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Research on Vacuum Chamber of Chip-scale Atomic Beam Clocks
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Abstract: As two commonly used time-frequency reference devices today, the well-developed microwave atomic beam
clocks have the disadvantages of large size and high-power consumption, while the chip-scale coherent population trapping
(CPT) atomic clocks have poor long-term operational stability. In recent years, a series of technological advancements in-
cluding laser cooling, photon integration, and vacuum technology have made it possible to miniaturize atomic beam clocks.
Chip-scale atomic beam clocks are entirely fabricated by advanced MEMS technologies. They combine the high frequency
stability of existing microwave atomic beam clocks with the small size and low power consumption of CPT chip atomic
clocks, providing excellent comprehensive advantages. However, there have been few reports on chip-scale atomic beam
clocks in China so far. Key preparation technologies of the vacuum chamber for chip-scale atomic beam clocks are systemati-
cally studied, including microfabrication of beam source cavity, beam drift cavity, and micro collimation channel array, as
well as high airtightness packaging of multi-layer micro vacuum chamber structures. Based on optimized deep reactive ion
etching technologies, common problems of undercutting and poor process controllability in wet chemical silicon corrosion
process have been avoided, and high aspect ratio micro collimation channel arrays with steep sidewalls, smooth surfaces, and
precise dimensions are obtained. Through the overall optimization of intermediate electrode extraction technology and anode
bonding process, the damage of reverse electric field to the formed bonding interfaces during multi-layer bonding process has
been reduced and weakened, and a high-quality five-layer bonding structure of glass and silicon is achieved. This study has
laid the basic process foundation for realizing high-frequency stable chip-scale atomic beam clocks and other quantum device
systems.
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Fig. 1 Schematic diagram of the vacuum cavity structure of

atomic beam clock
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Fig. 2 Schematic diagram of anodic bonding principle



414 B 50

55314 5% 3 1)

B h DT B SR, U AN A

G, e ] B = RSl — LR SR AR,

I SR AT P OB SR ST R B, R IR A
B, 2 1 F P £ ) 58— OB T, AR A i

XiF T B 3Rk - B A5, ok )2 5] S
PHAR, T Lkt G S A5 1T 2 [ FEL e, 32 S 9 = 2
AP0 H )25 | A A e 2 R AR, AR T AR
S A R AN | SR RS A, (H REA R D B e 2%
AP, xR R R I T AN S5 R, 25 5 S
w2 B PTEE S Y, A SE 0 A OB B S A
BT AT 107" Parm’/s™,

25 By M, SN2 2 G RN L A M o 4 1 DG
S/ I T R A R DB, S e )2 Y Rl B
LGl
2 HERRITERIE
2.1 FEa&it

K2 &2 HoS S5, Hh a3 58 B ek o
T KB, 1255 1518 BAH N aR X, 5 XOFfE B
W, EAR T2 AR T .

B 3 38 FLR I ROE I E, B R T AR A
265k, RS B 9T T2 R SR ] DRIE
D7, R T4 2 5 U 18 B s E

JZ R85 A 2R F BHAR AR A, A i N S 1 B B 5
e ISR W T s NI = B 1 B o ol = S i =
SEH, T A PR RS — AR

A A5 EL A s e o A A, o ] LA 5] T
K FSE LD R A R AR o B B -RE R UG T A
(LA, TS A I, 3 g ol PR R R A B B 9 Mk
filf H (B e, R R A A T . AR
FEHE GBS R, 7 T RS R — I % 1
Tt ) 4 T m 6, 30 2o 9 S 0 0o 8 5 5
e R o TG0 R T R T2 £ LA s 2 ik
PR, IR o IR A 107 ot 32 Ml B R R S 5 A BR JZ K
(R ok s, AT FH TS0 B0E 22 J2 1 2 2 254

RS AR NI 3 TR o Bl I e A T A
B PR TR I = 2 2540 B Tt s b, v a] ik
TSR s AR S | 5 o6 B AR B 2 S5 M 2805 T
5, BT AR A T B PR, B PR o
BRI T SE AR L

WA E — G, U dE L2 R R R (a3
B 10 B TR R ) HL 37, (HLE JE ke e, BB IE
i T EACI /N

L2 FL A5 I A g kA R, AR UCR FE

KRR | TR S R BRI T2, fRa Rk A
IEEIE I B 98 B

B i
g | BEH
© i L 90 |
B TR st
i
i
|

K3 mR4Saa R R

Fig.3 Schematic diagram of five-layer structure bonding
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Fig. 4 Schematic diagram of leakage detection method

for micro vacuum cavity
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Fig. 8 Anodic bonding of silicon wafer and glass-silicon structure
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Fig. 9 Bonding current-time plots for double-layer and three-layer structures
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