ME- EM2531/01ZigBee- Ready RF Transceiver Modules

-------

‘ ZigBee- Ready SoC RF Transceiver Modules \

General Description
The CT-EM2500 SoC RF Transceiver Modules is compact surface mounted modules
spacially designad for the ZigBea ™ protocol stack for wireless star and mash
networks based on IEEE 802.15.4 compliant PHY and MAC layers providing 16
channels in the 2.4-2 4B835GHz world-wide icense-free [SM band. The complate module is
only 206 x 2565 x 3 mm and 206 x 19.53 x 3 mm

Optionally available with integrated antenna or external
antenna. It integrates a 2 4GHz, IEEE 802.15 4-compliant transceiver with a 16-bit
XAPZb microprocessor. It contains integrated Flash and RAM memory and
peripherals of use lo designers of ZigBee-based applications, A number of
perpherals such as GPIO, UART, SPI, I2C, ADC, and general purpose timers are
integrated to support user-defined applications,

Appllcatlnns

Home Home Monitoring of Security Sensor data

automation& appliances& remote systems capture

building control  fire/CO2 systems & lighting in embadded
alarms controls networks

& real lime clock

Features or intermal RC oscillator for timer

® Complete ZigBee-ready module ® High performance direct sequence
with spraad spactrum (DS5S5) RF

® integrated antenna transceiver

® |EEE 802.15.4 compliant PHY ® 16 channals in the 2.45 GHz ISM

band
® on-chip regulator for

& 128kB Flash and 5kB RAM, oparation , two slaap low powar
emulation EEPROM modes

® 17 GPIO, 4 channal 12 bit ADC & Conforms with EN

® LUART, SPI,12C and debug 300 328 (Europe), FCC CFR 47 part
interfaces 15 (US),ARIB STD-T6EE (Japan)
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Absolute Maximum Ratings

Paramseter Test Conditions | in. Max, Limit
Regulator voltage (VDD_PADS) -0.3 1.6
Voltage on amy GRIO[16:0], SIF_CLK, SIF_MIS0, -0.3 | vDD_PaDS +0.3

SIF _MOSI, SIF_LOADE, OSCITA, OSCI, RSTE,

VREG_OUT

Sorage temperature =di + 140 L

Under no circumstances the absalute maximum ratings given above should be violated. Stress
exceeding one or mare of the limiting values may cause permanent damage to the device.

Recommended Operating Conditions

Paramsetar Test Conditions Wi v Max, Unit
Ragulator insut voltags (VDD PADS) L A6 L
Core input voltage (VOD_24WHT, VOO_VOO, 1.7 i.8 15 v
VDD _RF, VDD _IF, VDD_PaDia, VDD FLASH,
VDD_PRE, VDD_SYHTH, YOD_CORE)
Temperaturs rangs= -4 ~B5 C
Electrical Specifications
T=23 G, W05 = 30V ¥ nothing else staled.
Pararmsti in. Typ. Max__ | Uinit__| Condticn ! Note
Opanating fraguancy 2405 2480 MHz  |Progammabde in 11.7#hz  seps,
5 MHz glaps for IEEE B02.15.4
complianoe
kumbszr of channels 16 For IEEE &12.15.4 compliance
Chanred spacing 5 NHz For IEEE B2, 15.4 complance
Inputicutpiut impedance =20 O
DCiarta rayte 250 kbit's
D555 chip rabs F Mlers
e s oy ki ity -4l R
Transmit power 32 [¥] o5 Programmabia from firmeans
Harmanics
2nd harmenic 55
Ard Faamroinic A7
Spurious emission, TX 30— Complies with EMN 300 328,
1IHD PliHE £ B FOC CRFAT Pad 15
1-12.75 GHz =i and ARIB STD-TEG
1.8-1.8GHz =5
51553 GHe -
Sansitivity 53 = PER = 1%
Al rights reserved. Property of Computime Lid,. 3 /13 V1.0
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Admcant channal ragction At &2 dBm, PER = 1%.
+-5 MHz s & 0 dB for IEEE BO2, 154 complanca
Alternate channel selectivity AL 82 dBm, PER = 1%.
110 MHz e - 30 B for |EEE B2.15.4 compliance
Biccking | InberTarer rajaction | Wanted signal 3 dB above sansiifity ke,
dasenalizatian +/-5 MHz +-10 38.35 CW intarfarer, PER = 1%, Minimsr
MHE +(-20 MHE +-50 NHz BT SN | umibers comespands o <l 2 recehier
racuira et in EN 300 440,
Wz Impurt signal for cormect Li] dim
oparation
Mar. Inpat sgnal far correct T | &@m
|_cparation
Spurious emission, RX 30 -1000 Complas with EM 300 328, EM 300 440,
MHz FC CRF4T Part 18
47 | @m

11275 GHz a7 and ARIB STO.TES

Supply vollage 21 36 v

Currant conpumption, X "5 MA | Setiin receive boost mads

Curran consumptian, TX Lt e, A, TH power

{+ 6.dBm boost)

Qulescent current, 1.0 s including intemal RC

Modat cescillator

Cuiescent currant, 1.5 WA including 32 768k

Moded eescillartor

Flash memany 128 KB

RAM memary 5 kB

Simudated EEPROM memory B KB

RC OSCILATOR FREQUENCY 10 KHE

Al rights reserved. Property of Computime Lid,. 4 /13 V1.0
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QUICK Product Introduction

The CT-EM2500 serles of modules are speciolly desighed to meet the IEEE802.15.4
Standard used by zigbee and a variety of proprietary network protocals. Using the
module together with the Emberznet stack or any other zigbee network
Implementation makes It a powerful platform to bulld any zigbee profile and
opplication .the module contalns qualified RF hardware and enough processor power to run
the complete zigbee mesh network protocol for a full function device including the
application.

using a pre —qualified module Is the fastest way to make a zigbee product and
shortest time to market. because it contains all the RF hW and MCU resource you
need in a 100ZRF tested and pre—qualified module shorten the qualification and
approval process, NO RF design or expertise is requrired to add powerful wirelss
net working to the product .AS an option you

can evenh get the module with integrated antenna .in the simplest case like a home
light remote control you only neeed an external battery and a pushbutton.

Typlcal application block

21-36V \/

ANT 2405-2480MHZ

GPIO PIN
IEEE802.15.4
MCU or/and RF Transcelver
Peripheral
Equipment MOD
SIF PIN
Debug and
progroamming SIF PIN
interface
I
24MHZ N\
4 General A/D pin
HUM Temp
sensor sensor

All rights reserved .property of computime LTD .2/
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= Modules
ompuine ‘
PIN ASSIGNMENT ¢ I~
N~
_ X — Qd
SEM2501 8EM2501
(O)] O)]
N (A —
— () o0
O (90) —
— = ~—
PIN%d Signal Direction| Description
1 NRESET | I Active low chip reset Cinternal pull-up)
2 OSCB Iv0 24mhz crystal oscillator or left open when using external clolck input on OSCA
3 OSCA I/0 24mhz crystal oscillator or external clock input
4 VBRD Power pads supply (21-3.6v>
5 GPIO /0 digital I/0 Enable GPIO11 with GPIO_CFG(7:4)
6 GPIOl2 | 170 digital I/0 Enoble GPIO12 with GPIO_CFG(7:4>
7 GPIOO 1/0 digital I/0 Enoble GPIOO with GPIO_CFG(7:4>
8 GPIOM 1/0 digital I/0 Enable GPIO1 with GPIO_CFG(7:4)>
9 GPIO2 1/0 digital I/0 Enoble GPIO2 with GPIO_CFG(7:4>
10 GPIO3 1/0 digital I/0 Enoble GPIO3 with GPIO_CFG(7:4>
1 GPIO4 1/0 digital I/0 Enable GPIO4 with GPIO_CFG(12> and GPIO_CFG(8>
1 GPIO5 /0 digital I/0 Enable GPIOS with GPIO_CFG(12> and GPIO_CFG(9>
13 GPIO6 /0 digital I/0 Enable GPIO6with GPIO_CFGC10>
14 GPIO7 1/0 digital I/0 Enoble GPIO7 with GPIO_CFG(3> and GPIO_CFG(11>
15 GPIO8 /0 digital I/0 Enoble GPIO8 with GPIO_CFG(14>
UART transmit data of serlal controller SC1
16 TXD 0 Enoble SC1-4A or SC1-2 with GPIO_CFG(7:4> ,select UART with SC1_MODE
17 RXD I UART recelve data of serial controller SC1
Enoble SC1-4A or SC1-2 with GPIO_CFG(7:4> ,select UART with SC1_MODE
18 SIF_CLK] I serlal Interface ,clock(internal pull-down)
19| SIF_MISO 0 serial interface,master in/salve out
20| SIF_MOSI I serlal Interface ,mater out/slave In
21| SIF_LOADB| I/0 serial Interface ,\oad strobe (open-collector with Internal pull-up)
22 GND Ground grond supply pad in the bottom center of the package forms Pin49
23 GPIO16 | 170 Digital I/0 Enoble GPIO16 with GPIO_CFG(3>
24 GPID15 | 170 Digital I/0 Enable GPIO1Swith GPIO_CFG(2>
25 GPIDM4 | Iv0 Digital I/0 Enable GPIO14 with GPIO_CFGC(1
26 GPIM3 | 170 Digital I/0 Enable GPIO13 with GPIO_CFGC0>
27 GND Ground Ground supply

All right reserved .Property of Computime Ltd 6/13
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EM2331/01 ZigBee—-ReadyRF Transceiver Module

BLOCK Diagram

21-36V \/

16BIT MCU

IEEE802.15.4
RF Transceiver

USER MOD

APPLICATION

ziGBEE FILTER

NETWORK
Digital/Analogue 1/0
URAT interface
SPI interface
L2C interface
IEEES02.15.4 NG
MAC

24MHZ

circuit description

the module contains an IEEE 802.15.4 compliant SoC RF transceiver ,internol memory
high speed oscillator .RC oscillator and an external 32kHZ oscillator,the

module Is Intended for running the zigbee network protocal

the opplication software together with the zigbee protocal software stack can ke
programmed in flash memory through SIF Module .the easiest way to do this is
by using an evaluation board from Ember Embedded workbench

TO support user-defined applications. a number of peripherals such os GOIOUART
SPI ,12C,ADC, and general-prupse times are Integrated ,also,an Integrated voltage
regulator ,power-on-reset circuitry,sleep timer ,and low-power sleep modes are
available ,the deep sleep mode draws less than luA,allowing products to achieve
long boattery life

All rights reserved .property of computime LTD .7/
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SIF Module Programming and Debug Interface

SIF is a synchronous serial interface developed by Cambridge Consultants Ltd. It is
the primary programming and debug interface of the CT-EM2500. The SIF module
allows external devices to read and write memory-mapped registers in real-time
without changing the functionality or timing of the XAP2b core.

The SIF interface provides the following:
® |C production test (especially analog)
® PCB production test

® XAP2b code development

® Product control and characterization

The pins are:

® SIF_LOADB
® SIF_CLK

® SIF_MOSI
® SIF_MISO

The maximum serial shift speed for the SIF interface is 48MHz. SIF interface
accesses can be initiated even when the chip is in idle and deep sleep modes. An
edge on SIF_LOADB wakes the chip to allow SIF cycles.

Power Management
The CT-EM2500 supports three different power modes: processor ACTIVE,
processor IDLE, and DEEP SLEEP.

The IDLE power mode stops code execution of the XAP2b until any interrupt occurs
or an external SIF wakeup command is seen. All peripherals including the radio
continue to operate normally.

The DEEP SLEEP power mode powers off most of the module but leaves the critical
chip functions, such as the GPIO pads and RAM powered by the High Voltage Supply
(VDD_PADS). The module can be woken by configuring the sleep timer to generate
an interrupt after a period of time, using an external interrupt, or with the SIF interface.
Activity on a serial interface may also be configured to wake the module, though
actual reception of data is not re-enabled until the module has finished waking up.
Depending on the speed of the serial data, it is possible to finish waking up in the
middle of a byte. Care must be taken to reset the serial interface between bytes and
discard any garbage data before the rest. Another condition for wakeup is general
activity on GPIO pins.

All rights reserved. Property of Computime Ltd. 8/13 V1.0
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RF Frequency, Output Power Levels and Data Rates
The following table shows the RF channels as defined by the IEEE 802.15.4 standard.

11 2405 MHz
[ 2410 MEz
13 2415 MEz
14 2420 MEz
15 2425 MEz
E 2430 MEz
17 2435 Mz
15 2440 MEz
E 2445 MEz
20 2450 MEz
E 2455 MEz
23 2450 MEz
23 2455 MEz
24 2470 MEz
25 2475 MEz
25 2480 MEz

For proprietary solutions (non-IEEE 802.15.4), the RF transceiver can be
programmed in resolution of 11.7 KHZ.

The output power level can be configured from the firmware in the range -32 to 5 dBm.
The RF transceiver uses direct sequence spread spectrum (DSSS) with 2 Mchip/s
chip rate, giving a raw data rate of 250 kbit/s. The modulation format is Offset —
Quadrature Phase Shift Keying (O-QPSK). The DSSS makes the communication link
robust in noisy environments when sharing the same frequency band with other
applications.

The use of RF frequencies and maximum allowed RF power is limited by national
regulations. The CT-EM2500 is complying with the applicable regulations for the
world wide 2.45 GHz ISM band.

Specifically it complies with the European Union R&TTE directive meeting EN 300
328 . It also meets the FCC CFR47 Part15 regulations for use
in the US and the ARIB T-66 for use in Japan.

All rights reserved. Property of Computime Ltd. 9/13 V1.0
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Antenna and Range Considerations
As an option the module can be dalivered with an integrated antanna.

The integrated antenna is a compact ceramic antenna working as a quarter-wave
rasonant antenna. Due to the dielectric ceramic material the antenna is shorier than a
nomal quarter wawve antenna (in air), still providing high radiation efficiency

The antenna is matched for usa in the 2.45 GHz band.

Al rights reserved. Property of Computime Led. 10713 V1.0
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Figure 2 : Integrated prireciintenna radiation pattern at different orentations

The antanna should be kept away (= 10mm) from metallic or other conductive and dielectric
maaberials, and should newer be used Inside & metalllc enclosure.

Compared o lower frequencies, operation at 2.45 GHz is more limited to LOS. Reflections from
walls and other objects may give multi-path fading resulting in dead-zones. The ZigBee mesh
network topology is used to overcome this fading as it allows for alternative routing paths. The
mesh network is therefore highly recommended for Increased rellabllity and extended coverage
throughout buildings.

In applications where the module must be placed in a metallic enclosure, an external antenna must
be used. The RF available at a module pin must be fed to extemal antenna. The RF inputfoutput is
matched te 50 Ohm, If the antenna or antenna conneclor is placed away from the module af the
mictherboard, the track between the RF pin and the connector should be a 50 Ohm franemission

ling

A PCE antanna can ba made as a copper track where the ground plane is removed on the back

All rights reserved, Property of Computime Led. 11 /13 V1.0
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side. The rest of the PCB board should have a ground plane as large as possible, preferably as
large (in one dimension) as the antenna itself, to make it act as a a reflector mirror to the antenna. A
quarter wavelength Antenna on a PCB must be shorter than the wire antenna due to the influence
of the dielectric material of the PCB. The length reduction depends on the PCB thickness and
material, as well as how close to the edge of the board the antenna is placed. Typical reduction is to
75-90 % but must be found empirically.

The length of a quarter-wave antenna is given in the table below.

If, for space reasons, the track is made even shorter than the resonating quarter of wavelength, the
antenna should be matched to 50 ohms using a series inductor and a shunt capacitor.

PCB Layout Recommendations

For recommended layout pads for the module, please reference Mechanical Dimensions

The area underneath the module should be covered with solder resist in order to prevent short
circuiting the test pads on the back side of the module. A solid ground plane is preferred.
Unconnected pins should be soldered to the pads, and the pads should be left floating. For the
module version with integrated antenna, the RF pad can be soldered, but the pad should not be
connected further. The two ground pads (pin 10 should be grounded for all variants.)

When using the onboard chip antenna, careful attention is required to the layout of the PCB where
the module is mounted. In Figure 3 a mother PCB is shown with a recommended placement of the

- H _ H

module.

RF module

Mother PCEB

Figure 3 A recommended placement of the module on a mother PCB (Shaded area is
ground-plane on mother PCB)

All rights reserved. Property of Computime Ltd. 12/13 V1.0
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Mechanical Dimensions
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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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