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Abstract: This paper introduces the role of atomic vapor cells in hot-atom precision measurement systems and dis-
cusses the principal physical mechanisms governing atomic spin relaxation, as well as their effects on polarization lifetime,
coherence time, system noise, and long-term drift. The processing characteristics, applicable scenarios, and development
trends of conventional glass-fabricated vapor cells and MEMS-micromachined vapor cells are compared. The effects of ma-
terial selection, structural design, wall -surface treatment, buffer - gas metering, and thermal and magnetic environment
management on vapor-cell performance are also analyzed. Looking ahead, the development of atomic vapor-cell processing
and manufacturing should focus on establishing an engineering-oriented characterization and evaluation framework based
on intrinsic parameters, including atomic number density, spin polarization, and relaxation time, together with the perfor-
mance requirements of representative application systems. Key error sources should be controlled at the stages of vapor-

cell design, fabrication, and evaluation. By establishing the underlying physical correlations between manufacturing pa-
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rameters and device performance, atomic vapor cells can be advanced toward standardized devices with reproducible per-

formance, predictable service lifetimes, and compatibility with large-scale production.
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i+ 10 mK YR (20 ) FRE R, 6 Jm B AR
PEHUIMAA R 05| A RO BESME /N T 15 (T /VHz.

e PERE SR LAY FI AR . S Bl BE P A RRE
WAL H AT E A, T S I
AT RSN | LR T T

5 |ESKERE

WAL T /4% A e vERE 5 L E N AUE
21 3 A U R P RN 2 e e M LA OG . IR
PR TE . XFHLRE . (R0 ) 32 22 vh SR o 5 1
Fods, KIRGE R br (BURIER . 2. &
) 32 R 2R S S B R R M, IR
MRS AR A B 5t ORI, AL IR IR 2
e AYE AR T 2 . FABEVLIEE (Angular Ran-
dom Walk, ARW ).
51 ZHSEaZzcERERE

2% W AR T A K 84 ) T is B A
S XA 1] BB, A R AR 4 Knudsen 2K,
(K, =B,/ NE TV AR, R ERIER
S, K, < VI, §TRGERUSSE, 75 R
Bl A AR B AT, AR T I ] S

VPR G I SR T AU Z2 R R R . B it p
Al BE T TS, HS I AR R LI < p) 5
JEJ1H R Av(Av o p)25 0 X CPTTH , TR )
Vi 5 CPT 4 58 FI s TR A AR I s G2 AR A
Jy A 5 B A R (I CPT i 2R &R
B D) BEA; NMRG H, AFEEHSIAFALER
Xof % th A SR CRTIRE FE Ay el AN T, 5 4 il Ak
DA R AR SR 280 22 e g R >, SR AR Y
Bl 4% PR AR AR HE T IR E N 7 %8 . BE
TE 3ty TR ORI 0 P 48 e o, Al 4 R B IR T R
LY Se PR UERC L T 552 1 I R AP R e

2% PSR AR O R AR AN TR 37 5 b 2 30
2 R e g, SR TRM B AR S LKA T
FEHEVTIC A B, CEARFR N FPERERT K™
52 ZERNANSEIRZBRSRN

XFT A SRR, AR AR Hs R DA 4% B
PETHEMR L, [R]IR A 2 2k v R 2 F e U il 4 |
T 37 b i St TR 5 DG s S50 D SE B9 R o Karabi-
naoglu M S SN, He fy278.8 Torr, N, N

19.4 Torr, MIF100 °C. 5 mW BOEEMT, Cell-lI
SCELA. 21 pT SR PTG, R85 TR
JE RO 5 B O A e T AR, RS T
P 55 P BRI R 0 B A B R 0

XFF B, SR TR H AR R B IR -0
SR N7 T %) T S T A, ik 2%
P AARFR 2 FIAC LE - H IR B R 40 (Zero Tempera-
ture Coefficient, ZTC) &1, #1 Ar-N, IR & S AKTE
64 ‘CHHIT i — B i R AN T2 Em A
PR IR e AT, nT B 1k 4 JE A AL A
WAy, XTI CSAC B AL g+

X CREE, SR TR B AR N LLZE A
(Chn N, 2 B8 42 S st O TR TR AR, U
e AR (A1 °He BY X e ) 1 Ay 5230 8 BRI (14 4% L
TAEA RS SR TREARUE s it 8] 7, if
W AZBRY W, ARSI R I R ARG
FIARGHE, ik B AR AR IMART Y 528
WA 1 AR TR A7 2 04 K A T B[R] 5 R e AR
KFRe T
53 KHEBMNZOIESHS

AR AR R PR AR AR i (R
243 ) BRI R R

SR BE R E KR E 0 B Z RS N,
He. Ne 255 1A 2212 %8 11 BSG % [, Abdullah S
45 NHAL T Ne 78 81 “C4414F F i i BSG B 1B H
B, BEARFHCAEETILI-0.9 wbar/d T
B, DA RRe e B BRI AE 5 x 107 KF . B &
187 0 AR ALO, B %5 3 B T A7 ZL B AR5 3B
Carlé CAE NP RGN & T AR RN He B
BEHHK, BSGIIK=(5.5£0.7) x 10" m>s"+Pa™',
XI5 B A H K r = (79 +6) d; ASGHUK = (1.4
+0.2) X 10 m*s"Pa”', 7#EKFEZ30500d. /&
SLAFGE R, BSG K L ALOIR)Z T LK He B
B BEAR R SR 1Y 1/130, X Tf I ASG 9<%,
H He 1535 % 4 BSG L ZE 19 1/450,  ALO, TR JZ2 Wi
— AN BB BRI T S A%, ff He 1B 15 R A
B BSGIRUEE FEAR T =B L |

PR Ak 27 B R 55 4 TR (AN 42 8 5 H,0 .
0, ) U SARBL AT, B AR SN oLy, B
i LR R A A IS Z R E T, BERR(E
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T {5 W W A5 00 A8 S8 OO L A5 2 B AR B
AT g A Tl PR AR 8 PR AR L T TR
KEME M, DOCER R HEE (22,5 %
102 mbar-L /) N5 REER T TB, HET A
BT ARCHE G55 0 2 1k S 56 R FE AR A
AT A W TAE A
6.2 TH [ A AR EREIEM

SEWMAIERIEG, FHIEEA Biras 42
¥, DARGEARbR AR AT 0 v E .

XFF AR, LA R [ T AR
RRE PE N D VE M T b, ATTE B0 I B
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