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Development of ultra-fast superconducting nano-strip particle detector with charge
discrimination

Zen, Nobuyuki
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Mass spectrometry enables the measurement of mass of biomolecules. However, the
measurable mass range is limited by the detector. On the other hand, the superconducting detectors have
the detection efficiencies independent on mass of molecules. Among them, the superconducting strip
particle detectors (SSPDs) realize the detection area as large as the diameter of a molecular beam and
the response time as fast as nano seconds at the same time. In this study, the SSPD with the 100%
detection efficiency along with 2 mm-square size and ns-response time has been realized for the first
time. Consequently, by adjusting the applying bias current, it becomes possible to discriminate the
charge of ionized molecules. The SSPDs are expected to be powerful detectors for the mass spectrometry of
mixtures or other analytical instruments such as an atom probe.



B X C—19,. F—19. Z2—19

1. WFEBAR 4P D &

AT AE By AT 2518 (Time-of-Flight
Mass Spectrometer: TOF MS) (%, Jf <4
VNI B I EOERS TR A A AL LTt
BRI VA ZHIN L TRAT S, g
BETDHE TORITHMZREST S Z LT
L VEF - FA Fr DEEENME (m/2)
ERLZENTEHMEETH S, K1 (a)
X~ MU 7 2AXBL—F LA A4 ik
( Matrix Assisted Laser Desorption /
Ionization: MALDI) % fv 7= TOF MS O
WETHH, FIZ UM (z=1) OA A 4E
EN57, TOF ZHliEST 2 Z &I2k» T,
AF OB R (m ZEHEEDL Z LN TE D,
L2>L7223 5 TOF MS ICHW SR TWAHHIE
KDL, REENA A ORITIHE IS
FLTRBY, BEOA L UMEE TR &I E
LT A I ERUE TN ER S LR,

— 07, BSR4 AU EE L
BRIZ, MR EsFm Chbk & D R R TR
N L o TRREREDIEE S L, FsER
RICIERB L & SR AETHI|EPUCL - T
BRIEFEERT D, TOFMS (BT 51 4
YV DOEH TR F =0+ keV THDHDIZ
b U ERERRE O i = R L F— 3 meV
THDHDOT, BV oM CRAREMR 2
ICEZ2 LT h, FE 100%DOMHBE 24 L
TWb, ZREDFIENINCEEL 5.2
HPUREFKS, YA N AZBETOENR &
LTHWLBEFERETIVWTFLL S &=
DRE L, BEBEERHERPE N 2R ET 5,

B 1 ()1, BB HERO T T b Etk &
K fEb % wiNL T& DWW HIRERE A R Y
v A A Btgs (Superconducting Strip
Ion Detector: SSID) OIS TH D, JEZH
+ nm, TEEE nm OBEEA N v TERE
AN 5 2 Lic kv, AR 2.4 ns
LY A X 2x2 mm2 & EH L T\ 5,
B B VEIE T OB Z A T A L TEMfES
HAHZ LI 100%DMmHEE 2S5 55,

S} L—+4 (3 ns pulss, 3 Hz)
MALDI 7L — b

\
25kv [

(RE—F) TOFec¥m/z
(a)
LR M 85PD R TFRFA—
+
..... R Vot
[
{b)

1. MALDI-TOF MS (a) & SSID (b) DH#EISX]

MALDI-TOF MS (235 W\W Tl EIC 1o A

FUBEREINAZ TR LTZEY TH
DM, EEO L ZAIISMOA A b EENR
TW5, HIEREDNREM TH HLAITITE
BANRYT MIVOFEIRNREE /2 D72, 44
LM, TRbbAF DXL X —EF
MTEHZENREENSE, RT - OF5AT
MET BB A A O AT D 2 &
IIRFRETH D72, =R /LF—IpRI23 FThE
RRRHER NI e D, BIRER N Y v TR
D 1ANSESD SSID 1. A T AEFRDOK
XX Lo TR AXF—RBNARETH S
ZEMITRENTWVWDHQ, AT AERIBD/NE
WA, 1A A 2T 52 LT
RV, 2T b b XX = 2 fEDA
AU ERET DI IR DO TH
D,
—J7. WHIFEI SSID M= /LK —FpRI Al HE
THDHNE I DIRH SN TW o7z, X
21X FPR SSID 128\ T Y V' F—AhA F
(538559 14,300) ZWE L 72D TOF (x
i) & SSID WG 5O EE (v dh) OB
BTHDB, A AU MNRIT 28I TH B,
TOF moE =T DA F U ERETDHZ &
MTEXDHEN, 2MiDA A4 (FiFp ez
FEIR) 1% 1D A A (FRAGER Tk A 72 58Ik
K0 HDWEEME NS N En gD, B
FEBRLE L NE, A A DAF =X — L H
T EE DK E EDOBEEN R TH- 72,

60 |- P Count
Lys
" 2LysT 158
o i
25A" A a1 yst s
Tl 6elys™
3“,5 {1F%+ »
o ! ~a@. 5L 15
~ 1IN ﬁ 41 [l "\\l 10
‘;EJE m 1' NIy y ‘ 6Lyg
i
® 3 ....................................... e (L anh A 80 <8 b
201 §ale {0 &4'12 4 )
1 i 0y of b
0 [ _:‘sr.ur,'-ar—'-gL—~"‘
———— Ay +TLys™
. SAt ut 3L¥s 5Lys’ y
0 100 200 300 400
RATESF (us)

B2, WAV SSID &M CHE L U Y F— 2
A > ® TOF & Hi 13t B%

2. e B

(1) W SSID 12875, AAF D=
FF—L SSID H ikl o BER & fi
HY 5,

(2) =L F—FRRIANAHEZAIEST SSID %
BT %,

3. WDk

SSID DH A EE M ES S RFE LT,
ANHA F o D R X —N I H GRS 5
WFE &, WHIR R v TROBEEANA T A
BIMOBENRFENE 2 NN, Z b 0w
REMEZ RGeS BMER E 21T - 72, X 313,
BWINA RN v T HT o AR EAI T
THAREIE ST X2, D1 ADA B



U o TP EFRILD SNA T AE DR 2L
PoRLEZRFERBRECTHD R, &OIZHi
TN A T AETIL 3 mA THDHN, A
%J/7W%?¢ékﬂ472@mﬂ24
AK@TL\%®ii®ﬁ%%Oom®ﬁ
FIARNY v TN THE, AN v H
DISA T AEFHD IS 5, _Z’Li LoD
§U7< MU > THEERE L IZBRIC N, T A ER
ZANY  FITWAVIAATE Z L 2B L
Tb‘ o ZOBSRT, BRERANY v TR
EHREr THDHZ LITER L TWD, 65/
(RS TAA T RAEWMBA Y v TH~H
TLED &, BAEN2WZDIZERIZTO
ARV Y FICRD ZENTERY, ZOHR
ERGET X<, FWHNIA Y v FTEINE
P Bfee L7137 SSID 2488 L. [RfED
Bt R z1T-o72 (N3%F), BBIZL-T
—BRIZ T ASA T AEWNLA B Y T
L3, TIZIHDA MY T ~RZDH T &gy
MD, BEHDKEZVIEEERIZERF TR
T mER LT,

E mw%wthwﬁmﬁa

Eﬁfa_ / ! [ O S O W O W VO W
X

~

5

S /

E21 VA S — mmaL |
N ZR by TR — EHBY
Z 0 1 2
X BEf (ms)

X 3. WHIEEDOHBRER R Y » T HONAT R

EFROEFEN DY I 2L — 3 v

X4k, A MY ATEINCEEHET DG
WMETIVIRST 4 T4 CTERLE
A5 SSID OBHIREE S H T 5, WH| DO
A NY v TROBIT10ARTHY | 104K
DRT 47U A ¥ THBLEEBR L,

FHREEBR LYy I
@ EFgEShi- 10 BOER
(FIERYT2T74%)

‘ 10 &/%5 Lo SSID

4., TAIRT AT IALYEZEARNY v
B L 7= 15115 SSID

X5 1%, #EkoifFHl SSID &, Hpift =
WHIH SSID (I28B8W\W T, VY F—bAF %
HIE L7=L 20 TOF (x#ih) & SSID H ik
EE (y #h) OBMRTH D, WERMAE LXK,
KHifr & o SSID % FIRINZ/RT, sk CH-
72N ) Y F—b AT DE—T ThHD

CEBBRAT S Z 2 Lo TEEE O ST
ﬁ)ﬁﬂﬁﬁédﬁfﬂ LTWAZ ENRDND,

Counts

—_ 1400 N 1310

:i 1200 *&*ﬂ-t‘;l/ 8400

\9 1000 ~ 72.00

8003

J ____________________________________ 60.00

% 600 : Lys" 2Lys* : 48.00

B 400 P Lys| 3Lys;/ : st

it AT A s ool 20

50 100 150 200 250 300 350 400 1200

4= 0.000

FRATEER (us) Comnts

—_ 293.0
S N

3 BRbY 8400

\g 72.00

R 60.00

i]E 48.00

h: 4 3600

......... = dmssinnnd 200

50 100 150 200 250 300 350 400 1200
RATER (us) o000

X 5. #HHTOAEC L LIFH SSID D )
B S3AT D F it 5

VIal—TarEERIZE- T, KA
ANy FICW/PLE BT 22 LIl
TMEB O EMEIT—EIL /2D 2 E NS MN
(72 o Tz, HEROIEHID 72 ilE 4118 SSID ¢
X, A U DEET HEICEA R v T &5
NWANAL T RERNEFDELTBY, HIE
OB EMENIE AT D2 bicied, 22
<, lzf%gmt&mw%f< i LT
BN, SSID WNIZEBITF 534 T ABHRDOES
FENRINTH D, 2 MDA A2 MR Bl
PHNTBHEABL, A T RAEROFSEZ
J:’)“C/\‘/I’ T ABWN/NS L IgoT2 A MY

T LD A A Tk U CRE &2 F57= 77,
2%@4%/t?%@ﬁf%éhbf%é
INA T ABRPDNE VA Y » 1L, i
PDINSWEFSIV A B T19 5,

. WFERR R

EiR L7 & 9z, WP SSID 28175 A
A F DR —L SSID H A EED
BEARITARIA S v, ABFZED B /9(1) %2 2Rk L7z,
WHIA N > T OBIRE A T R EPD
BOREPARETH -T2,

—F., K4 DXL T AERNSIEHL
(RoTF 4 7T4%) %Z;luhé £ 9 723051
A SSID OGA . PR IT D ¥ 2 — L3 EL
{2k - T SSID o HENRLILLTCLE S, &
D= BN 100%E 725 L 9 R&E7z
WA FIINCE 20, & 2 TR T, X
61T RT LD T AR AR LT[
JiE 2014-218137 ], X6 ()33 A 7 A[a]# %
GRS EEROBEETH Y | (b) I3 [A]#
ThHbd, AT REBWRIIA FZ 7 ZEREBL
T SSID (2t &b, PLERH L
@):—w%ﬁ@%%ﬁ%%én\ﬁﬁﬁﬂ
AT AEREWIEREIC e o7, K713, U
ST = bA T RO A T RETAMAT
PETH D, TEROIWBIRE G STVl
B SSID DGE (R) . HHREETNAT
AERERELSTDHE, AT AEROFES



BIZ X - T, A A U BEZE L TWVRNDIESA
M) o 7EFTCHEEREERE L TCLEY, IBHIT
NAT AEMERELTDHE, 2CORRE
A RNY TN H A — RS AR B L
TLEW, A FFHHENSIET D2 L D05
MO LTINS,

(@
AR 4
E 2 AV E
R T
EEBHA NRATRAEBHRAS
(b) T

\

HHF SSID

6. AW XV EY ST A 7 A& &
TeAlFI SSID o5 Ei(a) & Aiflilml# (b)

250 —e- tE515Y oo 4
—n— EHLL m/{ ___________ g
%200 / BFHHE100%%
" ot RS 248
5 150 ]
'-'!'E [
N 100 ]
* ..‘/
Ay ./ .
507 '[ N A FABROBHERIC &
-0 . — K = 3 .
R, e R~ FERRRE,
02 0.4 0.6 0.8 1.0

NATRER / BRER

7. I OASEC T 551 SSID O 41 3t
RO NA T AERRTENE

KIEHD SN A T A &2 A 7= 36 50 7Y
SSID 054 (F) . K& 7234 7 A& i & ik
L THH Ay — P i s h 4, i
TA FUFECRIT—EC D, 2L, Bl
FROMHEZIRMN 1006 ZBFELI-Z 2R L

T, 2x2 mm?2 &\ o BT A XL ¥
ns OJHERFH Z W23 2 W HIA SSID (2380
T, 100% D R 2 3253 2 2 & T AR
THO TERI Ll e E . 2
International Workshop on
Superconducting Sensors and Detectors
(IWSSD), ki (FE) 1. k-T, 1 KD
BB MY TR B S SSID &[]
BRI, AT AEREFESTHZ LIcL-T
AN A A Oz x VX —% T 5 &0
AIREIC AR D . ARFZED B R@ITEMR S Tz,

B e tamt A X 2 B oEmdcg.
BLOEROK M2 EE T 5 MK E %
DR D, D DAMEGRR 25 ATRE 72 AR HH AR
BESFTOHRZLT, T haTm—T7kE
Bk % IR 3T E A~ DICH IR TE %,

< 5| F 3k >

O 4 fise, S oA, 0 FER it 1E
Fo. KALR HEFE, Ton-induced dynamical
change of supercurrent flow in
superconducting strip ion detectors with
parallel configuration, Applied Physics
Letters. vol. 104, 2014, 012601

@ R I, KAk HelE, %0 MR, T
R, Sl A =K AL E OB
Charge-state-derivation ion detection
using a superconducting nanostructure
device for mass spectrometry., Rapid
Communications in Mass Spectrometry.
vol. 24, 2010, 3290—3296

5. ThaREHRIE

UdERsRmsC) (G 2 14)

O & bz, ik A, B W, 7L K
7. KIS B, Superconducting strip
particle detectors (SSPDs) with parallel
configuration and DC-AC separation
bias circuit for 100% detection efficiency .
Superconductor Science and Technology.

A,

@ 4 sz, IR W S R, D R
7. o/ IERS . R HERE
Improvement in bias current
redistribution in superconducting strip
ion detectors with parallel configuration,
Chinese Physics B, &&tf. FIRIH

(%K) GHsMh)

O 4 =g, EE sk, BRI RN, L K
e /N ERD, KA HEME, R HERE
100% D /37 VARBRE A R Y 7 A 7
UHER. 62 [nln A E BTN
ARy, M), 2015 4 8 A

@ 4= fhsE, Sl ok, R WL D R
2, /N TERD, RO HERE, 2B U,

# JIl 1§ 17 . Recent Progress in



Superconducting Strip Ion Detectors
(SSIDs), 2vd International Workshop on
Superconducting Sensors and Detectors
(FrmsE], B (hE). 2014 4 11
H

@ & fh=g, &l pkA, R M. L HE
Zey /N IERE. KRR HERE, 2% mih.,
HI AT, EEOITHBEER Y v
A A URRHERORFE BEET LY fhu=
7 AW, e, 2014 4 10 A

@ 4 fHsE, BRI W B gk, M
T, /N TERD. RASR HERE, T L oURl
BB N > 71 F U tER (SSID)
DINA T AW OUE, 5 75 Bl H
MBS IR S . FLBR. 2014
9 H

® 4= fh3s, I WL Sk A, D R
=L o IERE . KRR HERE
Improvement of  Pulse Height
Distribution in Superconducting Strip
Ton Detectors for TOF MS, 62nd ASMS
Conference on Mass Spectrometry and
Allied Topics, R /VT £ 7 CKEH) . 2014
6 H

® 4 fHsg, Gl s, BRI WL L M
7. /Nt IERS, RALR HERE, @ mET)
AN w7 A F kg (SSID) O
W sl AR OUGE, 5 62 [FIE & s
PEae. KK, 201445 H

@ & fh=s, Bl oA, gk 6. il
7%, /It IERE. Roberto Cristiano, KA
PR Jt [ . Charge Sensitive
Superconducting Nano-Strip Ton
Detector for Time-Of-Flight Mass
Spectrometry, 61st ASMS Conference on
Mass Spectrometry and Allied Topics.
IRTARY A CKE), 201346 H

4 {13, Superconducting strip ion
detectors (SSIDs) for time-of-flight mass
spectrometer (TOF MS) . The 1st
International Workshop on
Superconducting Sensors and Detectors

(], 7Y a > GEE), 2012 4
12 H

(XF] GHofh)

(PEZEY PERE)
OimRde Gt 1#4)

DN VAo aaE
FEIRE - 4 {hEE
R - [\l E
FEXE « HraF

Fe - ERFE 2014-218137
HEEFEA B - k2641002 7H
ERNAOR] . EWN

OBfFREL Gto )

K
FEEAF
HERIF -
TEEH
iR
HEEHEA H
BUSHEH B
E N5

(Z DAt
HM L

6. WFFCRRR

(D) W iR
4 fifi=E (ZEN, Nobuyuki)
MNIATBUEN PESERARAMZERT -
A7 v T 0 TARZERRRY - EAEMFER
MoeEH&S: 20455439

(2) WFFe sy
ALY

(3) JEHEFFEE
ALY



