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RFID Technology T Introduction

FREQUENCY RANGE APPLICATIONS

RFID ROIN

R F.B

Low-frequency up to 80mm Pet and ranch animal identification; car

| [ | 125 - 148 KHz keylocks; factory data collection
‘ ) (High Frequency) (Ultra-High Frequency) m
(Low Freauency) High-frequency to 1 metre Library book identification; smart cards; NFC;
13.56 MHz P transit tickets
NFC ST Readers + Tags
Ultra-high frequency (UHF) up to 100 metres ) ; ) i . .
433 MHz (with active tags) Container identification with active tags
| inductive | radiative
e N
Ultra-high frequency (UHF) ub to 15 metres Supply chain tracking: item identification;
frequency (Hz) 1G 860 - 930 MHz RAIN apparel; healthcare;
_ LF | MF  HF  VHF | UHF \\ i ST Readers Only
wavelength (m) ; 0.03

1 —5 ' m + Microwave: ub to 2 metres Highway toll collection;
common RFID 125/134 13.56 860-960 2.4 2.45 - 5.8 GHz P vehicle fleet identification

bands KHz MHz MHz GHz
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Wireless technologies compared

Feature NFC RAIN/UHF BTLE Wifi ZigBee
Base station cost $$ $35$ $$$ $3$ $$$
Receiver cost $$ o $$% $$% $$%
Passive receiver Yes Yes No No No
Power consumption receiver ;gsim ;gsim 15mA >100mA 15mA
Multipoint connection No Yes No Yes Yes
No user setup required Yes Yes No No No
Typical number of receivers 1~5 1~1000 ~7 1~1000 32
Typical range 0.1m 1-10m 1-10m 1-100m 1-300m
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RAIN RFID system

UHF Taa

UHF Tac

UHF Ta UHF Ta-
9 UHF ..y pmmm UHF Tag
Energy harvest UHF Ter UHF Tag
Sensor interfaces B M- Tan
Data exchange et S
Light
UHF P messssall UHF Tag
X UHF T
Reader « 5-10m for a AdeskEzophu UHEC UHF Tan
1-2mfor a phone dongle Date | '~y mm UHF Tag

Name UHF Ter UHF Tag
s UHF Tag

Localizations
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Rain RFID Technology T Readers

A All readers share basic functionality: A Can be Portable or Fixed Install

A Read from tags A May be certified for a single country or

A Write to tags may carry multiple radio certifications
A Some may have additional features:
A Tag localization

lﬁ;m:” Cnn;;:: : i:urope:“ Middle East: el

. - 928\ 862 - 870 MHz (869 MHz) Potential for A g eerrs

A Multi-protocol support R

A Dense reader mode R .
. \ ™ e : I s 2 M«*', 7 3 ¥ allocated to mobile

A Proprietary tag commands: 2 PVt MG Y. ccommoncaions

A read a sensor

Pacific Rim:

Singapore 862 — 8§70 MHzx
Hiy

. . Mexlco: Wi 2 lalwan 922-928MHABAR)
A activate a switch or actuator ‘Typlcally 915MHz, Case by =W
case basls “
Northern Africa: % <
South America: 862 - 570 MHzx Australia: New Zealand:
Undefined but 915 is typically (869 MHz) 918MHz Typically 862 - 928 MHz with FCC

accepled Southern Africa: permit FCC pawer levels

915MHz Typleally permit FCC approved devices
, l approved devices
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UHF Reader Price

price drop

from multiple
10k$ to 2k$

UHF Portals

UHF Reader sold/y

Future UHF market trend

Market
requests cheap
UHF readers
for Logistics
and IOT

UHF Handheld

UHF Mobile

First UHF

dongle for

phone for
200%

UHF
integration
in phone
for 400%
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ST25RU3993 Markets and Use Cases

Automation

Manufacturing optimization
Item level tracking

%4
InteIIigentSensing
Smart Appliance
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Automated Inventory Control

Security/ Loss Prevention

|
A 4 » L 4 X -
¥ & Jui 1
/ " o
= | | g |
/ o b N i
’ k )% WS
W | >
) | N
- { (] 44
s ’ ;
£

ltem level tracking
Inventory/Asset managment

Authentication

Tolling
Vehicle tracking

Healthcare

Patient tracking
Assetmanagement
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Rain RFID Applications i Retall

A Retail stores require accurate and real-
time inventory management and return

processing

A RAIN technology provides the best
Inventory management to:
A Increase sales
A Reduce out-of-stock and overstock

A Improve employee and customer
satisfaction.
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Rain RFID Applications i Track & Trace

A Improved efficiency
A Control Loss of Inventory

A Regulators have begun requiring
certain industries to implement T&T

A Consumer & environment protection
A Deter counterfeiting
A Origin & destination in case of recalls

A Example:
A Medical device manufacturers in the USA
A Food Safety Modernization Act (FSMA)
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Autom.
Storage
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ST25RU3993
UHF RFID reader

ST25RU3993 Use cases

Retail, Stationary readers @
UHE EPC Class1 |l ndustrial PDAOs, Authenticat

Reader Gen2 Tablets / Smartphones, Dongles/ Snap Ons, Handheld readers

Portable Data Capture

1SO18000-6¢/b

1.65/5.5V
Key Features

Dense Reader Mode filtering on board
Fixed Single ended Rx input & 0dBm output power

0OdBm or Receive sensitivity of -90dBm
20dBM

Digital output (IRQ) Power consumptiondown to 65mA
Output Internal VCO

Key Benefits

Ideal for mobile applications

ﬂ QFN48 Prolonging battery life & robust against poor antenna
Works in a dense reader environment
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A Integrated Rain RFID Reader

A Integrated analog front end

A Protocol handling system for Gen2

A Internal LDOs for supply noise supr.

A Integrated RF synthesis

A Segmented VCO (16 segments)

A Tunable RF frequency 840 i 960 MHz
A Partially integrated Loop Filter

A 20 MHz external reference options:
A TCXO
A XTAL
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ST25RU3993 - Overview

A Differential TX output options:
A Internal PA (20 dBm) A antenna
A Low Power output (0 dBm) A external PA

A RX Options:
A Single-ended
A Differential

A Integrated RX Filter bank

A SPI Interface (Model)
A Interface voltage levels down to 1.65V

A Debug pins (to monitor R/T
communications

A Supply Voltage 2.7-3.6V

ST Res.iﬁcl:ed1 !



ST25RU3993 1 Architecture 1 Host Interface

SPI ST25RU3993
I/Q Mixer DREM Gain Digitizer
. Filter Amplifiers
A 4-wire SPI Interface (Mode 1), 5 MHz R .
il I = (3| > |> —>_MN—te—>
A EN(able) + IRQ pin & NI ER -
P N — A2 _n
: : <«
A VDD _10 defines logic levels T N
—_— <] f'_;i'\ :/_?\ P
SEtolLs > Q &
Mode pattern (MSE to LSE) 20dBm E ) Eg
Command w‘ Mode ijnhr address  command 1D Mode related data q L Shaping :_:]
M1 Ma X8 X4 *3 x2 X X Analog Front End %
_ I_‘.‘rﬂm:_r'g-'l& [oF mone 4
Write o il a5 | A4 | A3 | Az | M Al mnmmmu} 0 sc_ill E_ltﬂr Protocols & Logic
Data byte (or more & Timing Tx Rx Decoder
Read 0 | 1 | A5 | a4 | A3 | A2 | a1 | AD [byesi System | Framing Bit Framing
of autoinerementing)
Diirect command 1 1] CS C4 C3 c2 c1 co |- H
RFU 1 1 X X X X x X Supply SE”E! 4= Dual 24-
resis (| 109 || anrsen (¥ svarro [<—>
and PLL Parit
References Ghe;l'rc Registers |w——j»|
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Rain RFID Technology T Tags

A Comprised of tag IC and tag antenna
mounted on a substrate

A Typically a paper tag but other form
factors exist

A All tags share a basic feature set

A Options my be implemented:
A Security, File management, User memory
A Battery assist, Sensors

A Tag antennas need to be tuned to the
underlying material
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Rain RFID Technology i Link Budget

UserForm1

A Carrier frequency A...Wave length

Ptx...Conducted reader output power
0.328m 915MH;
I I 2 tmatching...Matching losses of reader (reader to antenna)
4 Gtx/Grx...Isotropic reader antenna gain

— EIRP...Equivalent radiated power
ERP +2.15dB = EIRP | 33.8d8m Dinst; Reader to tag dist
I 36dBm Gpath...Path losses
Pt_indect...Tag incident power
ptag_mi imum tag operating power
larization...Polarization losses between reader & tag antenna
...Isotropic antenna gain
natching...Matching losses of tag(antenna to IC)
Pt_absorbed...Available power for the tag IC
Kbackscatter_gain... Typical value:-10dB
Pt_backscatter...Backscatter strength @tag
. tdecode...Decoding losses
- Preceive—Backscatter strentgh @ reader IC
/ Ti‘- ) 1d8 Preader_sensitivity_limit.. Reader sensitivity

- Tmatch ing \
P 0dBi G l ....................... i I.m.

Forward link 2l Kbackscat‘terﬁgain ---- J(_ﬁppolahzation 8 i
Reverse link | (e.g.: -10dB) B T

|

Gpat h I -51.7dB

Tmatchin J/‘
1d8

-22dBm

G path [ 517d8

6 Tmatch ingil

& : 7| edsi
0d8 Tdecode

P;;ﬂm 17 - = i -31dBm i
ppolarization 3d8

D

- -
Distance[ om

Clear | Calculate
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