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Effect of TSV structure on ring matter wave guide
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Abstract: Due to the need for external power supply, the conventional matter wave guide on chip
with the ring structure cannot form a perfectly closed ring. The defects naturally exist in the generated
ring magnetic trap, which hinds the effective manipulation of cold atom. Using Through-Silicon Via(TSV)
technology could insert wires perpendicular to the surface of the atom chip, potentially reducing the
impact of the inserted wires on the ring magnetic trap. Here a ring atomic matter wave guide based on
TSV technology is modeled via finite element method. The magnetic fields produced by the wires with
various loading current are analyzed. The effects of the cross—sectional shape, the depth, and the gap of
the TSV on the magnetic trap produced by the ring wire are systematically studied. Finally, combined
with the simulation results, a ring waveguide atomic chip based on TSV structure that is feasible in
processing technology is designed.
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contour: magnetic flux density mode/T
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Fig.3 Magnetic flux density mode of the magnetic field generated by a single wire, and change of the magnetic flux density mode with distance as
intercepted by the red arrow
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Fig.6 Magnetic flux density mode of the cut line on the plane
parallel to the xy-plane in Fig.5 (b). The abscissa in this
picture corresponding to —350~350 pm of the mode
1516 18 5(b) 47T xp V- I EARE A7 B A R A R, [l

T AR AR NSRS #—-350~350 pm

2.2 BFLEBE XY IR S & 2

0.0012
N -~ 200 um-right(TSV)
N =200 um-left
0.001 0 '\.\\ —*— 300 um-right(TSV)
W —=— 300 pm-left

=
=3 (=3
(=3 (=3
(=] (=]
(=)} oo

0.000 4

magnetic flux density mode/T

0.000 2

0 10 20 30 40 50
relative distance from the surface of the wire/um

60

Fig.7 Magnetic flux density mode of the cut line along the
z-axis section in Fig.5(c)
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Fig.10 Current density distribution at the interface between TSV and upper surface conductor
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Tablel Minimum values of the magnetic flux density modes of the three coils with different TSV structures and their relative positions from the coil surface

parameter rectangular column 3 rectangular columns 3 cylinders
minimum magnetic flux density mode value/T 1.166 48x10° 2.753 42x10°° 2.15596x10°
relative position of the minimum magnetic flux density/um 21.690 04 21.669 46 21.066 39

3 &g

3 7 LA AT, 4R th— FRT G 3L T TSV BRI U R T8 oo
Fa 0o T TSV HEAR 8 R0 U 5 45 B 4 WA 5 0 U \ ool with 3 rectangular columns
b T O AL R AR (BB 20 um i,z 7 A AR <5 pm), K JRT 3

UL T 4B T O R . ST 5RO B AT, W T Q& H=
e > é:k AR c/\\ X . /;/x- ,\X‘ i N 3 1
REAL(TSV)ZE RO FLIR . FLIIBE . AL % 18 3 6 J5LF 90 R i 19 ‘*%\ //;;ww

—
(=}

[}

[=2)

B

o BAENOLR , TSV A FLIR B Al g, DL/ T 3R T
LT A W G S X R B R, PRI R 2R (B B o 7R T 2 TSV AR
T ARUELAT L R 2 R 0 Y AT 8 AR A R R AT R /N, DA/

38}

magnetic flux density mode/(10 T)

TSV b BB 1) S 10 KW A9 T 9% . 454 HAT T2, % IEFHL 0 i
P95 28 AR fE 7 1L B S FL B A B L ALY 300 um ZE A7, FL 1] BE I
10 pm Ziti, PSLESHI B TSV I HAT nf S0t v o A 07 FL&E SR Al DL Fig.11 Variation of the magnetic flux density mode
% I'ZH s /Bi TE'F ,E\ﬁ E j?f‘ E@ Xd' f/lji ‘@ , ﬁZfZ M E/‘J ﬁ/; %ﬁ N ﬁ {EE Hf LA ?ﬁ % E/{I along z-direction with distance of different TSV
WP, eSS T IO AR B TR AT, AT L sructures at TSV position

) e et s . 11 R[R TSV Z5K97E TSV Ab (¥ = J7 1) 0 25 AL
SRACALIG . SN B 4R R FLUR I 2 1 B R B T 35 ihiinli

— 2 P RIIE R R T R R

O RO TR B ST e T R ST T RO G RO X T S TR L AR I 5 5 A I
S E M-

[1] BERMAN P R. Atom interferometry[M]. San Diego,CA,USA:Academic Press, 1997.

[2] GUSTAVSON T L,BOUYER P,KASEVICH M A. Precision rotation measurements with an atom interferometer gyroscope[J].
Physical Review Letters, 1997,78(11):2046-2049.

[3] PANDEY S,MAS H,DROUGAKIS G,et al. Hypersonic Bose—Einstein condensates in accelerator rings[J]. Nature, 2019,570
(7760):205-209.

[4] MOANE R,HORNE R A,ARPORNTHIP T,et al. Quantum rotation sensing with dual Sagnac interferometers in an atom—optical
waveguide[J/OL]. arXiv preprint arXiv:1907.05466, 2019.

[5] MARK K,OMER A,ZHOU S,et al. Fifteen years of cold matter on the atom chip:promise,realizations,and prospects[J]. Journal of
Modern Optics, 2016,63(18):1840-1885.

[6] DU S,SQUIRES M B,IMAI Y,et al. Atom—chip Bose—Einstein condensation in a portable vacuum cell[J]. Physical Review A,
2004,70(5):053606-1-4.

[7] THYWISSEN J H,OLSHANII M,ZABOW G, et al. Microfabricated magnetic waveguides for neutral atoms[J]. The European
Physical Journal D—Atomic,Molecular,Optical and Plasma Physics, 1999,7(3):361-367.

[8] ALZAR C L G. Stability analysis of a magnetic waveguide with self-generated offset field[J]. Physical Review A, 2018,97(3):
033405-1-5.

[9] JIANG Xiaojun, LI Xiaolin, ZHANG Haichao, et al. Smooth Archimedean—spiral ring waveguide for cold atomic gyroscope[J].
Chinese Optics Letters, 2016,14(7):070201-1-4.

[10] JIANG Xiaojun,LI Xiaolin,XU Xinping,et al. Archimedean—spiral-based microchip ring waveguide for cold atoms[J]. Chinese
Physics Letters, 2015,32(2):020301-1-4.

[11] R IREOT I, 45 . T3 5 51 LR A H e i 1) =L IERE S 5101 WEAI], 2016,65(6):60302-1-9. (CHENG Jun,
ZHANG Jingfang,XU Xinping,et al. Three wire toroidal magnetic guide based on the vertical leads and ac current modulation[J].
Acta Physica Sinica, 2016,65(6):060302-1-9.)

[12] BEMRES . W T TSV B % (1 f B 3 78 T, ZFFE[D]. BB TP R K2, 2014, (XUE Dongming. Research on plating filling
process applied to TSV interconnect[D]. Wuhan,China:Huazhong University of Science and Technology, 2014.)



512 AP FESBEFEREFR 20 %
[13] ZERVAS M,TEMIZ Y,LEBLEBICI Y. Fabrication and characterization of wafer—level deep TSV arrays[C]// 2012 IEEE 62nd

Electronic Components and Technology Conference. San Diego,CA,USA:IEEE, 2012:1625-1630.

[14] MIAO M,ZHU Y,JI M,et al. Bottom—up filling of Through Silicon Via(TSV) with parylene as sidewall protection layer[C]// 2009
11th Electronics Packaging Technology Conference. Singapore:IEEE, 2009:442-446.

[15] LIN N,MIAO J. Through-silicon via fabrication with pulse-reverse electroplating for high density nanoelectronics[C]// 2013
IEEE 5th International Nanoelectronics Conference(INEC). Singapore:IEEE, 2013:381-384.

EEE N
FNEE(1990-), T, WA, W, BYHEERITA MR (1988-), &, WA MEHTA, W, b

FFWFEIT 1 21 email:332429243@qq.com. BB, EEBFTS W i TR
FHRAA993-), B, AT A, W, O]
B, EENEFE TS 0 &R R

(£ 4225 485 1)

[16] XU & KL T ] 11 5& . 3 F37 A9 Hessian 3 RUA F4E 100 i85 4G 5032k [J]. 807 9 92 B S IR, 2019,49(13):167-178. (LIU
Zexian, LIU Hongwei, HE Chuanmei. The sparse reconstruction algorithm based on a new scalar approximation to the Hessian
matrix[J]. Mathematics in Practice and Theory, 2019,49(13):167-178.)

[17] ¥ 30k, X0 48 . 2ok (9 STFT 5503 B D B A 52 [0, 3H3RAL TRE 5 13, 2018,54(3):200-205,232. (FENG Wenbin, LIU
Baohua. Research on image matching based on improved SIFT algorithm[J]. Computer Engineering and Applications, 2018,54
(3):200-205,232.)

(18] )3 54, EAE 55 A /INifE 55 . BT ORB 31 1 22 B 48 4 T PG DR IC ). OB 22 B 5 L 705 B 2741, 2015,13(3):491-
496. (FAN Qihong, WANG Zhengyong,HE Xiaohai,et al. Multi-focus rock debris image rapid registration based on ORB algorithm[J].
Journal of Terahertz Science and Electronic Information Technology, 2015,13(3):491-496.) doi:10.11805/TKYDA201503.0491.

[19] BRELAS IS NS . 36T oielF BRISK 33 i UG RRAE 42 U7 ¥ T 92 [1]. & RS #L 5 8 L 2020,10(2):174-179. (CHEN
Chan,GUAN Qi,ZHU Mingdi. Research on image feature extraction method based on improved BRISK algorithm[]]. Intelligent
Computer and Applications, 2020,10(2):174-179.)

[20] U7/ w e I T £0 E%@f?fuﬁ’%ﬁ{fﬁ%[D] JE LA B T K24, 2016, (YANG Xuan. Medical image denoising based
block matching[D]. Beijing:Beijing Institute of Technology, 2016.)

EEE T

FFEW996-), B, ma A, iR d, FEEH AT LR . EI{RICEL .email: 13222039187@

163.com.



