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iCHIME Module
Operating Manual

Background.

The iCHIME is 2.4GHz bi-directional radio transceiver. A User may configure the device to operate as a
Radio Frequency Identification Device (RFID) to support tracking shipping containers in a worldwide
supply chain using the Marine Asset Tag Tracking System (MATTS) communication protocol. An iCHIME
module utilizes a low power, wireless, radio operating in the 2.4 GHz band as its primary mode of
communication. The wireless radio operates in compliance with IEEE Standard 802.15.4-2006. The
iCHIME utilizes the same radio, processor, and User interface software as iControl’s iTAG module. The
iCHIME also supports the same command list as iControl’s iTAG module. The iCHIME is User
configurable to periodically transmit the iCHIME's status using a data interface available via the User
connector. The module may operate as stand alone device or may be used as a radio transceiver for
devices that communicate data as a part of a larger system.

The User interface for the module is a twenty (20) pin connector on the bottom of the module.

iTAG Repeater for
iCHIME modules

iCHIME Reader utilizing an
iCHIME Module Internal iCHIME Module

Figure 1 iCHIME and Related Devices
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iCHIME Radio Operation.

The iCHIME is controlled via a serial port interface (RS232 UART) for initial configuration and checkout.
All commands for controlling the iCHIME radio are identified in the iTAG Command List. Once a User as
completed the initial iCHIME configuration, complete control and operation of the iCHIME can be
accomplished through the radio interface using the same commands available in the iTAG Command
List.

The radio in the iCHIME is normally operated in a power saving mode with the receiver periodically
enabled and “listening” for commands or data requests. A key element to the power saving mode is
the principle of “tag-talks-last”. In this mode, battery power is conserved by only responding to
messages that are sent directly to the specific iCHIME MAC address or mutual broadcast address. For a
majority of iCHIME operation, the iCHIME is in a deep power saving mode (~98% of the time). The
iCHIME will only transmit when it receives a properly encrypted message while its receiver is active.
The encrypted message directed to the iCHIME may include information about which channel the
iCHIME uses for further transmissions. Once, the communication parameters are exchanged, there will
typically be a period a several seconds of active radio transmission as the iCHIME relays data. The data
transmitted may either be security data destined for government servers, and/or commercial data
destined for the end customer. This data may originate from internal flash storage or it may be received
and relayed from another compatible device.

Other Features.

In addition to the wireless radio, the iCHIME provides other features for system integration.

1. Two RS-232 serial UARTSs are available for the User to communicate to the module from
secondary systems to transmit data via the radio transceiver. The User has complete control for
setting the baud rate, data interval and packet format for data transmission.

2. The iCHIME hosts eight channels of 13 bit resolution Analog to Digital conversion. These inputs
can be used to monitor external sensors attached to the iCHIME (temperature, pressure,
vibration, etc.) . The iCHIME user interface includes command and data handling support to
issue alarms or automate behavior based on thresholds for these input.

3. There is an onboard temperature sensor integrated with iCHIME. The default iCHIME data
packet includes the temperature data.
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Functional Block Diagram.

The iCHIME module integrates a low power microprocessor and a 2.4Ghz radio. The iCHIME module
also includes a software User interface for radio control and data transmission. Additionally, the
iCHIME can retrieve User data via the two serial UARTs or provide up to 8 channels of analog to digital
data.

Note: Please note that the iCHIME uses the same command list as the iTAG command list . For iCHIME
command and control, please refer to the i/TAG Command List for a complete description of commands
that control the iCHIME module.

The iCHIME module is equipped with an integrated trace antenna rated at 3.0 dBi. Most embedded
mobile applications will utilize the integral antenna provided with the iCHIME module.

Optionally, a micro coax connector may be utilized to connect external antenna to the iCHIME module.
iControl can provide iCHIME modules with external antenna connectors that are certified and licensed
for external antenna operations.

NOTE: Users may not modify the antenna or it’s connection in anyway or risk violating radio law.

2x10 User Interface
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Figure 2 iCHIME Block Diagram
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Absolute Maximum Ratings.

Under no circumstances must the absolute maximum ratings giving in this table be violated. Stress
exceeding one or more of the limiting values may cause permanent damage to the device.

Parameter Min Max | Units |Condition

Supply Voltage -0.3 6.0 V  |All supply pins must have same voltage
\Voltage on any digital pin -0.3 3.6 \%

Input RF level 10 dBm

Storage temperature range -50 150 C

Operating ambient temperature -40 85 C

Figure 3 Maximum Ratings

‘A Caution! ESD  sensitive  device.
[l Precaution should be used when handling

| the device in order to prevent permanent
i damage.




iControl Incorporated
http://www.iControl-Inc.com

General Characteristics.

Parameter Min Typ Max Unit Condition/Note
Wake-Up and Timing
Digital regulator on, High Speed RCOSC
:ggrgrnmnde 1> power 2 us and crystal oscillator off. Start-up of High
Speed RCOSC.
Digital regulator off, High Speed RCOSC
;c:;grﬂmnde 2073 > power A4 us and crystal oscillator off. Start-up of
regulator and High Speed RCOSC.
- Time from enabling radio part in power
Active = RX .
S mode 0, until RX starts. Includes start-up
E, 1
i%’l‘fagzef?gif;t'gﬂﬁ'i't‘i‘a'ﬁ’fg,:F 450 us of voltage regulator and crystal oscillator.
Crystal ESR=160.
- Time from enabling radio part in power
Active = TX :[ ;
- maode 0, until TX starts. Includes start-up
i%wagifnggiﬁatlg;t:ililgaﬁfgﬁF 523 s of voltage requlator and crystal oscillator.
Crystal ESR=1602
- Time from enabling radio part in power
Active = RX .
B i 250 us mode 0, until RX starts. Includes start-up
Woltage regulator initially OFF of voltage regulator.
. Time from enabling radio part in power
Active = TX ;
. i 320 us mode 0, until TX starts_ Includes start-up
Yoltage regulator initially OFF of voltage regulator.
- Radio part already enabled.
Active = RX or TX 192 us Time until RX or TX starts.
RXTX tumaround 192 us
Radio part
RF Frequency Range 2400 24835 MHz Frogrammable in 1 MHz steps, 5 MHz
steps for compliance with [1]
Radio bit rate 250 khps As definad by [1]
Radio chip rate 20 MChip's As definad by [1]
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iCHIME Radio Specification (Transmit).

Parameter Min. Typ. Max. Ll Condition | Mote
Owvarall
RF Frequency Range 2400 24835 | MHz Programmabis In 1 WHz sleps, 5

MHz sieps for compliance with [1]

Transmit Secilon

Transmit bat rate 250 250 kbpe A defined by [1]
Transmi chip rate 2000 2000 | KChipss | As defined by [1]
Hominal I:IHqJLI'l PoWED T.' 1|:| dEm: Delivered ta a EIFgE ended 50 0

iaad through & balun.
[1] requires minimum —3 d8m

Programmatle culpul power range 0 a5 Output pawer 15 not user
programmable

Harmonics

7 nharmanic a7 a5m A may outpus power dellverad fo

ol . L 3 single enged 50 0 oad trough

Sllesise o ean a balun. See page 53.

Spurious amission MaXIMUm DufpU? power.

30 - 1000 MHZ =35 asm Complies wih EN 300 328, EN

1- 1275 EHz -3 d5m 300 £40, CFRAT Part 15 and

1.E-189GHz -47 dsm ARIE STD-T-5E

5.15-53 GHz -47 d5m

Error Viector Magniude (EVM) 20 % Measured a5 cefined by [1]
1] requirss max. 35 %

Optimum load Impedance 115 o Difterential Impedance as 5een

+ 180 fram tne RF-porl (5 F and

RF_N) towards tha anienna. For
matching delals see Me Inpus /
Ousput Matching section on pags
53,

Recelve Saction

Recelver Sensltivity

=0 a4 e PER = 1%, 35 spacied by [1]

Mazzured In 20 0 singie endediy
through a balen

[1] requires —&5 dEm
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iCHIME Radio Specification (Receive).

Parameter Min. TYp. Max. unlk Condition ! Hote
Saturation (maximum input level) | O 10 dsm PER = 1%, a5 spectied by [1]
Measured In 50 0 single endedly
through a balun.
[1] requires —20 dBm
Adjacent channel rejecion Wanted signal @ -82 aBm,
cent madulated channel at
lEMI'IIHEMEIEpEMQ 46 a8 mm PER = 1 %, a5 E-FE{H“E"J
by [1}
[1] requires 0 dB
ﬂqﬂﬂtml‘e}m Wanted signal & -82 dBm,
t modulated channed at
.Emmwmﬂm g ds -EMI'II.FEH-PK.EEEPEBM-HI
oy 1}
[1] requires 0 dB
ARemnate channed rejection Wanted signal @ -82 asm,
adjacent maoulated chanined at
£ 10 MHz channel spacing 58 da T, PER= 1% o
[1] requires 30 08
ARemate channed rejeciion Wanted signal @ -82 aBm,
adjacent madulated channed at
- 10 MHz channel spacing 55 a8 DM PER = 1% 2%
[1] requires 30 45
Channed rejection 38 da Wanted signal @ -52 aBm.
2 + 15 MHz ﬂﬁmmﬂgﬂhaﬂﬂz.ﬁﬂ
= - 15 MHz all channels from 2405 1o
2480 MHz. Zignal lewe| for PER =
1%
Blocking  Desensitisation
&/~ 5 MHZ Trom channel centre =24 =50 dEm Wanted signal 3 dB abave the
#i- 10 MHZ from channel cenire =24 -45 dSm lewal, WY [ammer,
- 20 MHz from channel cenire =24 -4i dsm PER = 1%. Maximum values
#i- 50 MHz from channel cenire -23 -3 dsSm according to EM 300 440 ¢iase 2.
Spurious emisskon
30— 1000 MHz —57 dsm Complies wikh EN 300 326, EM
1-12.75 GHz —47 dsm 300 £40 ciass 2, CFRAT, Part 15
and ARIB 5TD-T-66
Frequency error balerance =300 300 EHzZ Difzrence babwean cenlre
Trequency of the recalved RF
siqnal and 1ecal osciElor
Trequency
[1] requires 200 kHz
Evmbeod rate emor tolerance 120 Fem Diference betwesn Incoming

symiod rate and ihe Intemally
generated symbol rate

[1] requires 30 ppm
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OEM Installation Instruction:
An OEM integrator utilizes the 2x10 x2mm pin header connector on the bottom of the iCHIME. To
apply power, utilize serial data, and connect to analog interfaces, the OEM must provide a 2x10 x
2mm pin socket on their integrating electronics.

Interface Specification.
The interface diagram noted below is for the mating connector on the User’s electronics. All interfaces
to the radio are buffered to prevent User interface electronics from interfering with the operation of the

radio. n
a9 ot abe 1|
8,17 Bﬁ_{%w
(Top View) Users Mating Connector for 5 olel s Pa.1l__ ]
. 19 ot FEReseL
iCHIME Module < £—<—'1-'EE-P[ =hes
Pl
AN e =
ok —<T=08___| A3.@
T nj—{nnc 4] e
al o————G 7]
Gl
PIN Name Type Description
1 GND PWR Ground
2 Analog 7 I Analog Channel 7 (0-3.3 V input)
3 Analog 4 I Analog Channel 4 (0-3.3 V input)
4 Analog 6 I Analog Channel 6 (0-3.3 V input)
5 Analog 5 I Analog Channel 5 (0-3.3 V input)
6 VIN PWR 3.3-6.0 V input
7 TXDB Output | Serial Port B transmit output (0-3.3V)
8 RXDB Input Serial Port B receive input (0-3.3V)
9 TXDA Output | Serial Port A transmit output (0-3.3V)
10 RXDA Input Serial Port A receive input (0-3.3V)
11 P11 1/0 General Purpose 1/0 (0-3.3 V input)
12 P10 1/0 General Purpose 1/0 (0-3.3 V input)
13 P2 0 1/0 General Purpose 1/0 (0-3.3 V input)
14 PBReset Input Reset Pin, Active low, if not used keep float
15 P2 2 110 General Purpose 1/0 (0-3.3 V input)
16 P2 1 1/0 General Purpose 1/0 (0-3.3 V input)
17 Analog 3 I Analog Channel 3 (0-3.3 V input)
18 Analog 0 | Analog Channel 0 (0-3.3 V input)
19 Analog 2 I Analog Channel 2 (0-3.3 V input)
20 Analog 1 | Analog Channel 2 (0-3.3 V input)
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Module Mechanical Specification.

The iCHIME module is manufactured on a 0.062” thick FR4 PCB substrate. There are four 0.10”
mounting holes which may be used to secure the module in an enclosure or to mount on a host

motherboard. All radio components are integrated under a mechanically secure, tamperproof RF
shield.

iCHIME Module Mechanical Dimensions (in inches)
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Module Unique Address Identification.

Each iCHIME module is assigned a unique 8 byte MAC address by iControl Incorporated. The MAC
address is used for radio network address identification. The MAC address can not be modified by the
User and is located in protected flash memory. Figure 5 depicts the communication protocol between
iControl iCHIME and the iGATE reader. The communication protocol utilizes a unique 8 byte MAC
address defined by the IEEE 802.15.4 standard.

In Figure 5,

The iCHIME address is  (0x0035A923000000002).

The iGATE address is (0x0035A9230A010203)

Doy wigy @
Time (us) Frame control field Sequence || Dest. Dest. »
L: h Lal ||FCS =
+14059534 || "M | Tope Sec Pnd Ack req Intra PAN| number | PAN ||Address
=1623485352 10 CHMD 1] a a 1) 0x00 0x0A0L || OXFFFF 76 || 0K
Time us) || gth Frame control field Sequence |[ Source || Source || Superframe ion | GTSfields || Beacon payload N | —
+E65690 Type Sec Pnd ick reg Intra PAN || number PAN Address |Bg 320 F.CADP BLE Coord Assoc |Ltn Permit Iau 01 03 06 og
=1624361042 22 ECN 0 a a 0 Ooxlz 0x0203 || 0x0A0L |15 15 0o o & 2 | 0 bl 'OD 09 og Fo 112 || OK
Time {us) Length Frame control field Sequence || Dest. Dest. Source Source s
+50141 Type Sec Pnd Ack req Intra PAN || number PAN ||Address || PAH _ Address
=1624411183 21 CHD o a g 0 O0x01 0x0203 || Ox0A0L || 0x000Z || 0x0035A92300000002
Time (us) Length Frame control field Sequence || Dest. Dest. Source Source Lot ||Fes
451111 Type Sec Pnd Ack reg Intra PAN || number PAN Address PAN Address
=1624462254 28 CHMD o a 1 0 O0x13 0x0203 || 0x0035432300000002 || 0x0203 || 0x0035A8230A4010203 112 || OK
Time ws) |[| o Frame control fisld Sequence || Dest. Dest. | Source Source [ MAC payload o1 _F
+965869 Type Sec Pnd ick req Intra PAN | number PAN Address PAN Address 70 OC 01 08 06 00 00 09 00 02 01 48 09 34 09 49 09 72 09 CE 09
=1625428163 60 DaTA 0 a a 0 0x02 0x0203 || Ox0A0L || 0x0203 | 0x0035492300000002 || 68 09 AE 09 6E 09 28 03 09 05 29 06 FF 07 06 6E 00 00 00 0O 76
Time (us) Length Frame control field Sequence || Dest. Dest. Source Source | MAC payload Lol ;
+4062306 ) Type Sec Pnd ack req Intra PAN|| number PAN || Address || PAN ) Address  ||70 OC 01 06 06 00 00 09 04 03 05 92 01 OF 04 86 05 52 06 7C 07
=1625430463 650 DATA 0 a a 0 0x03 0x0203 || 0x0401 || 0x0203 || Ox0035492300000002 || 3D 06 B6 05 FL 08 25 03 0& 05 1D 06 FF 07 06 64 00 00 00 00 76 :
2 JHTE| 3

Figure 10
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FCC Compliance:

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 radiate 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.

Troubleshooting:

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:

1. Reorient or relocate the receiving antenna.

2. Increase the separation between the equipment and receiver.

3. Connect the equipment to an outlet on a circuit different from that to which the receiver is connected.
4. Consult the dealer or an experienced radio/TV technician.

Conditions:

Operation is subject to the following two conditions:

1. This device may not cause harmful interference

2. This device must accept any interference received, including interference that may cause undesired
operation.

Markings:
To satisfy FCC exterior labeling requirements the following text must be placed on the exterior of the
product.

Contains Module FCC ID: FCC ID: W2E-ICHIMEV20
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FCC Warnings:

Modifications: Modifications not expressly approved by the manufacturer could void the user’s
authority to operate the equipment under FCC Rules.

Radio Frequency Exposure:

Notes:

1) For mobile or fixed location transmitters the minimum separation distance is 20cm, even if calculators
indicate the MPE distance is less.

2) This equipment has been evaluated in accordance with the FCC bulletin 56 “Hazards of radio
frequency and electromagnetic fields” and bulletin 65 “ Human exposure to radio frequency and
electromagnetic fields.

3) Safe operation in an uncontrolled environment will result if the following distances from the device
are maintained as a minimum.



