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MaxID RM100 RFID reader interface

1. Introduction

The RM100 from MaxID Ltd is a multi-protocol radio frequency identification
(RFID) reader designed to support all electronic product code (EPC)-compliant
UHF RFID tags.

The RM100 is an industrial-class OEM (Original Equipment Manufacturer) reader
that provides all of the RFID control functions required to power and
communicates with passive RFID tags. The RM100 was designed to integrate into
handheld portable data terminals, printers, label applications, mobile computers
and other OEM devices.

It is a high-performance reader that collects, writes, processes and communicates
information from all classes of EPC RFID tags. The RM100 leverages advanced
digital filter technology to deliver superior interference management and are
optimized to read tags in both clean and noisy radio environments.
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2. FCC Statement

This device complies with Part 15 of the FCC Rules. Operation is subject to the
following two conditions:
(1) this device may not cause harmful interference, and
(2) this device must accept any interference received, including interference
that may cause undesired operation.

WARNING !

This equipment has been tested and found to comply with the limits for a Class B
digital device, pursuant to Part 15 of the FCC Rules. These limits are designed to
provide reasonable protection against harmful interference in a residential
installation. This equipment generates, uses and can radiated radio frequency
energy and, if not installed and used in accordance with the instructions, may
cause harmful interference to radio communications. However, there is no
guarantee that interference will not occur in a particular installation If this
equipment does cause harmful interference to radio or television reception, which
can be determined by turning the equipment off and on, the user is encouraged to
try to correct the interference by one or more of the following measures:

* Reorient or relocate the receiving antenna.

* Increase the separation between the equipment and receiver.

» Connect the equipment into an outlet on a circuit different from that to which
the receiver is connected.

» Consult the dealer or an experienced radio/TV technician for help.

Changes or modifications not expressly approved by the party responsible for
compliance could void the user’s authority to operate the equipment.
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3. Limitation of Liability

In no event shall MaxID Ltd. or anyone else involved in the creation, production or
delivery of the accompanying product (including hardware and software) be liable
for any damages whatsoever (including, without limitation, consequential damages
including loss of business profits, business interruption or loss of business
information) arising out of the use of or the results of use of or inability to use such
product, even if MaxID Ltd. has been advised of the possibility of such damages.
Some jurisdictions do not allow the exclusion or limitation of incidental or
consequential damages, so the above limitation or exclusion may not apply to you.
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4. Functional Block diagram

aixen @

o

CF

W

=ag

wesbepyoolg Lipy Qe smL

Xl

01 FFIAL Sesnoy amsopua Jo uauniedwod dojg

J0aHIS

nda

JOCHIS 7 1y
nsd

| THECLA $28n0Y 2n$0[oud Jo juaunediuod wonog

Juaulanduiod papratys J ¥ MO HaYJ Ul pANOO] 21D S U010 IS ]

€ _ 4

120 (oes Woy |

pung aseg

Page 7 of 20

21 September, 2005

Version 0.1

ID1209

Project - RFID




MaxID RM100 RFID reader interface

E
%
~

¥
T

E

w SlEFI v IgyY v e

st

Project - RFID 1D1209 Version 0.1 21 September, 2005 Page 8 of 20



MaxID RM100 RFID reader interface

QBB DAYV - Weibeipooig | vy QIXe ami

OTPPINTE U0 JOW Vd oL

C

faghg

IpPRT M7

[NPON Vd A

OTHFIALTY woy sindut [enuaIdffIq

SAL VDA

2N

MVAA PYINMS

0AE VDA

AN

MV UA POYOIMY

afew yO .1 wioidg g  (9]qIssadoe Josn jou)

UOLRINPOR BIR(]/SUIUOLIPUO)) [RUTIS

(

Lo

] —

o o

g 2

5 =
oav

N
VDdd
ZaN AN

(2]q1$5900® 1981 10U1)

71 Sutwueidorg vod.

&

<

41 Sunuwerdold woadgy

SAT DAV

MVAA PIYIUMS

0A€ DAV

MVUA paydIng

Page 9 of 20

21 September, 2005

Version 0.1

ID1209

Project - RFID




MaxID RM100 RFID reader interface

=

arxepn @

b _ :
e 7 0 e 0 B O SR MO, £ P TR o D D I B R D
s Ll 15 VRUE | W LR o DU
v..u,:...._..,.,.,.”._..,__w F— _ T — P
gy el BN DO R T T T —
Rl ] gt G - weSEroots L LEF OIS e

U] (9]

s gpe

dARMA Yd oL

4 HLNAS

dum-ang gy

N
HTI0S

VIVd
Navd

1THr O ¢

A e

"I

JSOENTOL

OAE HANAS

A Lndidos papiaigs 3 WMo JIIYE UE PIIDI0] A0 spuateduiod asay |

AV LA P

1T o [EurR=IEg

m

Project - RFID

Page 10 of 20

21 September, 2005

Version 0.1

ID1209




MaxID RM100 RFID reader interface

arxepn @

v _ :
e SR T Tt T I T T S R Tt g | T G SR L T R R TR
Lo oed| Py} RS | FdERT Wiy Sanons e
B R Asurg B = e
ity o Enem_ i awny wowme
ELERCRR D] e T e
p ' seiod 4 - WeSemonE LLrF GIEW sl

Auwyaep indmng

TOUINOD d3MOd 44

[av vd _

T 1Ol oy [Ems s

S12) 1 SS10N]

Ao vd

i inding gy

¢

XD 10 WIS Jd/euaauy o1

1+ QI Woy [eweixg

| U.pl_ﬁ—um.um RO UoT
uarm 3 yiig D0 4l

i g

N

Yd

P

NOLLY TICTONW

Auiyepy indug

\._

uonaas qq ul JAMA o7 0L

dmre-arg o

s wal g

—

unssanddng Juowmpy pug

=

[5 3 1] AR10 4]

(@
ks

(papaau J) JOIEnUaN Y=g

one dY

]

JuaLdeioy papiatys 3 Umo A1241 1E papoo] aan sianodied asayf

E

A w MYHA pPatpuIm

11#P QT Woy [ewrxg

Page 11 of 20

21 September, 2005

Version 0.1

ID1209

Project - RFID




MaxID RM100 RFID reader interface

£e=rhng

g

o

Reinks

d

has
a

TPl

7

hm.‘wﬁh,ﬁwxﬁw»n«w\v mﬁwm»w,\w.:& N o w1t} Mwmw\\rw&m R R ITER T AR T

|

&

Page 12 of 20

21 September, 2005

Version 0.1

ID1209

Project - RFID




MaxID RM100 RFID reader interface

¥

B e e L e e L e e e e b e I

arxen @

T _IPE] AR W

00 o A _ S PP DN pngy

W xE

NEdfeoepauw iesn - WeSsmyooE L LIy QIEN il

20y Ndo el

1
CA Ll VA /_ MYUA PHPUAS
\._ MY D AN
OAE WO AV A PRREMS
ore a1V VI AT
i e
ez oay | WVHA PIOTS
(| e
o oay | N AAVEA PRI

WALING J ATV Ansespy

LA

(O0A J4V0TFr WAH 9L

YA PRI

SIS /510 BnEay]

N,

MY HA Pryamg |

anrd

PR [1d 2

L - -]

P

T 0

oM~ TAE

= | 58],
NIRRT

P 1B
HOMD &
S| SNIELE/ [0

-

Wy

TAF- AL

auann Ajddns avog g

1_
12& 6

AL [249] PAT-TLL B0 TETSH

AIEPIIIUL A5 (] [ROLIING

Page 13 of 20

21 September, 2005

Version 0.1

ID1209

Project - RFID
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5. Block diagram Description

The RM100 RFID reader module consist of 2 PC boards:
1) Digital board and
2) RF board

These two boards connect to each other via 3 very low profile connectors.

One connector control the RF synthesiser, a second connector provide RF
transmit power control as well as modulation index adjustments control, while a
third connector is used to interconnect the received | & Q signals the ADC
converter on the Digital board.

5.1 Digital Board — RFD4411

The Digital board can be divided into 3 sections namely:
1) Power supply unit (PSU)
2) Micro Controller Unit (MCU)
3) Digital Signal processing (DSP)

5.1.1 Power supply unit

The RM100 module was designed to operate from a single Lithium-lon battery.
Although the nominal voltage of a Lithium-lon cell is 3.6v or 3.7V, most Lithium-lon
batteries is still capable of supplying power even when these cells reach 3.3Volts

To ensure stability in the system, low drop voltage regulators were use. Different
regulators in different sections were used to ensure best regulation and decoupling
possible.

Power to the final Power Amp (PA) on the RF board is regulated by a 3VDC, 1.5A
Low Drop Out (LDO) linear voltage regulator. See net name RF_VCC. The CPU
is getting power from a separate 3VDC regulator and although the FPGA also
require 3VDC, the FPGA also uses a dedicated 3VD regulator. See net names
VCC_CPU_3V0 and VCC_FPGA_3VO0 respectively. The FPGA also uses a 1.5V
reference voltage.

The Analogue to digital converter (ADC) is using a 3VDC and 2.5VD regulated
voltage. These voltages are also dedicated to the ADC. See net names
VCC_ADC_3V0 and VCC_ADC_2V5.

5.1.2 Micro controller
The Micro controller is a 32-bit architecture, designed for high-speed applications.
The main purposes of the MCU is as follows:
1) Control RF operating frequencies by program a synthesiser on the RF
board
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2) Control RF power and modulation depth on the RF board

3) Control mode in which the RF board must interrogate different passive tags

4) Decode received information from the tags after the FPGA performed all the
necessary signal processing functions

5) Handle interface protocol to external computer or data terminal via RS-232

6) Perform basic interface functions to operators by driving different LED’s

The MCU control all the frequency management on the RF board. The MCU
program the RF synthesiser with the desired hopping frequency and it also
determine which channel to hop to. In the 902-928Mhz bands, 50 channels are
used with 500KHz channel spacing.

The RF board is totally digitally controllable from the digital board. The MCU has a
build in DAC (digital to analogue converter) and this is used to control the RF
power output on the final Power Amplifier (PA). The modulation index on the
transmitter is also totally digitally controllable by the MCU. The MCU pass the
digital modulated data to the FPGA and FPGA uses a R2R ladder to convert the
digital information into a analogue format, which is then fed to the PA on the RF
board.

The RM100 is a multi functional RFID reader and can be used to read any type of
current available passive tags. Each type of tag uses different data rates and
modulation index and it is up to the MCU to ensure that the correct mode is used
to interrogate tags.

The MCU connects to the FPGA using a parallel interface to ensure fast data
transfer between them. The MCU pass digital modulated data to the FPGA. The
FPGA perform the necessary sloping the ensure that the transmit mask is
minimized while still perform high data rates to the tag. Once data is received from
the FPGA, the FPGA will then pass the received tag data to the MUC via the same
parallel interface or bus interface.

The RM100 is using an AT command like protocol to communicate with a data
terminal. This is only a 3 wire RS-232 interface and all the necessary operations
may be controlled via this RS-232 link.

The MCU control 2 LED’s that can be mounted on a faceplate or a front panel. The
first LED is used to indicate the presents of a transmit carrier and/or modulated
data. This LED will represent the activity of the transmitter section of the RF board.
The second LED is used to indicate tag read activity. This LED will be active as
long as tag data is received.

5.1.3 Digital Signal Processing

The Digital signal processing consists of an ADC and FPGA. The ADC is 12-BIT
20MSPS dual channel converter, which is used to convert the received in phase (1)
and Quadrate phase (Q) signals to digital signals. The FPGA act like a state
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machine and perform more digital filtering and phase lock loops (PLL) to decode
the received tag data correctly.

As mentioned before, the FPGA is also responsible for the modulated data by
using a simple 8-bit R2R ladder and buffer.

5.2 RF board - RFM4411

The RF board can be divided into two sections namely:
1) Synthesiser
2) Power amplifier
3) Receiver
4) Base band filter

5.2.1 Synthesizer

The synthesizer is using a Jauch Crystal with a temperature stability of 10ppm
over the temperature range -10°C to +70°C. This means that with a frequency of
915MHz, the carrier may drift +10KHz

The RF output frequency is set by programming the R and N-Divider registers.
The PLL has R and N registers so that each can be programmed independently.
Programming either the R- or N-Divider register automatically selects the
associated output.

The reference frequency at the VCO is divided by R and this signal is input to the
PLL’s phase detector. The other input to the phase detector is the PLL's VCO
output frequency divided by N. The PLL acts to make these frequencies equal.
Both the receiver and transmitter share a local oscillator drive to ensure that all
signals are in phase with each other. The synthesiser is programmed by the CPU
to hop between 902 and 928 MHz. The Synthesizer incorporates a phase lock
loop as well as a local oscillator, with an output of -5dBm. This local oscillator
frequency is then amplified by 15dB and then fed to an in-phase splitter. The
splitter provides a +7dBm drive to the receiver board as well as to the transmitter
main amplifier.

5.2.2 Power amplifier (PA)
The amplifier has 2 functions:
1) Amplify the RF signal to +30.5dBm

2) Act as an AM modulator by switching between two power levels.

The PA has 2 bias inputs, One is used to adjust output power levels and the other
is used to change the AM modulation index
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Lastly the PA output is fed via a harmonic low pass filter to the antenna connector.

5.2.3 Receiver

On the receiver circuit, the RF input is fed via a 902-928 band pass filter to the
direct 1Q demodulator. The demodulator uses the local oscillator to directly convert
the received signals to base band signals. The IQ demodulator is also known as a
homodyne or zero IF receiver.

5.2.4 Base band

The demodulator outputs Q and | base band signals. These signals are then fed to
a 500 KHz 12dB per octave low pass filter and 2-stage amplifier. These signals
are then passed to the differential Analogue to Digital converter described
previously.
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6. RF Channel Management

As mentioned previously, the RM100 is using 50 hopping channels, each with
500KHz channel spacing. These 50 channels are randomly generated every 20
seconds and placed into a list. Each channel is then active for 10 milliseconds
before hopping to another channel. The MCU run through this list and make sure
that within a 20 second, each channel doesn’t occupy the spectrum for more than
the allowable 400milliseconds.

See the 50 channel frequencies below

Channel # Frequency MHz Channel #|Frequency MHz
1 902.75 26 915.25
2 903.25 27 915.75
3 903.75 28 916.25
4 904.25 29 916.75
5 904.75 30 917.25
6 905.25 31 917.75
7 905.75 32 918.25
8 906.25 33 918.75
9 906.75 34 919.25

10 907.25 35 919.75
11 907.75 36 920.25
12 908.25 37 920.75,
13 908.75 38 921.25
14 909.25 39 921.75
15 909.75 40 922.25
16 910.25 41 922.75
17 910.75 42 923.25
18 911.25 43 923.75
19 911.75 44 924.25
20 912.25 45 924.75
21 912.75 46 925.25
22 913.25 47 925.75
23 913.75 48 926.25
24 914.25 49 926.75
25 914.75 50 927.25
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7. Internal frequencies

Two types of frequency components are present inside the RM100.
1) Crystal frequencies
2) Mixing

The FPGA is using a 16.384MHz Crystal oscillator and this frequency is multiplied
by a factor of 5 by the PLL to 81.92Mhz, which is the clock speed of the FPGA

The MCU is using an 18.432Mhz Crystal. No other frequencies are generated
inside the Digital board.

The RF synthesiser is using a 10MHz crystal to generate all the RF frequencies in
the above table. See PLL/VCO description under section 6.2.1

On the RF board, the VCO generates the operating frequency of the transmitter
directly. No intermediate frequencies are present. The same is with the receiver.
The same VCO frequency is split to the receiver. As mentioned before, the
receiver is a homodyne type receiver.

Care was taken to ensure the suppression of harmonic frequencies. The 2" and
3rd harmonic, generated by the VCO was present on the antenna ports. Two
harmonic low pass filters were included to reduce these harmonic emissions to the
desired level.
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8. Specification

8.1 Performance

Frequency band
Frequency stability

RF Type

Channels

Occupied freq. Bandwidth
Transmitter power output
Hopping rate

Modulation Type
Modulation Index

Data rate to Tag
Receiver RF input
Receiver sensitivity
Serial port data rate
Serial port interface
Operating voltage
Operating current

RF approval

8.2 Physical

Height

Length

Width

Weight
Antenna ports
Host interface
Mounting

8.3 Environment

Operating Temperature
Storage Temperature

902-928MHz

<10 ppm

Frequency hopping spread spectrum
50

<250kHz

1W (30dBm) max. At antenna port
>10mS

Amplitude Modulation

10 to 90% adjustable

160kbps

0dBm max

<-60dBm

38400 bps

RS232 (3 wire, no flow control)
3.3Vdc to 4.2Vdc (Lithium-lon battery)
1.2A on read, 240mA on Idle

FCC part 15.247

17mm (max)

103mm (max)

69mm (max)

100 grams

Reverse polarized SMA

10 way male pin header (5 x 2)
4 x 3mm mounting holes

-10°C to +40°C
-20°C to +70°C

Humidity 95% (non-condensing)
Shock 20Gs, 11ms, half sine pulse
ESD +8KV(indirect), +4KV(direct)
[ |
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