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C|°�>|ÍÜU�´�«#.�áål!p�Ã�Ï&U�, §´¢Zúiåí�Cålp�Ã�Ï&
Eâ ——TransferjetTM �ó�U�. ¦^pª(��[ì^�, é�«;.�C|°�>|ÍÜU�?1
ëêz
�(��O; ÏL�ý�[, ©Ûá�����Ú�°, ±9ÍÜ>4�¡ÈéU�¥%ªÇÚó��°�K�; ©
Û
U�m�ålÚY�, ±9ÍÜ>4�¡È, éU�DÑ�ÑÚ5U�K�. �O
��÷v TransferjetTM E
â�I��º�U�, �Ñ
5U�ý(J.

'�c: U�, C|, >|ÍÜ, O�Å�[

PACS: 84.40.Ba, 31.30.jp, 41.20.Jb, 87.15.A–

1 Ú ó

C|°�>|ÍÜU�´�«#.�Ã�Ï
&U�, §3Cålp���Ï&�¡äk�~
2,�A^cµ. §d¢Zúi�kJÑ [1], ¿
��
Ä�{I;| [2] Ú¥I;| [3], d��'
�ïÄ����?u$NG�. ¢Zúi®²é
ÜA�[>fè�, |¤
Eâé�, ¿òÙ·¶
� TransferjetTM Eâ [4].

ã 1 �Ñ¦^T«U�� TransferjetTM Eâ
3ó�ål!DÑ�ÝÚ¦^B$5þ��«~
�Ã�Ï&Eâ�'�, þLyÑ�~`É�Eâ
�IÚ5U. oN5`, TransferjetTM Eâò��
°Ã�Ï& [5] (ultra-wide band, UWB) ��pDÑ
�ÇÚC|Ï&Eâ [6] (near field communication,

NFC) �B$5kÅ(Ü3�å, �pêâDÑ�
Ç�� 560 Mbps, k�DÑ�Ç� 375 Mbps[4], ´

8c¤kÃ�Ï&Eâ¥�p�; §k�~C�ó
�ål, 3A�f�±S; §�k�~$�DÑõ
Ñ, u�õÇ3 −70 dBm/MHz ±e.

du¦^aA>|, Ù3±�0��;Uþ

Ø´�	Ë�Uþ, �k�,��U��C�, â
¬u)Uþ�D4 [4]. lùü��¡5w, d«U
�õÑ$, ;�é<N�>^Ë�; Ó�, U��)
�ÍÜ>|´�4z�, Ïd�ü�U�Ï&�,

�~N´¢yë�, Ø¬Ï��Ý�ØÓ¦&Òr
Ýu)ì�Cz; ù�¦�U�ÂuXÚ�Ä��
�ÂÄ´u�O.

AOI��Ñ�´, duTU�|^C|>|
ÍÜ?1&E�D4, 
C|>|�P~�ål�
�g�¤�', Ïd§�&ÒP~�~¯, 3Ôn
ålþ�y
&ED4�S�; �Ø¬é±�Ù¦
Ã�Ï&��E¤K�, ØÉF�!î³!{I!
¸I�Ù¦I[éªÌ]
�î�+�, �±��
/ÿÐÙA^�+�; Ò�3��/¥þ½I[S

* �EÜ1ÔÏ¥I-#\·éÜïÄOy (1OÒ: 2011DFA51450) ÚI[g,�ÆÄ7 (1OÒ: 11074010) ]Ï��K.

† E-mail: xusy@pku.edu.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

208401-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 208401

©�ªÌ]
, |^TU��±3���~��Ô
n�mS, �âI�?¿©��A�ªÌ]
, ¢
y “3�­.¥PkªÌ�7¶”.

TransferjetTM Eâ3A^�¡, Äk�±^u

�«Ã�£Äªà, 3ÃÅ!�Å!DV!MP3 �
ªà�m?1êâ�p�ÇCålÃ�pD, �ª
��*Ð�p�>À!>M!�<Å��½ªà
��� [4].

ã 1 TransferjetTM Eâ�Ù¦Ã�Ï&Eâ�'� [4]

2 U��n

U���O3 TransferjetTM Eâ�¥ÓâX
�~­��/ . DÚ�U�ó�u�| [7]: 3ó
�ål���u&ÒÅ��, U��w¤��>ó
4f [8,9]. 4�IXe, Ù|L�ªXe [10]:

ER =
pe−jkR

2πε
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R3
+

jk
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)
cos θ, (1)

Eθ =
pe−jkR

4πε

(
1

R3
+

jk
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− k2

R

)
sin θ, (2)

HΦ =
jωpe−jkR

4π

(
1

R3
+

jk
R

)
sin θ, (3)

Ù¥, R L«ål, k L«Å¥þ, p L«>ó4f
�Äþ, ω L«ªÇ. 3ål���uó�Å���
ÿ, p�|©þ ER ���u Eθ, HΦ, �±�Ñ ER


��eî�|©þ. 
3î�|©þ Eθ, HΦ �
L�¥, q�±�Ñ� R ��g�Úng�¤�'
�þ, @oL�¥Ò��e�ål��g�¤�'
�þ. Ïd, �|ó��U�, Ù&ÒrÝ�ål�
g�¤�'.

C|°�>|ÍÜU��DÚU�ØÓ, §v
k|^Ë�|©þó�, 
´|^3U�ó�Å�
�C±�«��aA|ó�, aA|±±��m>

^;U/ª�3. C|°�>|ÍÜU�Ò´¦^
>|p�©þ ER ¥� R ²�¤�'�aA|ó
�, = jk/R2 ©þ. lUþ��Ý, §´¦^±�>
^;U?1&Ò�DÑ, Ïd, U��O���­
:Ò´XÛk�/³��|Ë�, OrC|>^;
U.

3 U � ( � ë ê 9 p ª ( � � [
ì (HFSS) ^��ý

ã 2 ´�«C|°�>|ÍÜU��(�«
¿ã [1]. <M>´��þL¡´���, eL¡�
ë�/, 3����"àÏLÏ��/�ë, �¤
á´á��; �&ÒÅ��u 2 �á���Ý�,

¬3á��þ/¤7Å, �¤����ü�; 3á
���¥%?�Ì��.

�7á���à�á��¥%�ë, ,�à�
�7á�¡�¥%�ë, T7á�¡K�¤U��
ÍÜ>4. Ï�á���¥%?�Ì��, ë�3
¥%?�O\>6�"\. pª>6¬3ÍÜ>4
þ/¤>Ö�à8�*Ñ$Ä, 3b�ë�/��
�Ã¡�7á�N²¡�, �âº��n, TÍÜ
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>4�±��¤��ó4f.

ã 2 �«C|°�>|ÍÜU�(� [1]

Xã 3 ¤«, á����OØ´��/ª, 

´ò�/ª, ù��±ü$�Oº�. Ó�3d«
�¹e, þe��>6r��¥%Ü©fÐ��,

��±k�/-��|Ë�.

WF

LF

Ls


.

W
s

.Ws

 Ws

Ws

.WF

.WF

.WF

ã 3 á���(�9Ùëê

·�¦^ HFSS[11] ?1TU���[�ý.

�áæ^ FR4 0��, �¡CÔ��ë�/. �
½ FR4 ��0>A5ÚþÝ, Ù0>~ê� 4.4, �
Ñ���� 0.02, þÝ� 1 mm. Xã 3 ¤«, FR4

���Ý� LF, °Ý� WF; þL¡á��7á�
^�Ý� Ls, °Ý� Ws, ±¥%��ÝO�, �^
�Ý÷vXe'Xª:

Ws = 2LF + 0.7WF − 4Ws. (4)

Xã 4 ¤«, �
O�U�m�ÍÜ, �[¥
¦^ü��Óëê�U�, üU��ÍÜ>4�é,

Ùmå� d. ÍÜ>4��Ý� Lc, °Ý� Wc, Ù

¥%ÏL7á��á���¥%�ë, �0���
ål� h.

ã 4 ÍÜ>4�º�ÚÍÜ>4ål0>��pÝ, ±9ü
U�m�é �Úmå«¿ã

�½: FR4 ���Ý�°Ý��, LF = WF =

10 mm; ÍÜ>4��ÝÚ°Ý��, Lc = Wc =

7 mm; ÍÜ>4� FR4 ��ål h = 2 mm, á
���°Ý� Ws = 2 mm; üÍÜ>4m�ål
� d = 4 mm; òÙ��IO�(�ëê. 3e¡�
�[L§¥, ÏLN!��(�ëê�½Ù¦(�
ëê��ª5¼�XÚ� S ëê, L�U����
5UÚU�m�DÑ�Ñ.

4 ( � ë ê é U � ¥ % ª Ç Ú �
°K�

4.1 ááá������������

3 HFSS ^�¥, ·�¦^ëêz�(��O;

á����Ý�0>��º�÷v (4) ª, ÏL�
N0>��º� LF, ?
UCá����� Ls, ¼
��[(J, Xã 5 ¤«. á���ÝO\�, ¥%
ªÇü$, �°�úC°, ¥%ªÇ?���Xê
��úO\.

XL 1 ¤«, O�
á�����¥%ªÇ
�¦È, uyÄ��±3��~ê, §��²þ
� (119.20) � �3 ± 2.5%±S, `²U��¥%
ªÇ�á����¤�''X.

4.2 ááá���������°°°

ã 6 �Ñ
á���°éU�5U�K�. �
±wÑ, á���°ÝéU��¥%ªÇÚ�°k
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�~��K�, �~¯a. �á��°Ýd 2.5 mm

C� 2 mm �, 0.5 mm �°Cz¦�¥%ªÇUC
� 500 MHz; 2 mm � 1.5 mm �CzK��, ¥%
ªÇUC�L 1 GHz. á���°, Ù¥%ªÇ�
p!�°�Ä. lU�nØ�Ý½5©Û, á��
C°, ¬¦�U�{|¬C�, "\�>6¬O�,

?
��¬�Ïf,p, �°CÄ [1].

L 1 á�����¥%ªÇ�¦È

á����/mm ªÇ/GHz �� × ªÇ

17.8 6.55 116.59

18.4 6.43 118.31

19.0 6.27 119.13

19.6 6.13 120.15

20.2 6.03 121.81

ã 5 3ØÓá���ÝeU����Xê

ã 6 ØÓá���°eU����Xê

4.3 ÍÍÍÜÜÜ>>>444pppÝÝÝ

ÍÜ>4pÝ�$, Ùé�|Ë��³���,

Ë�UþÑÑ�� [2]. ã 7 �Ñ
ÍÜ>4�pÝ

éU�5U�K�. Óá���°ëê��, §�
¬Ó�K�U��¥%ªÇÚ�°. �l­�ª³

ó, �X¥%ªÇ�O\, U���°´O\�.

ù�á���°�K�A�²wØÓ, á���¹
e´¥%ªÇO\�°~�.

ã 7 ØÓÍÜ>4pÝeU����Xê

5 ( � ë ê é U � D Ñ � Ñ Ú 5
UK�

5.1 UUU���mmmååålll

ã 8 �Ñ
üU�3ØÓåle�DÑ�Ñ,

�±uy, �Xål�O\, ÙDÑ�ÑO\, &Ò
��°�¬Åìü$, �&Ò�¥%ªÇÄ��±
ØC. d 2 mm � 12 mm må, Ù�°�d 1.5 GHz

C� 0.8 GHz, ü$�C 50%, ¥%ªÇd 6.2 GHz

C� 6.3 GHz, ,p� 1.5%.

± 6.2 GHz ¥%ªÇ�ë�&Ò:, ã 8(b) �
Ñ
DÑ�Ñ�ål�m�'X, �5[Ü��Ç
� –1.94, �~�C –2, 3DÑ�Ñü � dB ��
¹e, `²DÑ�Ñ�ål� 2 g�¤�''X,

ù��|U�¥ÍÜ&ÒrÝ� 1 g�ål¤�
''X²wØÓ, <y
TU�¦^C|aA|�
ó��ª.

5.2 ÍÍÍÜÜÜ>>>444¡¡¡ÈÈÈ

TU�Ì�ÏL>|ÍÜ?1&Ò�DÑ, a
q²1�>N, ÍÜ>4XÓ²1>N�. ²1�
�¡È��, >|Ïþ��, DÑ&Ò�rÝ�Ò
��. ©O�½ÍÜ>4�¡È� 5, 6 Ú 7 mm >
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����/, ã 9 �Ñ
ØÓÍÜ>4º�eU�
�DÑ�Ñ. �±uyÍÜ>4�¡È��, DÑ
�Ñ��, ù�þ©�b�ín3½5þ��. Í
Ü>4¡È�UCéó��°�K���.

ã 8 (a) Ø Ó Í Ü > 4 m å e � D Ñ � Ñ; (b) ¥ % ª
Ç 6.2 GHz ?ØÓÍÜ>4måe�DÑ�Ñ9�5[Ü

ã 9 ØÓÍÜ>4º�e�DÑ�Ñ

5.3 UUU���mmm���ÝÝÝ

C|°�>|ÍÜU��,��âÑA:´
§��4zA5. Xã 4 ¥¤«, ·�±.ÜU�
�ë�/²¡� X-Y ²¡, ±ë�ÍÜ>4Úë

�/�7á���� Z ¶��, ÷ Y ¶^=þÜ
�U�, ©O^= 15◦, 30◦, 45◦, ¼�U�m�DÑ
�Ñ� 0◦ �ÿ(J?1'�, Xã 10 ¤«.

uy3 0◦—30◦ ��S =, DÑ�Ñü$�
�, 3 1.5 dB �m, 
3 30◦—45◦ ��SKk 3 dB

�m�DÑ�Ñ. éu 30◦—45◦ ��S�Ñ��,

·�íÿÌ��Ï´L���Ý =, ¦�ÍÜ>
4mmåCzé�, ?
Ï�ÍÜ>4mmå²w
O�E¤DÑ�Ñ\�.

ã 10 üU�3ØÓ =�Ýe�DÑ�Ñ

ã 11 `z�O�U�5U (a) 4 mm måeU��DÑ�
Ñ, BW L«�°, CF L«¥%ó�ªÇ; (b) 3ØÓåle�D
Ñ�Ñ
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6 ÷v TransferjetTM Eâ�I�U�
�O

(Üy�C|°�>|ÍÜÏ&Eâ��
I, ·�ÏLëê`z�O
��U�. FR4 0�
��º�� 12.5 mm×12.5 mm, ¥%�á���
°� 2 mm, �Ý� 25.75 mm. ÍÜ>4���
� 7 mm×7 mm, ÍÜ>4�pÝ� 1 mm.

Xã 11(a) ¤«§Ù¥%ªÇ�� 4.48 GHz,

3 dB �°� 1.2 GHz �m, ÷v TransferjetTM E
â 4.48 GHz ¥%ªÇÚ�� 1 GHz �°�¦.

ã 11(b) w«üU��éål� 16 mm ��ÿ,

DÑ�Ñ�� –30 dB, [ÜuyDÑ�Ñ÷v
3 15 mm ?�u –21 dB ��I�¦.

7 ( Ø

ÏL�©�ëê�[�±uy, duTU��
(�ëê�õ, 
�ó�uC|�ª��ÉU�m
 �ëê�K���, Ïd��~O(Ú½þ/ï
ÄU��(�Ú �ëêéU�5UÚDÑ�Ñ
�K��I���\�\�ó�. �´ÏL�X�
��[ó�, ·��´uy
�
'�k¿Â�C

zA�. Äk, ÍÜ¡måléU�DÑ�Ñ�K
�wÍ, �XÍÜ¡mål�O\, DÑ�Ñ�å
l�²�¤�''X, ål�UCéU��¥%ª
ÇK�é�, éó��°k�½K�; 1�, üU�
3��Ý =e, §��m�DÑ�ÑØ¬u)�
�UC, lý¡`²TU���4zA5, � =
�ÝAO��, �,DÑ�Ñk�~²w�O\,

�´éU���°�K���; 1n, O\ÍÜ¡
�¡È�±'�k�/ü$DÑ�Ñ, �Ó��¬
éU�¥%ªÇE¤��K�, éU���°K�
��; 1o, á�����Ì�K�U��ó�ª
Ç, é�°K���; 1Ê, á����°ÚÍÜ¡
�pÝÑ¬�~wÍ/K�U��¥%ªÇÚ�
°, �´§�´�é�pÖ�N, á���°O�
¬¦�¥%ªÇO\�Ó��°~�, ÍÜ¡pÝ
ü$¬¦�¥%ªÇO\�°O�, ù�üönÜ
`zKk�U3O\¥%ªÇ�Ó��±�°Ø
C.

��, �O
��Ä�÷v TransferjetTM Eâ
�I�U�, ?1
5U�ý. (���.zÚ5
U`z�I��\�\�ó�. ÏL(�ëê��
ý, é�
�
(�ëêé5UK��Cz5Æ,

ùéU���ýÚ`zäk�½���¿Â.
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High frequence structure simulator simulation and
performance analysis for nearfield and wide band

electric coupling antenna∗

Yang Yong1) Sun Wei-Qiang1) Zhuang Qian-Wei1) Feng Tao1)

Xu Sheng-Yong1)† Xie Si-Shen2)

1) ( School of Electrical Engineering and Computer Science, Peking University, Beijing 100871, China )

2) ( Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China )

( Received 16 April 2012; revised manuscript received 24 April 2012 )

Abstract

Electric field coupling antenna is a new type of antenna that can be used in high speed wireless communication at a very short

distance. It is the working antenna for TransferjetTM technology promoted by Sony Corporation. In this paper, we use the high

frequency structure simulator to design a typical antenna of this kind with parametric structures. We analyze the influences of the

length (Ls) and width (Ws) of the short stub, the height (H) of coupling electrode on the performance of the antenna corresponding to

the centre frequency and bandwidth. We also analyze the effects of the distance (d) and angle (θ) between two antennas and the size of

coupling electrode (Lc) on transmission loss. Finally, we design an antenna satisfying the technology standards of TransferjetTM, thus

demonstrate its working performance.

Keywords: antenna, near field, electrical coupling, computer simulation
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