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Hideyuki Nebiya
AMPLET Communication Lab.

Antenna Design for RFID Tag

1. History of RFID

2. How does RFID work ?

3. How to determine Antenna Impedance at RFID Tag ? 

4. Antenna Design for RFID Tag

Dr. Nebiya’s RFID Books
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1. How does RFID work ?
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RFID using Radar Technology

When I moved to Hitachi from 
Nissan, I considered efficiency 
of Manufacturing Lineｓ using 
Radar Technology. Then I 
invented RFID in 1984.

RFID　Tag

Reader
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Typical Block Diagram of RFID Tag

RF Switch
Memory

Controller

Rectifier MemoryAntenna

ＲＦＩＤ Chip
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Reflection on Transmission Line
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Passive ASK RFID

RANT
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Passive PSK RFID
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RF Switch

Switch ON　　　　　　　　　　　　　Switch OFF
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2. How to determine 
Antenna Impedance at RFID Tag ? 
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In Case of ASK-RFID Tag
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In Case of ASK-RFID Tag
Smithcart normalized for RANT

In Case of ASK-RFID Tag
　→　RANT ＝ Roff

Circle of 
Reflection CoefficientΓ

Γ
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Roff

Ron

Roff

Ideal ASK-RFID
Ron ＝ 0Ω
Roff ＝ RANT

Actual ASK-RFID
Ron ＝Several Ω
Roff ＝ RANT
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In Case of ASK-RFID Tag
　→　RANT ＝ Roff

Ideal ASK-RFID
Ron ＝ 0Ω
Roff ＝ RANT

Actual ASK-RFID
Ron ＝Several Ω
Roff ＝ RANT
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In Case of ASK-RFID Tag
Smithcart normalized for RANT
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In Case of PSK-RFID Tag
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Γ
Ron

Roff

Ron

Roff

Real PSK-RFID
Ron ＝ 0Ω
Roff ＝ ∞Ω

Actual PSK-RFID
Ron ＝Several Ω
Roff ＝ Several Hundreds Ω

RANT

0π
π

0

Circle of 
Reflection CoefficientΓ

In Case of PSK-RFID Tag
→　RANT ＝ Ron X Roff

In Case of PSK-RFID Tag
Smithcart normalized for RANT
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In Case of　RANT ＝　 Ron × Roff In Case of　RANT ≠　 Ron × Roff
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In Case of PSK-RFID Tag
Smithcart normalized for RANT
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3. Antenna Design for RFID Tag
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1. As an　RFID Chip is too small, it is 
difficult to mount an impedance 
matching circuit on RFID wafer.

2.　As an　RFID Chip is too cheap, it is 
difficult to mount an impedance 
matching circuit because of price 
wise reason.

Rc

－ｊX

Equivalent Circuit of
Passive RFID Chip

Impedance Matching between Antenna and RFID Chip
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Current Distribution 
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λ：Wave Length

Current Distribution 

292Ω

Resonant

Current Distribution 

146Ω

Resonant



11

Private & ConfidentialPrivate & Confidential 2121Feb. 23, 2017

Antenna Impedance
Za＝Ra

Antenna Impedance
Za＝Ra＋ｊX

Ra

＋ｊＸ / 2
Inductive

Antenna Design for RFID Tag

Length of Antenna Element ＝ λ/2 

＋ｊＸ / 2
Inductive

Length of Antenna Element ＞ λ/2 

Ra

＋ｊＸ
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Impedance of RFID Chip
Zｃ＝Rc－jX

Rc

－ｊX

Impedance of Antenna
Za＝Ra＋ｊX

＋ｊX Ra

RcRa

+jX －jX

RFID Chip

Antenna Design for RFID Tag

Antenna

Length of Antenna Element ＞ λ/2 

Cancelled In case of our 
Developed RFID　Chip
Rｃ＝250 ～ 300 Ω

Current Distribution 

Ra ＝ 292Ω
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Current Distribution 

Miniaturization Technique (Linear Loading)

Expansion Antenna

Current Distribution for Radiation on Linear Loading Antenna
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3D Miniaturization of Antenna

(This article was reprinted from Text Book of Small Antenna Seminar by Dr. Jong-Myung Woo, CNU)
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RFID Application using 3D Small Antenna

(This article was reprinted from Text Book of Small Antenna Seminar by Dr. Jong-Myung Woo, CNU)
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4. RFID System developed by AMPLET
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Our Proposed RFID Tag

Private & ConfidentialPrivate & Confidential 2828Feb. 23, 2017

Our Proposed RFID Tag

As Antenna Design Approach is much different between 
Antenna for Communication (Refrection RF) and Rectenna 
(Input RF), we determine to put separate two Antennas. 
Then we achieved to develop a long range RFID Tag.

RF Switch
Memory

Controller

Rectifier Memory

Antenna for
Communication

ＲＦＩＤ Chip

Antenna
(Rectenna)

RF Switch
Memory

Controller

Rectifier MemoryAntenna

ＲＦＩＤ Chip

Our Proposed RFID Tag Other Companies’ RFID Tag
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Our Economical RFID Reader
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Everybody wants to have our Economical RFID Reader !
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Thank you for your attention.


