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Preparation of chip scale alkali atom vapor cells with high hermeticity
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Abstract: The preparation of chip scale atom vapor cells with high performance is one of the key technologies that urgently need
to be solved in the development of chip scale quantum sensing instruments at present. In order to solve the problems of difficult quanti-
tative filling of alkali metals and poor hermeticity in the preparation of chip scale atom vapor cells, the fabrication of the chip scale al-
kali atom vapor cells with high hermeticity was studied. The microelectromechanical system (MEMS) technology was used to realize the
batch fabrication of chip scale atom vapor cells. The silicon cavity was prepared by deep silicon etching technology. The preparation
and quantitative filling of alkali atoms were realized by photolysis of RbN;. The atom vapor cell was sealed by silicon wafer/glass bond-
ing twice using the anodic bonding technology. Rb alkali metal atom vapor cells with N, as buffer gas were successfully obtained . The
bonding strength, hermeticity and absorption spectrum of the prepared atom vapor cell were tested. The results showed that the glass/
silicon wafer/glass bonding strength of the atom vapor cell was high. The average leakage rate of the atom vapor cells in group B was
2.2x107° Pa'm™s™", which is the leading level in the industry currently. Finally, the reasons for the performance difference between the
two groups of atom vapor cells were analyzed from the preparation processes, which lays an important foundation for promoting the de-
velopment of chip scale integration technology of quantum sensing instruments.

Key words: chip scale alkali atom vapor cell; chip scale sensor; rubidium azide; anodic bonding; hermeticity

WimBHE: 2022-07-06; fEEBHA: 2022-08-01

E&WH: A0 H (KBH72102580) ; #4195 560 % fi e ia 1759 H (KBW81901580)

SIRME: XAk, ZR4E, UK, F. SAREESRF R TRENHEPR] SHER, 2022, 42
(4): 51-56.

Citation: LIUY L, LI W, LI'Y D, et al. Preparation of high hermeticity chip scale alkali atom vapor cells [7].
Metrology and measurement technology, 2022, 42 (4) :51-56.




- 52 - ERRORERER

202255 42 % % 4

0 35

BT RS AL B A K
PEGF . mERRE . T A S A, v LR
T AR e A Mk R . B ROR DL L
AL & JBKF . HuarEANE ST IR TR T ' TR
PRI AT AR IR A g, 35 EARIE S BRI
Bt (NIST) B2 o 2 7 3 i mg 2 1w, 42
“NIST ON A CHIP” 181, Z Ze P b X isf [ 431 %6 |
KB, A 1% BESESERIT TR T8
TR A AR AR Y D SRR TR
TSR TF R D SRR AR
e URAY ST R G A O R Ak L e
BN G R R Y AN R A R
A SRR AZ T, HT P AR A
AR E PERE, SR BIAS AR T R TR
AR R AR R e, L, PR SRR
PR FREM R EA BT,

WRAE e R, TR PR E 0 Lo B R E
FREBE S S E R, R, BB E R B IK
il Bl B RS R RO F B . AR
KB THI RS (MEMS) ABAE40IN T. 1. 2%k
filis . MEMS T.2CRHMAB &, fiRTFREN
Bk 8 A Bl R RT RE T LB T S G L R A
MEMS T. A6l &R 7R %, £ 255 Z M m
R — SR AT A T e Al T I U 1
SRITTREABNREN; IS B R
U R R B . NIST Y Liew 25 A 7R HL23
IRAE MRS AR L e R AR E I
X AT 38 . Knapp Z:0F 58 A 51 10 i i 78 B 7
G BaNg Al RbCL R W A5 280 4 J|@ H i, 25
AT, K A B RFRE, sl A
TS AR E W B . 7 Femto-st AF 5 T ) Mau-
rice SERIFSE N GRSl I PEAR B O 1A % B R TR
=, RHARYIRHEOCIRH T EN Cs,M00,, Zr-AlH}
H . RRE R RS R A HL- TR A 15 5] Cs ik
SR, HE&ETARE RS 6 mmx4 mmx
2.5 mm, IERRF BN AR R E N
Fo A B AR A A L A P A IR PR
(160 C) FREEHIEFRE, Ka#ETEIRT
FEAR AR, BScE R R EN, fl&

T

TR ZER SR 6.5 mmx4. S mmx2 mm, %
fIETF 2. 8X107 Parms™ o HY T K 48 il {35 F 5% BT
(2B N & T HAENS mm RE, R
FHOGHE 3 i RbN, B 5 50 46 Rb G4 J 5T, &3
A BT B LT 2. 5107 Pam®s s

A N BRI R 2, 4 JE e
KT T —aEmte, HREmE R
EEIET . RTFRERBE . i f AR E v
ST W IR AFAE G L I, T X A R R
G )i E e, AUEPEE SN, AR T
EAREE SR YR TR EMR ST . RAES
il S LR 4 S 1) R, DK A2 9 RN IR
WA B E NI BT, 3l O 5 S i
RbN;, ¥ r=E09 Rb AN, BB E N . SR ATPIIK
FH B B T 20 B 28245 RbN, iU RER S, 1535
SEMRE AR TFRE. SR FRENE
FEAS TR & 9 RN, 5% 0 4 3 5 i 4 JR 1<
il T X MERE S, by B A R T
REM T FRAHE S

1 #H&EAHE

SEHGE FH N B <100> S EE - Al BF33 XU B 3
YE NS R R TR B GERHRL, iR EE N
1 mm, BEIEEREH 500 pm. ZEM T EEAELT
s ®ER 25 LB T BRI &R,
VPOt AR FRESWE R EFER; BT
B 2 1) FHAR B A 4 R AT LS R PR E 1Y R4
wE, B RRRFRER SRR ER.
1.1 BFERERSS

K HREEZI I E AR H 2 rE WS . i TRES
FENE ST AT IA 1 mm, PR T R A 2 ok
BCRREZ B FERE R T RIEA R ZE, B k%)
THUBL B R s T i R B R R AR AR B TR
Z BIIR o SR FH G5 DR S BOR AR Uk e n RE R
(El1 (a) ) EFFREZMAERT pm H1500 nm 1)
ALEJRIEE, WE 1 (b) Fra, B3R Al 48 AR
FREREALZE R R AL 4 Jm BEAE A 2] ik LI B AR
P2, 7E LR AR FierR ez, mE (o)
fiae, Zeadmrdt. ez, Wi AL, CKZIshE
Wtz BIeE R L, WiE 1 (D) i, 7
kR HBERC 2, ORIPEE I TE AT ALE, SR



RIS

AT - 53 -

() I (d) 5621
(c) spin coater (d) lithography

(e) ZnkiAl GRAEZ (2) Z /AL (h) S — Uk AR B

(e) wet etching aluminum film ® deep silicon etch (g) remove glue/aluminum film (h) first anodic bonding

5.
Q00
' 0% o
[ ]

(a) TPkt (b) BEALR

(a) wafer clean (b) coating aluminum films

(i) BIFERON, O) s

(i) filling the silicon vavity with RbN,  (j) second anodic bonding
o Itz

.

(k) AL
(k) UV irradiation

B RN, Rb ®N,

() TR
(1) alkali vapor cell

1 SRR TR il B

Fig.1 Schematic diagram of chip—scale atom vapor cell preparation process
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Tab. 1  Shear tension test results of atom vapor cells
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Fig.5 Leakage rate test results of atom vapor cells
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