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Analysis of |-V Characteristics in the Multi-channel Superconducting Vortex
Flow Transistor
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Abstract

The principle of the superconducting vortex flow transistor (SVFT) is based on control of the

Abrikosov vortex flowing along a channel. The induced voltage is controlled by a bias cwrrent and a
control current, instead of external magnetic field. The device is composed of parallel weak links with
a nearby current control line. We explained the process to get an I-V characteristic equation and
described the method to induce the external and internal magnetic field by the Biot-Savarts law in this
paper. The equation can be used to predict the I-V curves for fabricated device. From the equation we

demonstrated that the current-voltage characteristics were changed with

input parameters. I-V

characteristics were simulated to analyze a SVFT with multi-channel by a computer program.
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Fig. 1. Three-dimensional basic structure of

the multi-channel SVFT.
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Fig. 2. The law of Blot—Savart expresses the

magnetic field intensity in multi-channel

SVFT.
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Table 1. Simulation condition of SVFT.

NE sM7 % =M%
B {2.07x10 Bfweb] | @ {5690 ]
Bo16.63%10 *Jsec) | x |185%10 *[m]
kg |1.38x10 ®(J/deg}| E» |1.806x107 (V]
L [5x10"°(m] vy | 3.45%10%[m/s]
£ 10.4x10 °(m] w |5x10 %[m]
o | 47x 10" "[F/m) w; | 45%10 % [m)
T | 770k} Ngp | 1

ay |5%10*[m] Ny | 5

8 |2.15x10 °[m] Tom | 0~12x10%[A]

93

1jmA]

v, [mV]

AAG7E B Wel -V 542,
The curves of I-V  characteristics
computed when the number of channel

ag 3.
Fig. 3.

increased.

.87k 2 4

A
29 4elld HoFE EBHx §F Edlx2EH
571325 Martensoll 93] A AHACHB] o F
V329 A transresistance 7,8°l 71 FQ
getr|goltt, R& F¥HAYe|R, L, R
12

SEE!

Load

Control-Current Line

Bias-Current Line

[s}
&

a8 4 Bdx Ed 2o 5hsIE
Fig. 4. Equivalent circuit of the vortex flow

transistor.



A Voul

N (10

Vi ™

FHURE

7vsl e fE ol
4 (8)9] %

_ AV
A
- t-sina
_R“{k+ (x+ wy/2+ ag+ (Ny—0.5)w) (11)

: -1 tana - x
) sm(tan ( x+w/2+ ap+ (Ny—0.5)w ))

XSmh[—If-]x[ N 2Ns—0.5)]

A7 R mgrLeovgeexp ! TR0 te) ghold,
I, whkyT/(Spp& ev et AT 7, @&
fitting A kSt Ra I, 21 3rel @l uweh o
A=

4. A3

4.1 AlE FH|ntd
400 nm A7 vpo]AZH

e
[l

P 3
=

A FAG R

248 zAw 2Hx §F ZdHzEE YBCO

2A% whbe Agdte] Az 50 um T

A 3 ume] AW Pel& = st ok

oz solaluiel Aelmelel Aeld Fe 20
EERN S

umet Al FAHA
A8l 5 umelth FAAZ ez AHHA F
A #33, ICP(Inductively coupled plasma)
g ol gatd] Ad FEE AZsan I

: 2457 99 20

AA H%

s MRS W Age] 022
5} | 84K olth. ol Tinte]s HEF
& ICP A7 71e[78]2 12 2HUE g AME

aro] A4 BHEA VxE T
Fe ovlelARBYA Hde

o f7153 upojei s
FEol wel £ AR @
Bl AA ol @ & BEs 8 die Ay

935

A7) M A A 285 =% =], Vol. 16, No. 10, October 2003.

thoo]@ o] Z of7le] HEH o
dALE A9 ZEolt

42 M7et Bt §
A¥H YBCO &

2B HAF-FAE 3 AAAF Lol 3
GAEE o xAe g wet Wate Sde
28 50 BolFm vk W& upojojs HFolA
mlo] @B A= W3] AL JHE FAYCh
AAMF oo upoloj HFE /HAE 9 vl
olAazBIAAE TFAUY YL % YHE =
ozttt A HEE JMgony 2dx A7t b
HSA H1 BE AL FU1AEe AsA
Bexo f71A9e AdHFe T wEk o

wol waHth AAAFI 2L UM WH-
o Q

[e]
Adeg HAFa Yo
e}

A=
50
40 4
< 3
£ 30
2
20 4
o m AV measured
10 - computed
0 T T T T Y T T T
-1 0 1 2 3 4 5 6 7 8
V. [mV]

Qg 5. 2Ys §5 EAxAEH 1V ST,

Fig. 5. The curves of I-V characteristics SVFT.
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