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Abstract: Superconducting quantum bit (qubit) is one of the most promising technology routes to realize
scalable universal quantum computer at present because of its strong compatibility with semiconductor
technology, large scalability potential, easy control, read-out and coupling. However, the realization of universal
quantum computing requires millions of superconducting quantum bit as its hardware basis. Therefore,
corresponding packaging architectures need to be explored in terms of scalable properties, superconducting
material system, low-loss electrical interconnect, quantum bit compatibility, electromagnetic environment
optimization. The main technical bottlenecks encountered by traditional wire bonding in the process of scaling

up are analyzed. A series of special interconnection architectures developed for superconducting quantum
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devices are introduced, and the corresponding advantages and limitations are discussed. The compatibility of

advanced packaging technologies in integrated circuits industry towards superconducting quantum devices is

discussed in detail, mainly covering flip-chip bonding, through silicon via and and system integration solutions,

providing an outlook on the trend of the above packaging technologies.

Keywords: superconducting quantum computing; advanced packaging; flip chip bonding; through silicon via;

system integration

1 515

it 5 B 1 HL R 1 T 2R R R f AR PR, BT T
RGN S BT B o 2SR SR DM S R
NZ—. Hip, B R BTER R n 8 R
T LM ENLRBLN B R ekt , B aigkis 7
TZ50EN, Bl B S s Bl A R R R B
FEMEIEES . TP R R B SR
T EURR R A T TR T | R AR R R
W S B 1R ¥ 1 LRRF (Transmon) 258 ] 26 79 ] Je
T A AT AP i 1 il 1 0 A sk et IS -, Rk
Al LLFE 5 I ST i T2 S B R R 4 B, [
I3 B A R R R o DA R A T 5 B - A
S P, A B A A B SR I AT R R AR R T Ab B
WA E AR L2 —.

MG LU R — T 8 1) R R G
(TLS) , & it SR 2 -8 S i I 2 2R
4 GBS TR LU, # R AVAIO/AL 3
JREERY) DA e — S HL 25 | HL IS Rl B I 3% R T, 29
BRAREE BT LU RE G oy ST PR RO R £k M AR 1 52
BUAR A T LA, i BV 25 2R 0 5 AH S A S B 1
TRl T RS S iR A SO, LA BT S
IRES S, B AT, A O wT LA BB E LR A
AL, AR, AR B ORI S e T L R
A7 b, 50 BT A e A B B AR s An R ik —
PR A EEs, AR R R, E
ST BRI SR T EUER R FURE R R A,
11 v A T PR TR G A R I e L DA
PR T LU MBI E Sl g, =k T &
A S B ek, R 8 SR 1 LhAR T B
BEHIAHL (—FpFI AN ‘He FiRe R0 3 He (0%
Pt BT A R A IR IR B A 3 B 4R (5 =2 JF /R
3 (mK) FARALIR AL T LAE, DLBE G MR e | Ay
B R S T S e 98 B - AREA ., B
B B AR E 55 QLB RS, | i ol

B 2o HAERERE B A RIS, R, (4 4E
T2 T3 L 7 Ml ) 4% 2 B e R TE T R
TR SR T UHRN N R SR R
PO R R A A RHA M 5 1 R ERE T,
SRt 2R AR SE AR A TR T A [ an 3 B A (FO) (i
AL (TSV) 251, B4 75 SRR AR X K VB
OB T IR FR RAFAT R HUACERE , HARE T4
Bl (IC) B4 75 S S NOGHE FEA SERI DL AE R S
Wi 7 )5 R o

H R 185 2 R 51 A R G L
i BRI Au 22 (S Pk RAT) St 512k (An Al %
AL ELE P AR AN IS / LR R A (PCB) [
FEHGER ., XTSRRI S, A
B IR T o7 P47 1 s R P L TR s, R
F5 12 Aout & EARRE AT Ui ), MIELAR B H Y e
e ST A TPTIBE S b N T U1 S o L
FRARr A H A PR K, AR Sl 14 AL oA L A B 0
IR AR T S R AR 82k, [Rlib
18 BB 5 | SRR R WA T FIBLAR R ) P A T2k
] 5 B B L S TR AL BT S I 55 i A Wi e 6% 1
PERERIANFI RN AR f A ol 2200, B B AR 24 4
Bl - P B Rt — B A T AR R
Ll (1 5 25 FL T R) RS, BT BERIAR GBS S B 7E
2 ANT5 L — IR ELIE S , 75 EE AR A AL A
SER R B e £ R AR 2T MRS | & IR AR T 2%
P (iR T - PR N AR B R MR TR
W), M FF IR T —LERR R T T S R T
T T A A, A L5 1] S BT N BT g
A HL LB U (], anzs SO 5 S THAR ) 1
JENOZE | SR H R R 23 S5 A R O A T B A L PR R
KA FE A8 TR Y B 50 s 8 3%
PESCOEEPR A, TR B 7 b 1 e e M2,
St HER AT R S R T R, DHRAHA R
e ATy AR T EURR R AR, 40 FCU TSV 22, i T
TAEIRIE e 25 1 T R AR A | AR . PR o e e R 7k
FrOUE PR & R DAUE Bt & & TR 5

030108-2



%23 B4 3

A, Bk, REE, SF. ISR A ERVER R AR

AXRET TR SRR A, 4
TSI A BOR Rk ELE S B e s P S B e
A BT F , o 1B AR I BFIEBLAR | 5% 8 () S &
JERT S AT TRIEIR , HExE T — B B nT RERY H A % et
11 7S il SR S B A AR i T 17
1) L

2 SlEBAHRRYRBRE

SIZBE A H AT T R e A R P
W B T SR A AN DR TLE,
SR, Bl e PR B B NI 2 LR )
PR tho 3% 7 S B R

(1) A5 2 PG SR HEAR I, et T B AR V2 AL
R, 5 2Bl & (UREFE L AN 2R IR LA H il i
E 25 P10 N ERHEAT A2 1 0 b vl TLIE %5 12, W15 1
SR ERFHK, R TS TR R RLRE R ke,
BN T AR 5 12T | T A R AU 5

@) Sl A AR L @Y KB HA /it
VO) XA AR I E @ ILER R, X FEE
Ji KR /PCB R ARG, RIUARES [A] 7= A A e 2%
THUR A LU, [RIN D VO KRR PATHEAIRY
A DIRST A BB SN AR R B AR 5

Q) VEA B AT ) SEBLE H LERF I 2 B R 2 —,
AR ) B 2 T B PL R T PR O D
PR 8 e L TR PN DX, i E o FELARE 55 A/ i 11 ) L
HEA FTRETE B 512, BEM R T 4K 28 £k 22
JI P He BT AL

h T v R A 5 | A R B A FISEN, £ 07
O E IR I E R NN AT T SN R o)
T Je THORIRR . &Pl K5 KAWAL %P &
TR IR R R, B2 LNE M EL BRI 2 A
CRREAEAE PER AR L A 4 R LA T R e B
ARG b SRR, SR TS AR
DEEA R v 5 | 2Bl A AUFLAR T Sk B 25 5 v, HLIZHT
TR HE A = A BN NS 7 DRI e A 25 0 55 R 2 OO
BRI FEAFI 2N . WENNER S T — R
BRI, TR R, e e AR IR MR 5 | 2
JEE FA B I S T B, HOBR AR SE AR T IR TR A (R
SIEACHE 8 = b P T ) 2 2R LA (B ) X 2
HCAE S B B A BTN 5 R BT 138 2 e 2
g, P 1B il A 3 v TR A TR L JES
BIEA —E R, SRS A R R

UL DI DA P 5 RERW], IREE ML
100 mK 4 AR TE IR (L4 e T 1 4 P A
LA W) 35 T 150023 BF , 6 GHz T 2% oAl &
55 K P %265 dB,

(a) HpEdim

(b) LS
P 1 OB A R AN A

I, 3B A R oy TARSREE T8 ANl Bh 25 A g
e, anf S Wi K FFE R H R R~ HY AVERKIN S5
SR AT EARIH/NTC AR ZE ) A — 2 AR AT i & 4
PR B MR USRI A RN . AR BiR g7 %
B Rl E—E R BRI GE 5 2Bl A R RAYA
FZMe AR T 2R B A B e e R, e
DAMARAS b fifE R AR AR T B8 ) VR IR T v % -
ERARFRE Z1I 5 A 5 1 2R W HTLAR B v 2 v Sk [l e, DRtk
UG AR T 58

3 Rk ALY

Ay T SEINA A U ] < T N AT T A, B
A AT AN [ X 3t 1 DA R R, AR SCF 52
BRI T — R FNRR IR I = 4 I 48R Lk o B 5 5
LR REMN, L, B SRS ZER LK
{EY, B AE B Re R s g A IR IE AL, 1A
SR PR S HIRIPE R , 2T R — PP 2 R
e, B 2 () fron . A8 S S i TP
HIA L BRI IR , W5 2 7 A — e Rl iR AN
(A ABRE , PRI 2 O B 1 A T8 1 A () X
AP IE LU AR T . A 22 NP B S i S 8 2y
SN TR I ) i O FAL 7 S R A P ) A L ARt m]
RE S0 i B L R RE SR B L 7 A — 25 R

030108-3



523 4545 3 1

T %

WWW.ep.org.cn

CPW Tx Line-1

Discontinuities at
Ground Plane 1

Ground Ground
Plane 1 Plane 1
Qubit-1
. /2 Resonator Qubit-2
Capacitor

Discontinuities at
Ground Pane 2

Ground
Plane 2

(a) ML TACER &%

CPW Tx Line-1

CPW Tx Line-2 Ground
Plane 2

Air Bridge 1
Ground
Plane 1
Ground
Plane 1
Air Bridge 2
Ground CPW Tx Line-2 Ground
Plane 2
Plane 2

(b) il &2 e IR 1A

2 ZERAMREAN

M,

BRONN 51 fia] — Ff 2 A8 5 Transmon L Eb
FreWeidhAhaiky (oAt Q4 AdE A fEHI 51 k8 A T
[4]) , JF % T —FfEE T Pogo Pin B MBI AL, Lk
A ER A AN ] 3 (a) TR, Pogo Pin d5f 3 A1 41
&l 3 () Fror, o {5 5 Pin g Fedth LHIR IR O

Data Qubit Syndrome Qubit

Quantum Bus Syndrome Qubit

(a) —FhEZM-CLLRRR S

IHFESCEL T PCB fil TAbBREHR AL 2 M A5 5 5,
HAHRBD Pin )75 00 M P 1R 42 . 25 SRR, 1%
Pogo Pin 3 A B - ELER R AR T IR . U5 R
iR R = Al w2 U S Y S T 2 2 B DRt
AR MR A Gl oIk 4) , LATHIAH
A

Signal Board Placed on Here

Interposer

Signal Pin Grounding Pin

Quantum Processor
Pocket Beneath Die
Base/Pedestal

(b) Pogo Pindf eI

& 3 Pogo Pin ZEy¥!

BBk FA R 421 BETANIN 250 7 — o o 14
T AR R AL T 52, 7E o R =423 TR 523 1
2o PR T LRI T A B, AR R I g 1
PEREE T st SR, A YT 5128
(InFE ) BBl 1% 74 EE 6 FH 3 A e il ik
BeCu 5.3 (JERETEA R BUfkik £k, il 575 B a2
(5 s B, S, e TR R A P 4 o, Bk
SR AR, LEFE S 8 GHz 47 B (Il 7 #
T, RPN, BAEAKIER T RECRFFIE 7 LhRE

HEEREAAE 2 AR e 2 i T — Rl A
WA [l e 5 d ok} & F-oC e (b A il , H b4 4n ]
S PR, FEGE 1l 4 A TR 4lA4 B Transmon FRAF,
HARMERR A B A 1 % RIS . RI5hIRsh 2%t

Pt 87 BLE BRI, DAA AR & #9757 A 1A
TCas FREATI , i R Eh £ 5 A 2 TRl F Tr] BE BT AT
TR AN LR - A R BRI
Bkt 7 R S B £ 3 AT S BRI A T T BT AR R
FA AR TR AN , JERR SRR s M B 2 s N T

4 APt E R

204 1] PN B AR R A B A L A i A T
BERI, R 2 B A0 £k T 20 2 T o 1 1A S L %
HYELETRRAE — /MR B ARAIESE , (Hg X — R e &
T RGP ETIA—LERFIM,

(1) A3t 2 AT SR TR A P HHAL T el REXS 292

030108-4



%23 B4 3

A, Bk, OREE, SF. ISR A ERVER R AR

(a) Tl 2 R sk

Screw-in
Microconnector

(b) HAIERIEHY (Tl 2k e e A b 2 4% )

4 TR

Transmon Control Port

LC Resonator

Measurement Port

2

3 mm

(a) HERE5HY

Transmon LC Resonator

1 mm

(b) TransmonFiEHRIEIIXLF

5 OBk AR

RAREGE RAUBRIERI A RIS, B S 254 T HY T
MBI

(2) 4 2% 18] T S B L 4 25 Dh RE AU B it A1 B4
b e fedbs, XLERFEAICT | K BPRE T 3R
H —RERARGTAINE I, H T ALY R AR REZ R &M LU
- U R RGBS AN ), AT 51 % A nT 2240
A LURRIR AR T8

TR X — (A1, A 40 ok 7 Zeme e ™, anfhe
e ERESE AR R T Z B4 B IR LA /> TLS
R DR, 52 Bl A 8 A1 2 2 i K S T A I = 21 ok
A5, DA U BT B 2 0 Al e 7 A B (n
T3 h— Tl i e S A o - LA
B e s BE DS 228 23 Sl il 4 42 2 A SRSZADE b
B (6 T S BB R AR 2 B o SR BkESRe, T2
ARG S R UL T SEILR 1L A R AYZS
A4 85, FHOCHFSE H il 2 2R £ FC TSV R A Gu %
W5 % 3 A TT
41 HREBSEFREVERESEA

— R AT R LR R BB A AT
SR LU LA AR Z5 2,

(1) M EAN A T 20 5 S LR A il
T T OARMA , AR B B A S I, URIEA

Transmon) P24

A1 Z ] B TEAR I B F ol 0 = A SRy S R L 5

Q) B A IR A L, DA 20 R ARE R
KACBE, S A O R AR T 2l , (80558 o e B 24 £E BRI
i Fer (B mK 52 300 K ) fR4F R AT B R AL
PERE.

FEBE A R R VT, o 2R A
PR A R i S T B SR A e, e M S A R i P T
(3.4 K) BRI, H Al {E2 2R AR 45 il & o B vh A 4L
R B e HIP, ALFN In Z[A) 5 de A=A 22 RO T
B4 AL A, R BRGS0 e b R B4 2, T ke
5o RA Yt Sk (CMOS) T ZAHH AN
TN, KELTHESEFHELIHH TS
(5.64 K) . BrT LR#RHLLE , n 2R H Ta i £&
JA P NDN B[LRY R P8 bR Sk

FOXEN 2553 AVTiN/In & 25400 a7t A T
TYEE. BT 2 ol e sln, REL R JS
A SO R AT TR AL E, BEJRE SR T I
10~20 N/mm? {9 H: o 5 BB & o MRS RAE W, 1%
LSRR AR 25 mA, @S EREA
LK, A8 & S5 (E SR BE T A FRIK T 3 nQ, HLbK
USRI AT, (SRR AR B e R R S A
GUARBAIBARY YU 55 U R H] T AUTIN/In/Au 8 & 25

030108-5



523 4545 3 1

T %

WWW.ep.org.cn

¥, NI A et Ko / B R R . HLAR R
L 2REtE  E M R bR AT T RS R
T PEA

LI S50 R i e B AR S T — el it i 9
Transmon Lb§§ (Flipmon) , 2 Ffii - Lb4ext Lb4n &l 6 Bt
7N Z AT R FL 2 S A 4 o FL S TE] B (5 )
TE B EATHOE U2, DS i R 25 R A 45 1l
T AR S TS A BRI B R IR R
A RRW], %08 Y L Re 9 AH TP m] DLk 2 1% 5t
Transmon 7K >F-, GE 55t TR I [A] B AR A3 52 £51 % ™ R
SN 1 B PR T 4R -2 RS I, SR 4 i 2
REPRE T2 AT LIHBR IZ e 5

A SRR T A 221 KOSEN 2P| (51 25 4 &
BRI FH PR T — Bl b A E 284, i 7 Bt

Q-Chip d ntrchip Spacing
C-Chip
Substrate Bump Qubit & Coupler
Ground UBM Control & Readout

(a) %GB

7Ro HiHt Q-Chip FEE A [H 243 55 Transmon &1
FLAREFIA = v AR A 2% 55, A M BB PR & T C-Chip
W XY Z gl g B g PRI, MK A R R B, T
ZOFF AR R S bb R R RE GE B TR AN 5
Transmon 7E3EAH T A] L [ THERVECR 2L 8 S5 56 fiabr 1
P I BRI e gtk AN, b AT ) HLRE S
FEALIBIFSE T 2% P RE XS R Al BE g i i, 38 tH 17—
B B 5% SO iR T

(a) f&4iTransmon (b) Flipmon
& 6 2 Fhg 1 Eudenss e

100 pm

(b) E& M (81) , (A T4ELENDN, figh RAl

7 TR

IR B T4 Be ) DAS S50 2 A S 8 1 Eekr
R A R B A B — AR R R L A
TS LG MCM) B0 Bl 5 6 PR R
BB AR B o3 BIREES o S R b AT 1 OR 4, il T P
Wi 3R TR i, AT AR AR IUIKIA 58 T A 28
FHEHU AT Stk AL AR EE R, RCHEOR B =
B AR B E L T 0 5T A B3 5N 258 R AR S
JeBPERE (e i e AT PR
42 HEBSETFREMNEELEAR

LT IC BERAY R RIS, R TSV B D
- P R S B HLSA m) AR — A~ F AR LA PR EFE
AT EA 2 025 ROl T se i 7T TSV etk
BB S = ARSI SE LS IE . TSV RUSIAA
Wi g dn S ()

(1) 2 Lo 7 B LI, RERS SR BLBS FE AR Y o R 15
S, R R E AR S BT R &, TSV etk
g4 FC Al sKBLIE S i 5 2 LU A8 =2 il 4y
B ISR 5 PPERE R RN 5

) 55 BRI, fE 1 Pl J& B 24 HE A TSV,
RS E R R R RE , B AR BUE S A LR A
Az s TSV BEFI L ] B Y A BE B TE A B T4 i 458 0

PR Y, LI 58 e T R DU AR X
[E0y-AlIR

L B B L I e v o FHI TSV H R T ASRE
BT R 3w R S 5=, bR 58 TSV NERY
YT 4 R B O SRR FEAIRIER T S R R A, R
AE IS, 5 P2 B A BUR R, AT RE S | R 21 IRAH
To FFPEHAHARE K 2850 25 i ok, M AT REAE =R =
mK G B i FE o o Lk R S U Sk, R
)8 T 88 PRI TSV S5k 5 2% B b Hip 5
Rkt WU TSV T, S50,
H RS 8 5 - LU B m Tk 10/mm?, e 424
IELAT B R R FE LA 2 B 1 EL AR 23 I e g S e T
SHEE H TSV R R /NEZ . miE st
gk, (RN, TSV AR R A I & LR R
JEE (<100 mK) fy Il 5l FE (A, FLIG S i 2 i 22000
10 mA, DAl 2 ] R &1 LUA LA i Bk . R 2
PERFoE TR — STk R T3 TR, TlEeE 4
34 Bk T AL (In & TiN 3688 S AP RHE T
TSV &4y,

IR FAFFE T k% ALFARO-BARRANTES 22635
Xt 3 PRSI TSV HkGH 64 T Al Z, Al &

030108-6



%23 B4 3 A, ik, AR,

L R S R AR ES B IR

TSV &5 4niE 8 Fron, &5 R LW, this i TSV T 2%
Rt e, (0B 45 SR 22 2 25 b A ] J5E HE O o [
DLV 3R M, TSV B AL SR P A 160 mQ, %
B /RSO EAD I 1.27 K HIBEIH T (8, dh [ 22
R BT 90% RS TSV LZ28CR K 2, LI FHAT
FIE, Htad AL R PRI R 5 (487+68) mQ, Al G4 7%

Straight Wine Glass  Hourglass

(a) 3FAIRIKY T TS VAT B U 15 f SLhRSEME

i JEE (L 9 22 I I I e T 3 T 84 1 o A A
R ZE ORI e gt — BEUHAY Te; AT TSV
TR e 22, i B S 5 U BLAL T MQ 248, Wi
W e TSV v [i] EWTBTEU&&EJ&. FIIE AL,
PRI, P o 78 TP A 20 S5 1 i 7 3 L B O
ETRTE LY Al LR S TSV,

Target(Aluminium)

&) Al

Al Al

Al Al

L A A Al Al Al
Al

Al
Al Al
q & Q@ 0 a a

Al Al
Al a g a
@ A Al a)
Al Al
a®a a, » a Ya®a,
Al o O a @ Al Al
A & & A & A AIA) A A& A && A &) A

Si Wafer

Anode (+)

(b) I AR T 2R R R

E 8 Al Mk TSV £5#yt4

RURKAFBE TR % ALFARO S5P98 R AT 46
R EEL TSV #E 47 THE (%€ 300~500 pm, F i
50~100 um) In 4 TSV {58 TZaE 9 Fos, B
P F s R G0 R RS 160 C (LA b In %4E) L BE
Ff%ﬂiﬂﬁaalﬁﬁﬂﬁ%lfﬂ%ﬁzlmt%% ST

WHRYE, WAL L FRE D2 MR In DUZ2mE&A
}L fJo 8 A 2 A SR T I ) ) e 22 A il B w] R IE
AL, XA SRR A S BT T Z 3Rk
AR TEALTR At S AP (10 min) 7T,
TSV {IHBLA AT 593.6 pQ-cm, A2 ZACAE TR &
In B[R CA R UIEHC 2% 1 4 s R 9 )2 3 ) 1, S8k
ZIh T2 A — R E

75 2% B K H RS 0 Y GRIGORAS 47 E
60 pm E {2 TSV i fii il ALD HeARGRIZTIIR 1
TiN, TiN J& TSV # f14brY SEM El4nlE 10 frzs, ik
EERFW], H i S A8 i e 24 1.6 K, 55 it it BEL =3 %
UL 110 pQ-om, fE—Fh [ SR TSV fil& 75 %,

43 HRBSFEFRENRZERTE

BT ERe g A il LA AR LR, W UL SR
RS R T LR 2.5D 3D H3 504, it mitb d buds
HNEEZ hReEEENR T RS%. OA 2R

PA D X — PRASTE T BRI ikl 7 %, BAT HSEAY
Z %A,

(a) BHiERE TR L (b) (A& R B A

(c) Inif7idAL (d) (&) EIn

(e) HETHB. JHbnE EIEAL
Si Sio, In Kapton
5 9 In & TSV {54 T 209

ROSENBERG 2548 T 4nl&] 11 (a) Frociy & 40
B R = A A R AR PR AR Y, T R
AT LR, iR TSV &8, ik il i £

BATE L 22 RARE . FliJRA(E 2020 48 ZAIBACKE Lk

030108-7



523 4545 3 1

T %

WWW.ep.org.cn

SER fiy £ 4 “3-Stack”, BT T i AR R 1 “2-Stack” I 58
B TR SRS, 4n ke 11 (b) Fow, HOURL & &Ly
S T TiN & TSV Bedieth, 3 d i #iAEF0 Ti/PYAu
Ml AR (UBM) 7R 105 CREEA, S5REH,
AR SR &7 LU i Ti=10 ps, 2-Stack A
PR A G TS, B TSV R s H &
T LRI TR R (S 5 . 3o, I BAGE ¥ 42
TEAnE 12 BRG44SR 45 &
PR RE RIS HL I PCB 82 8% | Rk, Hoop
SRR RS BT A MK, T mK 2K
T T AR A, H A A 2 L s 1l B ke ok el 8% 1l 2 1A

v o PR R M L, R e e SR X R, DA
IV AR HL A BT R AT 2 B FE s 2 2h
RERLLR ) RGBT .

TiN

o

& 10 TiN & TSV 4% f4LHY SEM &

Indium B
Qubit Chip fidium Bump

Bond
Interposer
TSVs
Qubit Chip (b) 2-Stack
Qubit on Interposer Chip
Interposer
Interposer

Superconducting Multichip Module

(a) 3-Stack

(c) HERERANCE R Rmfila & riuks  (d)

ERTEEE TSV SEME|

118 T8RP o = 4 B sl i

SMCM

Flex Area

Rigid Area

Rigid Area

Pl 12 (R B AR i ™

ARk Hy BRECHT S92 H 1 —Fh 2 B i
%?ﬁiﬁ%bﬂtﬁ%,ﬁn@ 13 fivR.
Horp, &R E D RERITC &% o0 A T AN 6] =ik A
e T A o T 2 *&Eﬁé VARG S
L5 SRR 51 (BGA) SAMBIITE BB, %4
GeALE Z A LI T R IR Z5 AL, mT TR il 4 v
an L PR - 1 &% L 1504 B 115 B AR il A, o T
BB AERENE (G €a) BRITTEIE RS, S

Bt g R AP A0 S rLASTRE R VR, TR S T A 5% 4B
AP 13 (b) B, 8 PRS0 I U0 0 78 1 B % | 1 I s
SETC g PR aniE 13 (o) For, stk N BE B A S SR 1t
= (H6),

F R -0 5 AR 4 LAl 15 i o fE
W& | & &2 PCB i) Aok EATIE I, (H 2 A
S HEBEHT—E MK PCB A & R ik, H
bt , ZRJE R4y COLLESS MR HY 1 4nlE 14 Froni

LTH

030108-8



%23 B4 3

A, Bk, OREE, SF. ISR A ERVER R AR

BEHALARIR L% T &, oo A & i O FafE Sk
(R) 2 #85y, AiIE (RS TR LLRe. O ol St
AHREL, R B M T HAR A TR 5 B A
TE BT LA S FLAE S5 A, DA S Dig I8 & AN Ml L =,

erh TRAFER L EEAR R E R, oI DL E LR
ARG LRI M EARMRKTE R T OS A f
SRR AR BT AL, Kl TR A R T
Ji AR PCB 20 s A RO AT B i AR 28R

Wafer Substrategpie]ding Enclosures Wafer-to-Wafer Apertures

Superconducting Film
Multilayer Signal
Interconnect

Input Circuitry
Output Circuitry

Storage Layer

Wiring Layer

Connectorization

(a) HEMREAY

Bonding Microstrip

(b) FETR I i &% Bum

Shielded Inner
Coupling Line Superconductor

Top View:

Qubits

() e RV om0 0 78 A% 2k
Bl ST as

Bl 13 2 R R SR SR BT

Fuzz Buttons

Bias Tee
RC-Filter Resistor

FR4
Rogers 3003
Rogers 3003
Rogers 3003
Rogers 3003
FR4

Bias Tee
Capacitors

Bond Wires Microwave Inputs

Ground Feedthrough

Device Board
FR4

FR4 RF Interposer

Signal Board

Bl 14 B fbikin GiE v

5 ik

R TR AR A ol R SR, LR AL
E AR R] L8 /OB TR L RE | il T 255 IR
13 T RERIRES , [m] ok 15 A% B B Al 2l
Ko HATH R 4 HEROR CICTE 2 SER MR
TR, BRIE AR SC I 90 8 0 Rk TR 48 b e 25 Pk
Feit BN 2 T3 AT TRERR . £ HULAIAR
oK, BRI B AR R A AR B A S R
%O H 2 —, HT FC Je TSV 1y =44 Bl

A HE TR W R A5 S B R Y LR SRR A T ST
LhRE B ITTHI R 10 3 BT 22 S A LT D O H R i 2
He it PR TSR S B M S A R A A

SEH:

[1] SHOR P W. Algorithms for quantum computation: Discrete
logarithms and factoring[C]// Proceedings 35th Annual Sym-
posium on Foundations of Computer Science, November
20-22, 1994, Santa Fe, NM, USA, IEEE, 1994: 124-134.

[2] HUANG H L, WU D C, FAN D J, et al. Superconducting

quantum computing: A review[J]. Science China-Information

030108-9



523 4545 3 1

T %

WWW.ep.org.cn

Sciences, 2020, 63(8): 59-90.

B] &l S HRFIHRI]L AZARE, 2020, 42(4): 301-
310.

[4] COLLESS J I, REILLY D J. Modular cryogenic intercon-
nects for multi-qubit devices[J]. Review of Scientific Instru-
ments, 2014, 85(11): 1-5.

[S]ABE S, Al , Refesk, . e O BB A
R[] oot 5508 2022, 41(11): 1143-11438.

[6] CHEN Z J, MEGRANT A, KELLY J, et al. Fabrication and
characterization of aluminum airbridges for superconducting
microwave circuits[J]. Applied Physics Letters, 2014, 104
(5): 052602.

(T 1E4EIL, Bt 50, 5. Bkl 51 Lu e Sl B
A [T]. ARk, 2022, T1(5): 33-47.

[8] ABUWASIB M, KRANTZ P, DELSING P. Fabrication of
large dimension aluminum air-bridges for superconducting
quantum circuits[J]. Journal of Vacuum Science & Techno-
logy B, 2013, 31(3): 031601.

[91 BRONN N T, ADIGA V P, OLIVADESE S B, et al. High
coherence plane breaking packaging for superconducting
qubits[J]. Quantum Science and Technology, 2018, 3(2):
024007.

[10] BEJANIN J H, MCCONKEY T G, RINEHART J R, et al.
Three-dimensional wiring for extensible quantum com-
puting: The quantum socket[J]. Physical Review Applied,
2016, 6(4): 44010.

[11] X558 485 i -2 PR il & 5 T R B 07 Z I
[D]. FE AL FE AL RS, 2017,

[12] YU J X, ZHENG Y, ZHOU S J, et al. Indium-based flip-
chip interconnection for superconducting quantum com-
puting application[C]// 2022 23rd International Conference
on Electronic Packaging Technology (ICEPT), August
10-13, 2022, Dalian, China, IEEE, 2022: 1-6.

[13] KAWAI J, SAKAMOTO Y, KAWABATA M, et al. A
reliable molding technique by using epoxy-based resin for
thin-film superconducting quantum interference devices[J].
IEEE Transactions on Applied Superconductivity, 2005, 15
(4): 3901-390s5.

[14] WENNER J, NEELEY M, BIALCZAK R C, et al.
Wirebond crosstalk and cavity modes in large chip mounts
for superconducting qubits[J]. Superconductor Science &
Technology, 2011, 24(6): 65001- 65007.

[15] AVERKIN A S, KARPOV A, SHULGA K, et al
Broadband sample holder for microwave spectroscopy of
superconducting qubits[J]. Review of Scientific Instru-
ments, 2014, 85(10): 104702.

[16] PATTERSON A D, RAHAMIM J, TSUNODA T, et al.
Calibration of a cross-resonance two-qubit gate between
directly coupled transmons|[J]. Physical Review Applied,
2019, 12(6): 064013.

[177 RAHAMIM J, BEHRLE T, PETERER M 1, et al.
Double-sided coaxial circuit QED with out-of-plane wiring
[J]. Applied Physics Letters, 2017, 110(22): 222602.

[18] SATOH T, HINODE K, AKAIKE H, et al. Planarization of
Josephson junctions for large-scale integrated Nb SFQ
circuits by mechanical polishing[J]. Physica C: Supercon-
ductivity, 2004, 412(1-2): 1447-1450.

[19] NAGASAWA S, HINODE K, SUGITA M, et al
Planarized multi-layer fabrication technology for LTS large-
scale SFQ circuits[J]. Superconductor Science & Techno-
logy, 2003, 16(12): 1483-1486.

[20] ROSENBERG D, WEBER S J, CONWAY D, et al. Solid-
state qubits: 3D integration and packaging[J]. IEEE Micro-
wave Magazine, 2020, 21(8): 72-85.

[21] OLIVER W D, WELANDER P B. Materials in supercon-
ducting quantum bits[J]. MRS Bulletin, 2013, 38(10):
816-825.

[22] DUNSWORTH A, BARENDS R, CHEN Y, et al. A
method for building low loss multi-layer wiring for super-
conducting microwave devices[J]. Applied Physics Letters,
2018, 112(6): 63502.

[23] KOCH J, YU T M, GAMBETTA J, et al. Charge-
insensitive qubit design derived from the Cooper pair box
[J]. Physical Review A, 2007, 76(4): 42319.

[24] YAN F, GUSTAVSSON S, KAMAL A, et al. The flux
qubit revisited to enhance coherence and reproducibility[J].
Nature Communications, 2016, 7(1): 12964.

[25] FOXEN B, MUTUS J Y, LUCERO E, et al. Qubit
compatible superconducting interconnects [J]. Quantum
Science and Technology, 2018, 3(1): 14005.

[26] JHF4F. a9 s 3 T2 R IR U S5l [D]. W /RIE:
W JRTE Tl K2, 2020.

[27] LI X G, ZHANG Y S, YANG C H, et al. Vacuum-gap
transmon qubits realized using flip-chip technology [J].
Applied Physics Letters, 2021, 119(18): 1-6.

[28] KOSEN S, LI H X, ROMMEL M, et al. Building blocks of
a flip-chip integrated superconducting quantum processor
[J]. Quantum Science and Technology, 2022, 7 (3):
035018.

[29] DASR N, YODER J L, ROSENBERG D, et al. Cryogenic
qubit integration for quantum computing[C]// 2018 IEEE

68th Electronic Components and Technology Conference

030108-10



%23 B4 3

A, Bk, REE, SF. ISR A ERVER R AR

(ECTC 2018), May 29-June 01, 2018, San Diego, CA,
USA, IEEE, 2018: 504-514.

[30] VAHIDPOUR M, O'BRIEN W, WHYLAND J T, et al.
Superconducting  through-silicon vias for quantum
integrated circuits[J]. Quantum Physics, 2017: 02226.

[3115kitd. TSV 4 H LK AL HEZE[D]. V% PH% 1
FHiR %, 2021.

[32] MALLEK J L, YOST D W, ROSENBERG D, et al.
Fabrication of superconducting through-silicon vias [J].
Quantum Physics, 2021: 08536.

[33] ALFARO-BARRANTESJ A, MASTRANGELIM, THOEN
D J, et al. Fabrication of Al-based superconducting
high-aspect ratio TSVs for quantum 3D integration [C]//
2020 33rd IEEE International Conference on Micro Electro
Mechanical Systems (MEMS 2020), January 18-22, 2020,
Vancouver, Canada, IEEE, 2020: 932-935.

[34] ALFARO-BARRANTESJ A, MASTRANGELIM, THOEN
D J, et al. Highly-conformal sputtered through-silicon vias
with sharp superconducting transition[J]. Journal of Micro-
electromechanical Systems, 2021, 30(2): 253-261.

[35] ALFARO-BARRANTES J A, MASTRANGELIM, THOEN
D J, et al. Superconducting high-aspect ratio through-
silicon vias with DC-sputtered Al for quantum 3D
integration[J]. IEEE Electron Device Letters, 2020, 41(7):
1114-1117.

[36] ALFARO J A, SBERNA P M, SILVESTRI C, et al.
Vacuum assisted liquified metal (VALM) TSV filling
method with superconductive material[C]// 2018 IEEE
Micro Electro Mechanical Systems (MEMS), January
21-25, 2018, Belfast, North Ireland, IEEE, 2018: 547-550.

[37] GRIGORAS K, SIMBIEROWICZ S, GRONBERG L, et al.

Superconducting TiN through-silicon-vias for quantum
technology [C]// 2019 IEEE 21st Electronics Packaging
Technology Conference (EPTC), December 04-06, 2019,
Singapore, Singapore, IEEE, 2019: 81-82.

[38] ROSENBERG D, KIM D, DAS R, et al. 3D integrated
superconducting qubits[J]. npj Quantum Information, 2017,
3(1): 42.

[39] YOST D R W, SCHWARTZ M E, MALLEK 1J, et al.
Solid-state  qubits integrated with  superconducting
through-silicon vias[J]. npj Quantum Information, 2020, 6
(1): 59.

[40] BRECHT T, PFAFF W, WANG C, et al. Multilayer
microwave integrated quantum circuits for scalable
quantum computing[J]. npj Quantum Information, 2016, 2
(1): 1-4.

1EEE T

ARG 2001—) , 55, H 2= M
N T ERFIEAE , FEEMFITT 1 o = 4
SRS

FEik (1973—) , 5, AL XA,
i, BIRFEE R, BT A RS
Py MEMS B35 54 R st |
T TSVITGV [ = 4 4 ) 55 S ik 1L 3%
SEEEEA, Aok EE SR A K
BT N S R B .

030108-11





