (1 80ns)

FEA

NTSC

 

 

 

 

 

 

 

 

 



4 FEA  

- 82 - 
 

 

1) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, Masayoshi Nagao, 

Yoichiro Neo, Hidenori Mimura, and Norifumi Egami, “Electrostatic-Focusing Image 

Sensor with Volcano-Structured Spindt-Type Field Emitter Array,” J. Vac. Sci. Technol. 

B, vol. 34, no. 5, pp. 052201.1-052201.6, 2016. 

2) M. Nagao, T. Yoshida, T. Nishi, and N. Koda, “A Novel Fabrication of Spindt-Type Field 

Emitters with Focusing Electrodes,” Tech. Dig. IVNC, I26, pp. 110-111, 2012. 

3) M. Nagao, and T. Yoshida, “Fabrication of Gated Nano Electron Source for Vacuum 

Nanoelectronics”, Microelectron. Eng., vol. 132, pp. 14-20, 2015. 

4) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, Masayoshi Nagao, 

Yoichiro Neo, Hidenori Mimura, and Norifumi Egami, “Electrostatic-Focusing 

FEA-HARP Image Sensor with Volcano-Structured Spindt-Type FEA,” The 22nd 

International Display Workshops (IDW '15), FED2-3, pp. 601-604, 2015. 

5) 

1 256 192 HARP

ED vol. 104,     

no. 520, ED2004-12, pp. 13-18, 2004. 

6) Yoshiro Takiguchi, M. Nanba, K. Osada, T. Watabe, S. Okazaki, N. Egami, K. Tanioka, 

M. Tanaka, and S. Itoh, “256×192 Pixel Field Emitter Array Image Sensor with 

High-Gain Avalanche Rushing Amorphous Photoconductor Target,” J. Vac. Sci.  

Technol. B, vol. 22,  no. 3, pp. 1390-1395, 2004. 

7) 

1 256 192

HARP vol. 59, no. 3, pp. 396-402, 2005. 

8) N. Egami, M. Nanba, Y. Takiguchi, K. Miyakawa, T. Watabe, S. Okazaki, K. Osada,    

Y. Obara, M. Tanaka, and S. Itoh, “50×50 m Pixel Magnetic Focus Field Emitter Array 

Image Sensor with High-Gain Avalanche Rushing Amorphous Photoconductor Target,”     

J. Vac. Sci. Technol. B, vol. 23, no. 5, pp. 2056-2061, 2005. 

9) M. Nanba, Y. Takiguchi, Y. Honda, Y. Hirano, T. Watabe, N. Egami, K. Miya,         

K. Nakamura, M. Taniguchi, S. Itoh, and A. Kobayashi, “640 × 480 Pixel Active-Matrix 

Spindt-Type Field Emitter Array Image Sensor with High-Gain Avalanche Rushing 

Amorphous Photoconductor Target,” J. Vac. Sci. Technol. B, vol. 28, no. 1, pp. 96-103, 

2010. 



- 83 - 
 

5  

5.1  

FEA 3.1 m

FEA HARP

FEA (Ib)

FEA

20 20 m2

NTSC 1

FEA NTSC (1 80ns)

FEA

NTSC

FEA

5.2 NTSC
1-5) 

FEA HARP

640×480 NTSC

FEA NTSC (1

80ns) 6) NTSC

(1 13.5ns)



5  

- 84 - 
 

640×480 NTSC

FEA 5.1 FEA MOS-LSI

NTSC

MOS (

) (D)

FE (G) (S)

FEA

DC

( 25V)

FEA

NTSC

FEA

( 40V) (G)

( 25V)

(S)

FEA

FEA

2

NTSC

5.2

0 – 40V

0 – 25V 0 – 5V

FEA

60V

50ns 0



5  

- 85 - 
 

5.1 NTSC

FEA  

FEA

HARP

FEA

S D

G

Csource

Cpixel



5  

- 86 - 
 

FEA (

)

nMOS(negative channel MOS)

FEA –

(Vgs) (Vth)

– (Vgs) (Vs)

(Vth) (Vs)

(SILVACO SmartSpice) 5.3(a) Vth

– (Vds) (Vb) 5V

0V Vgs (Vg) 5V

– (Vgs) 0  Vs  1.5V

(Vth)

 Vs  1.5V Vg = 5V

( ) FEA

(Vs) Vs >1.5V Vg = 5V

Vg = 0V ( )

5V(=Vg) (Vs) 0V 5V

FEA ( ) (

) FEA  

5.2 NTSC

FEA  

50 100 150 200

0.2

0.4

0.6

0.8

1.0

(ns)

(

0
0



5  

- 87 - 
 

 

5.3 (Vgs) (Vs)

(Vth) (Vs)  

Vs (V)

(V
)

Vgs

Vth

0 1 2 3 4 5

6

2

8

4

(a) 

0 5 10 15 20 25

30

10

40

20

Vgs

Vth

(b) 

Vs (V)

(V
)



5  

- 88 - 
 

0V 1.5V ( )

5.3(b)

– (Vgs) (Vs)

(Vth) (Vs) Vth

– (Vds) (Vb) 5V 0V

Vgs (Vg) 40V

– (Vgs) 0  Vs  22 V

(Vth) 40V(=Vg)

(Vs) 0V 25V FEA

0V 22V

( )

FEA

 

NTSC

MOS MOS

MOS
7) MOS

(Csource) (Cdrain) MOS

FEA

(Csource)

NTSC

FEA

(SILVACO SmartSpice)

640×480 0–40V 0–25V

FEA FEA

60V FEA (Cpixel)

20×20 m2 FEA (

r = 3.9) 0.9 m NTSC

FEA

5.4 5.5 NTSC

FEA

FEA 30ns 0V

30ns  



5  

- 89 - 
 
 

5.5 NTSC

FEA  

5.4 NTSC

FEA  

50 100 150 200

0.4

0.6

0.8

1.0

0

0.2

0

(ns)

(

50 100 150 200

20

30

40

50

60

(ns)

FE
A

V
)

0

10

0



5  

- 90 - 
 

FEA

5.6 FEA

NTSC

80ns

FEA NTSC

FEA

1 13.5ns 0V

FEA NTSC

FEA

FEA NTSC

1920×1080( )

(1 13.5ns)

5.6 FEA  

30 40 50 60 70

5

10

15

20

(V)

(
A

/p
ix

el
)

0
0

FE : 121

0V



5  

- 91 - 
 

5.3 
1-5) 

NTSC

FEA

MOS (Csource)

NTSC

5.2 FEA

5.7 3

 

 

1. FEA

2. (5V)

3. 

5.7  

S D

G

FEA

(Cgate) 

(R)

Vlv



5  

- 92 - 
 

FEA

FEA ( )

FEA (

)

NTSC

(5.2 )

FEA

(Cgate)

FEA

(Cgate) NTSC

FEA

(Csource)

(Cgate) NTSC

(Csource) 1/6  

FEA 5.8

1920×1080 (Vlv) 40V

0–5V 13.5ns

0–5V 29 s FEA (Cpixel)

11×11 m2 FEA

( r = 3.9) 0.7 m FEA

60V 11×11 m2

FEA

FEA

5.6 FEA( 20×20 m2)

 

FEA (R) FEA

FEA  



5  

- 93 - 
 

5.9(a) 5.9(b) (R) 0.6M

1.4M R = 1.0M

(R) 0.6 1.0 1.4M

1 13.5ns

40V 0V

0V 40V

(R)

FEA –

60V 40V

0V

0V 10V

(R)  

5.8

Cgate

Cpixel

Vlv

R



5  

- 94 - 
 

5.9 FEA

FEA

 

R = 0.6 M
R = 1.0 M
R = 1.4 M

50 100 150

20

30

40

10

0
0 200

0 10 20 30

8
6
4
2
0

10

(a) 

R = 0.6 M
R = 1.0 M
R = 1.4 M

50 100 150 200

0.6

0.8

1.0

0.4

0
0

0.2

(b)

(ns)

(

(ns)

(V
)

(V
)

(ns)



5  

- 95 - 
 

FEA  ( ) FEA

5.10

(R = 0.6 1.0 1.4M )

(Vg)

(Vlv) 5V 40V

(R)

(R) FEA (

) FEA

5.11

1 13.5ns

1

13.5ns

5.10

(R = 0.6 1.0 1.4M )   

(V)

(
A

)

0 1 2 3 4 5

150

50

200

100

(Vg = 5 V)
R = 0.6 M
R = 1.0 M
R = 1.4 M

0

(Vlv = 40 V)



5  

- 96 - 
 

1 13.5ns

(R) 1.0M 13.5ns

(R)

13.5ns

(R) 1

13.5ns 97%

R = 1.0M

(R)

 

 

 

 

 

 

5.11 1

13.5ns

1 13.5ns

 

(M )13
.5

ns
(%

)

0 0.5 1.0 1.5 2.0

98

94

100

96

90

88

92

0
0.2

0.6

1.0
1.2

1.6

0.4

0.8

1.4

13
.5

ns
(



5  

- 97 - 
 

5.4 
1-5) 

(5V)

FEA (R) MOS-LSI

1M FEA 0.1pF

1M 5.12

0–5V

(Vlv) 25V (Vlv) 5.3

(40V)

Vlv

5.13(a) 5.13(b)

5.3 FEA  

S

D
G

1 M

25 V

1 M 0.1 pF

5.12  



5  

- 98 - 
 

 

5.13  

50 100 150
(ns)

0 200

(V
)

2

4

6

8

10
12

14

0

(a) 

0.50

2

4

6

8

10
12

14

1.0 1.5 2.0
0

(b)

( s)

(V
)



5  

- 99 - 
 

FEA

(Cpixel)

MOS-LSI

FEA

FEA

FEA  

FEA

5.14 FEA

11×11 m2 FEA (Cpixel)

MOS-LSI FEA

FEA 10V 0V 10V

13.5ns

5.14 FEA  

50 100 150

20

30

40

10

0
0

(ns)

(V
)



5  

- 100 - 
 

5.5  
NTSC

FEA

(

40V 25V)

NTSC

(1 80ns) (1

13.5ns)

FEA

FEA

FEA

(5V)

FEA

NTSC

1/6

FEA

FEA

1 13.5ns

97% R = 1.0M

(R)

 

 

 

 

 

 

 

 

 

 

 



5  

- 101 - 
 

 

1) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, and      

Norifumi Egami, “Active-Matrix Spindt-Type Field Emitter Array with Faster Response 

Time for Image Sensor with High-Gain Avalanche Rushing Amorphous Photoconductor 

Target,” J. Vac. Sci. Technol. B, vol. 33, no. 1, pp.012205.1-012205.7, 2015. 

2) HARP

5-4, pp. 35-43, 2014. 

3) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, and      

Norifumi Egami, “Active-Matrix Drive Circuit for Image Sensor Consisting of Field 

Emitter Array and Avalanche Photoconductor,” The 20th International Display 

Workshops  (IDW '13), FED1-2, pp. 806-809, 2013. 

4) 

FEA-HARP

15-3 2013. 

5) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, and      

Norifumi Egami, “Faster Response Time of Active-Matrix Spindt-Type Field Emitter 

Array for Image Sensor with High-Gain Avalanche Rushing Amorphous Photoconductor 

Target,” 26th International Vacuum Nanoelectronics Conference (IVNC 2013), 2013. 

6) M. Nanba, Y. Takiguchi, Y. Honda, Y. Hirano, T. Watabe, N. Egami, K. Miya,         

K. Nakamura, M. Taniguchi, S. Itoh, and A. Kobayashi, “640 × 480 Pixel Active-Matrix 

Spindt-Type Field Emitter Array Image Sensor with High-Gain Avalanche Rushing 

Amorphous Photoconductor Target,” J. Vac. Sci. Technol. B, vol. 28, no. 1, pp. 96-103, 

2010. 

7) E. Seebacher, K. Molnar, W. Posch, B. Senapati, A. Steinmair, and W. Pflanzl, “Compact 

Modeling: Principles, Techniques and Applications,” Springer Press, ch. 4, pp. 105-136, 

2010. 

 

 

 

 

 

 

 

 



- 102 - 
 

6  

6.1  

FEA

FEA

(5V)

 

6.1.1 FEA

0.5 m 1.0 m

FEA

FEA

2

0.18 A/pix

1 A/pix  

( ) 50 60 m 20

20 m2) FEA

 

FEA

0.6 m 2.4 m

FEA

FEA



6  

- 103 - 
 

FEA 4.7

FEA 0.5 A/pix

1 A/pix

FEA

FEA

( – )

FE

FE

0.2 m

FE 1.5 m

FE 1.8 1.9

FE

 

FEA

FEA FEA

FEA 2.2 m

20×20 m2 FEA 3.2 m

20 m

FEA

FEA

FE

FEA 5.2 m

1 A/pix



6  

- 104 - 
 

FEA 3 m

 

FEA FEA

3.1 m FEA FEA

FEA (Ib)

2 A/pix 1 A/pix

FEA

20

20 m2 NTSC 1

FEA NTSC (1 80ns)

FEA

NTSC  

6.1.2 

NTSC

FEA

( 40V 25V)

NTSC (1 80ns) (1

13.5ns)

FEA

FEA

FEA

(5V)

FEA



6  

- 105 - 
 

NTSC

1/6

FEA

FEA 1

13.5ns 97% R = 

1.0M

(R)

 

6.2 1) 

FEA

FEA

FEA FE

FEA 6.1

FEA HARP

6.1 FEA FEA

  

0.2 m

Vf

Vg

Vt

Vm

FEA 

0.1 mm

0.1 mm

HARP



6  

- 106 - 
 

11×11 m2 FEA 1.7 m 5.2 m

0.2 m

60V 500V

FEA HARP

0.1mm FEA

HARP 6.2

HARP HARP

FEA 3.2 m

11 m FEA 2.2 m

HARP

FEA 3 m

 

FEA (Ib)

(Ib)

6.3 4.3 4.8

FEA (Ib) (Ib)

FE

FEA 3.1 m

6.2 HARP

FEA FEA  

20

40

60

80

0 1 2 3 54
0

100
110
120

6

90

70

50

30

10

(
m

)

FEA ( m)



6  

- 107 - 
 

FE 13

FEA (Ib)

1 A/pix FEA

FEA (Ib)

1 A/pix

5 FEA

 

 

 

1) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, Masayoshi Nagao, 

Yoichiro Neo, Hidenori Mimura, and Norifumi Egami, Electrostatic-Focusing Image 

Sensor with Volcano-Structured Spindt-Type Field Emitter Array,  J. Vac. Sci. Technol. B, 

vol. 34, no. 5, pp. 052201.1-052201.6, 2016. 

6.3 FEA (Ib)  

0 1 2 3 5 6
0

20

40

60

80

100

4

100 
FE 13 /

FEA
Ib ( A/pix)



- 108 - 
 

NHK FEA

NHK  )

HARP

NHK

FEA

FEA FEA

HARP

2016 12



 

- 109 - 
 

 

1) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, Masayoshi Nagao, 
Yoichiro Neo, Hidenori Mimura, and Norifumi Egami, “Double-Gated, Spindt-Type Field 
Emitter With Improved Electron Beam Extraction,” IEEE Trans. on Electron Devices,  
vol. 63, no. 5, pp. 2182-2189, 2016. 

2) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, Masayoshi Nagao, 
Yoichiro Neo, Hidenori Mimura, and Norifumi Egami, “Electrostatic-Focusing Image 
Sensor with Volcano-Structured Spindt-Type Field Emitter Array,” J. Vac. Sci. Technol. 
B, vol. 34, no. 5, pp. 052201.1-052201.6, 2016. 

3) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, and Norifumi Egami, 
“Active-Matrix Spindt-Type Field Emitter Array with Faster Response Time for Image 
Sensor with High-Gain Avalanche Rushing Amorphous Photoconductor Target,” J. Vac. 
Sci. Technol. B, vol. 33, no. 1, pp. 012205.1-012205.7, 2015. 

4) Y. Honda, Y. Takiguchi, N. Egami, M. Nanba, Y. Saishu, K. Nakamura, and          
M. Taniguchi, “Electrostatic Focusing Spindt-Type Field Emitter Array for an Image 
Sensor with a High-Gain Avalanche Rushing Amorphous Photoconductor Target,” J. Vac. 
Sci. Technol. B, vol. 29, no. 4, pp. 04E104.1-04E104.5, 2011. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

- 110 - 
 

 

1) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, Masayoshi Nagao, 
Yoichiro Neo, Hidenori Mimura, and Norifumi Egami, “Electrostatic-Focusing 
FEA-HARP Image Sensor with Volcano-Structured Spindt-Type FEA,” The 22nd 
International Display Workshops (IDW '15), FED2-3, pp. 601-604, 2015. 

2) 
FEA-HARP

 vol.115, no.264, ED2015-56, pp. 11-14 2015. 
3) 

FEA-HARP
13D-4 2015. 

4) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, Masayoshi Nagao, 
Yoichiro Neo, Hidenori Mimura, and Norifumi Egami, “Design Optimization of a 
Spindt-Type Field Emitter Array for an Image Sensor with HARP Target,” 28th 
International Vacuum Nanoelectronics Conference (IVNC 2015), EO-01, pp. 234-235, 
2015. 

5) 

12 pp. 25-33, 2015. 
6) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, Masayoshi Nagao, 

and Norifumi Egami, “Electrostatic-Focusing Spindt-Type FEA with Improved 
Electron-Beam Extraction Efficiency for FEA-HARP Image Sensor,” The 21st 
International Display Workshops (IDW '14), FED1-2, pp. 579-582, 2014. 

7) 

 vol. 114, no. 262, ED2014-63, pp. 7-10 2014. 
8) FEA-HARP

9-2 2014. 
9) Y. Honda, M. Nanba, K. Miyakawa, M. Kubota, and Norifumi Egami, “Highly Sensitive 

HARP Image Sensor with Spindt-Type Field Emitter Array,” The 6th IEEE International 
Nanoelectronics Conference 2014 (IEEE INEC 2014), emission 2, 2014. 

 
 
 
 



 

- 111 - 
 

10) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, and      
Norifumi Egami, “Electrostatic-Focusing Spindt-Type FEA with Improved 
Electron-Beam Extraction Efficiency for Image Sensor with HARP target,”          
27th International Vacuum Nanoelectronics Conference (IVNC 2014), S3 C-1, pp. 19-20, 
2014. 

11) HARP

11 5-4, pp. 35-43, 2014. 
12) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, and      

Norifumi Egami, “Active-Matrix Drive Circuit for Image Sensor Consisting of Field 
Emitter Array and Avalanche Photoconductor,” The 20th International Display 
Workshops (IDW '13), FED1-2, pp. 806-809, 2013. 

13) FEA-HARP

15-3 2013. 
14) Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, and      

Norifumi Egami, “Faster Response Time of Active-Matrix Spindt-Type Field Emitter 
Array for Image Sensor with High-Gain Avalanche Rushing Amorphous Photoconductor 
Target,” 26th International Vacuum Nanoelectronics Conference (IVNC 2013), 2013. 

15)  HARP
9

5-1, pp. 83-90, 2012. 
16)  FEA-HARP

 14-2 2011. 
17) Y. Honda, Y. Takiguchi, N. Egami, M. Nanba, K. Nakamura, M. Taniguchi, 

“Triple-Gated Spindt-Type FEA for Image Sensor with HARP Target,” 24th International 
Vacuum Nanoelectronics Conference (IVNC 2011) , O2-1, pp. 14-15, 2011. 

18) Y. Honda, M. Nanba, Y. Takiguchi, N. Egami, Y. Saishu, K. Nakamura, M. Taniguchi, 
“Electrostatic Focusing Spindt-Type FEA for Image Sensor with HARP Target,”      
8th International Vacuum Electron Sources Conference and NANO carbon (IVESC 2010 
and NANO carbon 2010) , O10-8, pp. 105-106, 2010. 

19) Y. Honda, M. Nanba, Y. Takiguchi, K. Kikuchi, H. Seo, S. Aihara, T. Watabe,       
H. Ohtake, N. Egami, Y. Saishu, K. Nakamura, M. Taniguchi, “Electrostatic Focusing for 
FEA Image Sensor with HARP Target,” The 16th International Display Workshops  
(IDW '09), FED2/PH5-3L, pp. 1993-1994, 2009. 

 
 



 

- 112 - 
 

20) 
 FEA-HARP

 12-8 2009. 
21) 

 FEA-HARP  1-5
2008. 

22) 
 FEA-HARP  

vol. 32, no. 50, ITS2008-72, pp.1-4, 2008. 
23) 

 FEA-HARP  
12-8, 2008. 

24) 
 HARP

 vol. 105, no. 257, 
ED2005-113, OME2005-39, pp. 27-32, 2005. 

 
 

 

International Display Workshops IDW '15 Best Paper Award 

Yuki Honda, Masakazu Nanba, Kazunori Miyakawa, Misao Kubota, Masayoshi Nagao, 
Yoichiro Neo, Hidenori Mimura, and Norifumi Egami, “Electrostatic-Focusing FEA-HARP 
Image Sensor with Volcano-Structured Spindt-Type FEA,” The 22nd International Display 
Workshops (IDW '15), FED2-3, pp. 601-604, 2015. 
 
 

42 20  

 FEA-HARP  

12-8, 2008. 

 FEA-HARP  1-5 2008. 


