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Fig. 1. Three-port fiber-coupled vapor cell probe.
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Fig. 2. Three-port fiber-coupled vapor cell probe measurement experiment: (a) Schematic block diagram of the system; (b) experi-

ment scenario.

170702-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 17 (2022) 170702

Yyt s L AR S I R, Ap RARAIR
e AR S AR I R E DR T e AR L
BRI

3.1 EIT-AT {tiEm=

iid EIT-AT Sl FBll B ARG | (55
P L S5 I, A B LB BT A 4T
AEZLS X BESUAR AT 7= AR AR, TR
FIPEIT, BAEA R T A RBP4, 16 EIT 3% L
KIN AT 2R WA BT, AT 73 2050 505
Af 5T BIRL LA E L. e i i R
il

Bl = o Af, 2)
HMw

Hop, Af & AT 4328508 S B E, 7 obS B
T, pane MIRIERBE, 7T RAFIH IR ARC T
HA TR ),

R4 (2) 20, 25 (] e s B BRIS (R g (19
1 VPG 3)
V2mceg R
Hrp, e REAEPIPGHE; e 72 A B2 A HL G
R AR 2 01w B i 5 ROE OB AR R
P FRARLIE SR, GFRR KL, F
S ETFAE NGRS AP B 1718,

T RGBT R = OGRS R
FAREHR AT A B, Bk B A R HAH
XA HLH BN 3.7 I i Rk B R H 3R N
1V /m. o J7 A B A 2 R PR = Rk,
FEJR A PR BT TE B 42 oo B F R
EEEIZ M 0 . 20 [ Hh ZS R FE R, 7 T
VR fo = 9.945 GHz 4b, 18] 3(a) Fiis HIR T
= N JE T AR BT AE yoz Y- I 1Y) R Y7558 B 43 A 1R ;
FE 3(b) BT A B 37 Ak v S5 5 Bt 4313 119 A8 Ak
2. MR f i B ELH 0.62 V/m 5 H F 45 [
PSS H IR 1 V/m X, s T F =
0.62.

= A R R ER LW EIT-AT St
T AN 4 iR, Ac R E e R
JE R, 23 () JCI A I, BIT YeigF 58 B 24
6 MHz, 0T 304 U G #8465 T 53k
() EIT 632 96 B 11 MH2Z0. 30 £ A4 98 30k %
(1) HL 358 15 | By o |BF, PRSP 5 VR AR ML fip =
9.945 GHz WLl (5%, Wl R A5 Z IR T3¢

|E0| =F

PR ; 155 T W FL 3 3R B | By |, T80
KEAES R fuq = 9.9451 GHz WEL S
Z, R S IRAL TOCHTRAS. il R (RS
PR G T IR, BOE TR E A L R,
BOE RIS (E| Byl = 0.2, 0.5 V/m, |Eo| =
1.0, 1.5 V/m, D345 5 3R B0, v 375 B ik 1
AP N (EED S

2.0
& 1.8
1 1.6
= 1.4 7
g 1.2 IE
& 1.0 5
\ 0.8 <
0.6
0.4
0.2
s 0
(b) 1
T 1ol
g
>
~
B
B
R
gi
0.2 - . .
8 9 10 11 12
/ﬁ%/GHZ

K3 T RENMRGATTRESER  (a) fio =9.945 GHz,
yoz YT HL S5 20 A1 ; (b) B T J3E BEUATR 1) A2 A

Fig. 3. Simulated results of the electric field distribution in-
side the vapor cell: (a) Electric field intensity distribution in
the yoz plane at fio = 9.945 GHz; (b) the electric field in-
tensity with variable frequency.
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form at fio = 9.945 GHz, fgq = 9.9451 GHz, |Eo| =
1.5 V/m.
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Fig. 8. Simulated results of spatial response of vapor cell: Electric field intensity with variable incident angle for the (a) cubic and

(b) cylindrical vapor cell; (c) spatial response flatness with variable frequency.
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Development of three-port fiber-coupled vapor cell probe and
its application in microwave digital communication’
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Liu Yi  An Qiang Fu Yun-Qif
(College of Electronic Science, National University of Defense Technology, Changsha 410073, China)
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Abstract

The quantum microwave measurement technology based on Rydberg atoms has developed rapidly and
received widespread attention. It has shown significant advantages such as probe size independent of
wavelength and broad spectrum measurement. Fiber-coupled vapor cell probe is one of the key technologies for
portable quantum microwave measurement systems. The existing two-port fiber-coupled probe shares the
graded index (GRIN) lens and optical fibers for outputting detection light with inputting coupling light, which
limits light transmission efficiency of the detection light to 17%. Under these conditions, the power of the
inputting detection light must be increased to ensure sufficient power to output the detection light, causing the
electromagnetically-induced transparency (EIT) spectrum to broaden to 11 MHz, ultimately resulting in
reduced measurement sensitivity. In this work, we propose a three-port fiber-coupled atomic gas chamber probe
with an integrated dichroic mirror. On condition that the detection light and coupling light are transmitted in
opposite directions and overlap in the vapor cell, the outgoing detection light is separated into two beams; one
goes to an individual GRIN lens and the other to the output fiber, and the detection light transmission
efficiency is 40.4%, and the half-height width of the EIT spectrum is reduced to 6 MHz. The probe is used to
measure the microwave electric field intensity and phase; its effectiveness is verified by its ability to receive
QPSK, 16QAM digitally modulated signals.

Keywords: Rydberg atom, vapor cell, fiber, communication
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