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This device made under license under one or more of the following U.S. Patents: 5,146,497; 5,185,795; 4,636,791; 4,590,473; 5,185,796; 5,148,482; 5,271,017; 5,377,229; 4,833,701; 4,972,460.

The IMBETM voice coding technology embodied in this product is protected by intellectual property rights including patent rights, copyrights, and trade secrets of Digital Voice Systems, Inc.  The voice coding technology can only be used as part of the North American land mobile radio communication system for the APCO Project 25.  The user of this technology is explicitly prohibited from attempting to decompile, reverse engineer, or disassemble the Object Code, or in any way convert the Object Code into a human-readable form.

FCC ID:
OKC4101256

MODEL:
PRC6894

CANADA:
473195576A

RACAL COMMUNICATIONS, INC.

MADE IN USA

NOTICE

This Technical Service Manual contains information that is current as of the date shown below.  The information contained in this document is subject to change at any time, without prior notice

The Racal 25 Radio is a portable, handheld, battery operated radio capable of providing both secure and non-secure communications.  Immersible and weighing only 17 oz., the radio operates in the 136-174 Megahertz (MHz) band with adjustable Radio Frequency (RF) power output up to 5 Watts.  The Racal 25 portable conforms to the Project 25 Common Air Interface (CAI) standard.  A display and keypad provide easy programming and feature selection for the 256 available channels.  The radio has a separate internal speaker and microphone for improved audio fidelity.  A side connector is available for radio-to-radio cloning, programming from a personal computer (including key fill), and incorporating software upgrades.  The Racal 25 radio uses Digital Signal Processing (DSP) and microprocessor control for easy evolution towards advanced capabilities.
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RACAL 25 PORTABLE RADIO (WITH BATTERY AND ANTENNA)

INTRODUCTION

Racal Communications, Inc. (RCI),which is headquartered in Rockville, MD, is a division of Racal Electronics, PLC, a multi-billion dollar international electronics company.  Our goal and the focus of our business is to be the recognized global leader in secure, tactical handheld radios:  We have received eleven NSA Type 1 encryption endorsements with two more in process.  We have built the world’s smallest and lightest full-featured tactical radio and we are using the latest commercial digital technology in our radios.

The Racal 25 radio is the smallest, lightest, and most rugged radio available that meets the requirements of the Association of Public Safety Communications Officials (APCO) Project 25 Common Air Interface (CAI) Standard.  It supports full multi-mode operation over a frequency range of 136 to 174 MHz and features high quality, error-corrected, digital voice and DES Encryption.  Programming is done via the radio front-panel keypad (password protected), by direct unit-to-unit cloning, or with a PC using the Windows 95/98/NT-based PC Programmer.  Software upgrades can be distributed via the Internet or disk without the requirement for special interface boxes or software.  The Racal 25 has exceptional scanning capabilities and an advanced Lithium-Ion Battery with fuel gauge display.  The Racal 25 radio has received FCC and Canadian approval.

Project 25 is a narrow band digital radio standard adopted by APCO.  It provides the guidance that allows US Government public safety agencies to move to 12.5 kHz channels.  Project 25 is the only Frequency Division Multiple-Access (FDMA) “standard” existing.

The standard requires:

· 12.5 kHz channels.

· Compatible 4-level Frequency Modulation (C4FM) or Compatible Quadrature Phase Shift Keying (CQPSK) modulation.

· Improved Multi-Band Excitation (IMBE) Voice Coder/Decoder (VOCODER).

· Common Air Interface (CAI).

The Project 25 standard will cover all the parts of a system for public safety land mobile radio communications.  The systems have subscriber units (which include portable radios for handheld operation and mobile radios for vehicular operation), base stations (for fixed installations), and other fixed equipment (for wide-area operation and console operator positions), as well as computer equipment (for data communications).  The CAI allows these radios to send and receive digital information over a radio channel.

Racal assumes that the user of this manual is familiar with radio and PC Programmer operations.  However, if required, Racal Communications has a handheld radio User's Guide (p/n 84326) and a PC Programmer User's Manual (p/n 84330) for sale.  Call 1-800-914-0303 for more details.

This manual provides required technical information necessary for the Racal 25 handheld radio.

This page left blank intentionally
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DETAILED OPERATING INSTRUCTIONS ARE CONTAINED IN THE RACAL 25 USER'S GUIDE, RACAL PART NUMBER 84326.
1.1 Radio Configuration.

1.1.1 Channels.

A channel consists of a receive and transmit frequency band.  The radio has a total of 256 selectable channels.  Each channel may be programmed for different receive and transmit frequencies, squelch, modulation, encryption, and power.  Each channel can have one (of a possible sixteen (16)) keys assigned on a channel-by-channel basis.  Each channel is identified by an eight-character alpha-numeric label or by it's channel number if no text label is programmed.  Up to seven shadow channels may be added to each channel.  They enable the radio to be used in several squelch/encryption modes on each physical channel.

1.1.2 Zones.

A zone is a group of channels.  Each zone can be assigned up to 16 channels.  The radio can store up to 16 zones, or groups of channels.  The zones may be assigned names of up to eight alphanumeric characters and can be assigned to Banks during programming.  Three zones can be selected by the toggle switch or 16 zones by the front panel keyboard.  Channels can be mapped to the channel select switch positions using the MA6941C PC Programmer.  When a zone is active (has been selected), the channels within the zone can be selected using the 16-position channel select switch on top of the radio.

1.1.3 Banks.

A bank is a group of zones.  Zones can be assigned to banks during programming.  The radio can store up to four banks of 16 zones each.  Banks may be assigned names of up to eight characters.

1.2 Installation and Adjustment

1.2.1 Hardware

No installation or adjustments are required.

All functional parameters are set at the factory and do not require updating in the field.

1.2.2 Software

Software updates will be periodically available. See Appendix E for detailed update procedures.

1.3 Operating Procedures.

1.3.1 Connect the Battery

The battery is connected to the radio by a simple twist-lock mechanism that mates the top of the battery to the bottom of the radio.

1.3.2 Connect the Antenna

The antenna is connected to the radio through a Sub-Miniature series A (SMA) connector on top of the radio. Screw the antenna clockwise onto the connector.

1.3.3 Radio Programming

Prior to operation for the first time, the radio should be programmed via the PC Programmer.  For help in programming a radio using the PC Programmer see the MA6941C PC Programmer's User Manual, Racal part number 84330.

1.3.4 Radio Initialization.

Turn on the radio using the On/Off/Volume knob.  The radio performs a Power-On Self Test (POST) and gives a short medium-pitched tone to indicate PASS.  Use the switch to set the volume to a comfortable level.  Select the desired channel using the Channel Select Switch.  The radio is now ready for operation.

1.3.5 Choose a Channel.

The default Display Screen shows the current zone and channel.  Use the Channel Select Switch to select a different channel in the zone.  To change zones either program one of the side keys or the three-position toggle switch to Zone Select, or program through the display using the "Select" menu.

1.3.6 Transmit a Voice Message.

Press the PTT switch, hold the radio two to six inches from your mouth, and speak in a clear voice.

1.3.7 Receive a Voice Message.

To enable the radio to receive a voice message, release the PTT.  Use the PC Programmer or the Radio "Program" menu (see Appendix A) to set/adjust the squelch level, Continuous Tone-Controlled Squelch System (CTCSS) tones, Digital Coded Squelch (DCS) variables, Network Access Codes (NACs), and/or Talk- Group Identifiers (TGIDs) as required.
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.  RADIO SET AND ACCESSORIES
2.1 System Description.

The Racal 25 Radio set consists of the following components:

· Transceiver Module, which includes:

· Transceiver Circuit Card Assembly (CCA)

· Rear Cover

· Control/Crypto/Display Module which. includes:

· Display
· Chassis,

· Control CCA
· Speaker/Mic 

· Keypad CCA
· Cables

· Keypad
· Switches/Buttons

· Antenna

· Battery

Available accessories include:

· Standard Antenna, 136-174 MegaHertz (MHz),

· Low-Band Narrowband Antenna, 136-152 MHz,

· Mid-Band Narrowband Antenna, 147-163 MHz,

· High-Band Narrowband Antenna, 158-174 MHz,

· Lithium-Ion (Li-ion) Rechargeable Battery,

· Alkaline Clamshell Battery Pack,

· Six-Unit Battery Charger, Alternating Current/ Direct Current (AC/DC),

· Single-Unit Battery Charger (AC),

· Six-Unit Battery Charger (AC),

· Surveillance Harness (wireless or wired options),

· MA6941C Personal Computer (PC) Programmer,

· Cloning Cable,

· Belt Clip,

· Nylon Carrying Case,

· Li-ion Leather Carrying Case,

· Alkaline Pack Leather Carrying case

· Side Connector Assembly

· Speaker/Microphone

· Digital Encryption Standard (DES) Keyfill Cable.

2.1.1 Portable Radio.

The Racal 25 Portable is a handheld, battery operated transceiver capable of providing secure and non-secure communications over a 136-174 MHz Radio Frequency (RF) range.  The portable radio (Figure 1-1) includes a Liquid Crystal Display (LCD), Dual-Tone Multiple-Frequency (DTMF) keypad, emergency push button, speaker/microphone, multi-function side connector, three programmable function side keys, 16-position channel select rotary knob, On/Off/Volume rotary knob, three-position programmable toggle switch, antenna connector, battery connector and a Light Emitting Diode (LED) Indicator.  The Racal 25 Portable has an adjustable power output ranging from 0.1 up to 5 watts.  The Racal 25 portable radio operational modes include:

a. Clear Analog Voice FM, 12.5 and 25 kilo-hertz (kHz)

b. DES Continuously Variable Slope Delta (CVSD) Modulation Voice, 25 kHz, 12 kilobits per second (kbps)

c. Project 25 Clear Digital Voice 12.5 kHz

d. Project 25 Output Feedback (OFB) DES Digital Voice, 12.5 kHz

e. DTMF Overdial (future incorporation)

f. Project 25 Wide-pulse Operation (future incorporation)

2.1.2 Antennas.

There are four antennas that can be used with the Racal 25 Radio.  The antenna are connected to the radio by a Sub-Miniature series A (SMA) connector.

2.1.2.1 Standard Broadband Antenna.

The Racal 25 standard antenna is a helical antenna designed to cover the entire 136-174 MHz frequency range, with a nominal impedance of 50 ohms.

2.1.2.2 Low-Band Narrowband Antenna.

A helical antenna designed for the 136-152 MHz frequency range, with a nominal impedance of 50 ohms.

2.1.2.3 Mid-Band Narrowband Antenna.

A helical antenna designed for the 147-163 MHz frequency range, with a nominal impedance of 50 ohms.

2.1.2.4 High-Band Narrowband Antenna.

A helical antenna designed for the 158-174 MHz frequency range, with a nominal impedance of 50 ohms.

2.1.3 Battery.

2.1.3.1 Li-ion Rechargeable Battery

A rechargeable LiIon battery is the standard power source for the radio.  The battery is a self-contained unit connected to the radio by a reliable twist-lock mechanism.  The battery can hold a charge of 1,500 milliAmpere Hours (mAH) and at room temperature can provide over ten (10) hours of battery life at the five (5) Watt (W) transmit power level with an 90:5:5 Standby:Receive:Transmit (Stby:Rx:Tx) duty cycle.

2.1.3.2 Alkaline Clamshell Battery Pack

A reusable battery cassette that holds ten (10) non-rechargeable AA-size alkaline batteries is also available. At room temperature, the battery pack can provide over eight (8) hours of battery life at the 2W power level with an 80:10:10 duty cycle.  When the alkaline battery cassette is used, the radio limits the maximum RF power to the nominal power of the 2W setting.  This limit is indicated by a "2W" on the display.

2.1.4 Battery Chargers.

There are three available chargers: a single-unit charger and a six-unit charger that operate from 90 to 265 Volts, Alternating Current (VAC), 50 to 400 Hertz (Hz); and a six-unit charger that operates on 10 to 32 Volts, Direct Current (VDC) power, in addition to the AC supply.  All of the battery chargers are capable of recharging the lithium ion battery to 95% charge in 1.3 hours and full charge in three (3) hours.  The chargers monitor charge current, temperature, and voltage to prevent improper charging.  Indicator LEDs on the chargers provide status as follows:

LED
Indication
Red
High temperature exceeded

Flashing Red
Over-discharged battery

Flashing Yellow
Under-temperature battery

Yellow
Normal charge

Green
Charge successfully completed

Flashing Red/Green
Charge error

Note:  The battery "fuel gauge" is not operable while the battery is charging.  It will refresh approximately 30 seconds after the radio is removed from the charger.

2.1.5 Surveillance Harness.

The surveillance harness allows covert operation of the radio.  The harness operates via an inductively-coupled wireless earpiece, a microphone capable of being hidden in the wearer’s shirt or jacket, and a single button, Push-To-Talk (PTT) switch that can be strung through a shirt sleeve or coiled in a pocket.  When the radio is being used with a surveillance harness, the internal speaker is automatically disabled.

2.1.6 MA6941C PC Programmer

The MA6941C Personal Computer (PC) Programmer is a Windows 95/98/NT-compatible software program capable of loading or modifying programming information into the radio from a PC.  It includes software, a detailed user's guide, and an RS-232 compatible cable.  The cable connects the PC serial port to the radio side connector.  See the MA6941C PC Programmer User's Manual (Racal p/n 84330) for a complete description of PC Programmer operation.  The PC Programmer is capable of programming the following parameters:

BANK

· Bank Tag

· Special Channels

· Priority Channels 1 & 2

· Emergency Channel

· Home Channel

· Zones/Available Zones

ZONE

· Zone Tag

· Scan List

· Channels/Available Channels

CHANNEL

· Channel Tag

· Channel Type

· Bandwidth

· Receive Only Option

· Options

· Scanlist

· Talkaround

· Locked

· Encryption

· Enable

· Key

· Transmit Power

· High and Low RF Power Levels

· Receive and Transmit Parameters

· Operating Frequencies

· P25 NAC (Digital)

· Talkgroup (Digital)

· Squelch Mode/Value (Analog)

· Shadow Channels

GLOBAL

· User (Configuration Name)

· User ID P25

· Keys and Switches

· Auxiliary Switch (1-3) Function

· Toggle Switch Function

· Emergency Button Function

· Programming Access

· Programming Enable

· Programming Password

· Scan

· Revert Mode

· Scan Delay

· Scan Reply

· Monitor Time

· Transmit

· Transmit Inhibit/Override

· Transmit Timeout

· Emergency

· Alert Mode

· Duration Timer

· Repeat Timer

KEY

· Key Tag

· Key ID

· Key Data

2.1.7 Cloning Cable

Used to transfer programming information (excluding crypto keys and global parameters) from one radio to another radio. The cable connects to the radio side connector on both the sending (source) and receiving (target) radios.  Each cable end is labeled accordingly ("Source" and "Target"), for ease of use.

2.1.8 Belt Clip

A mechanical means of attaching the radio to a belt.

2.1.9 Nylon and Leather Bags

Harness type supports for the radio.

2.1.10 Side Connector Assembly

An audio adapter assembly that allows several different audio accessories to be connected to the side connector.

2.2 Controls, Indicators, and Connectors.

2.2.1 Controls.

The radio controls (Figure 2‑1), consist of a 16 channel rotary knob, an On/Off/Volume rotary knob, a three-position toggle switch, three programmable function side keys, an emergency push button, a PTT switch, and a 16 button keypad.

Figure 2‑1[image: image9.wmf]1
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.  Controls and Connectors.

2.2.1.1 On/Off/Volume Rotary Knob

The On/Off/Volume rotary knob located on the top of the radio, is a 16-position mechanical switch.  The first position is "Off", the second position is "On With Speaker Off" (mute), the remaining positions are used for increasing volume levels.

2.2.1.2 16 Channel Rotary Knob.

The Channel Select knob, located on top of the radio, is used to rapidly switch between sixteen (16) pre-selected channels.

2.2.1.3 Three Position Toggle Switch.

The three-position toggle switch, located on top of the radio can be programmed using the PC Programmer for Zone Select, transmit Encryption enabled/disabled, Scan on/priority/off, High/Low Power, Talkaround on/ off, Monitor (squelch adjust) on/off, and Disabled.

2.2.1.4 Push-To-Talk (PTT) Switch.

The PTT switch is located on the left side of the radio.

2.2.1.5 Three Programmable-Function Side Keys.

Three programmable side keys are located on the left side of the radio, two above and one below the PTT switch.  These keys can be programmed using the PC Programmer for the following functions:

· Backlight dim/bright/off, (future use)

· Encryption on/off,

· Scan List add/delete,

· Keypad Disable, (future use)

· Monitor on/off,

· Scan on/priority/off,

· Signal Strength Meter on/ off,

· Talkaround on/off,

· Home Channel, 

· Audible Tones on/off, (future use)

· Next Zone, (future use)

· Open Microphone, (future use)

· Previous Channel, (future use) and 

· Disabled.

2.2.1.6 Emergency Push Button.

The Emergency push button can be programmed for Emergency operation or Key Zeroize operation.  When programmed for emergency operation, the Emergency push button is activated by the operator for emergency calling.  Once activated, the emergency condition remains active until it is cleared by a different means, such as turning off the radio.  When the emergency mode is activated, an emergency message is broadcast over the Emergency channel.  There are two programmable audio (full alert and silent) and display (alert and silent) modes.  When in Alert mode, EMERGENCY flashes on the radio display and an audio tone is sounded.  When in the Silent mode, there is no audio tone and no LED indication.  When programmed for Key Zeroize operation the emergency push-button can be used to instantly "panic zeroize" all encryption keys contained in the radio.

2.2.1.7 16-Button DTMF Keypad.

The radio includes a 16-button conductive rubber keypad with positive feedback on the front panel.  The keypad provides adjustable backlighting for nighttime viewing.  The 16 keys are divided into two sections, as shown at Figure 2‑2.  The function of each of the four keys on the first row is indicated on the bottom line of the display.  The remaining four rows of three keys each correspond to a standard 12 button DTMF (telephone) keypad.

Figure 2‑2[image: image10.wmf].  Sixteen-Button Keypad

2.2.2 Indicators.

2.2.2.1 Liquid Crystal Display (LCD).

The radio contains a full graphics 80 x 32 pixel LCD that uses characters and graphics to provide the operator with radio operating information.  The display provides backlighting for nighttime operation.

2.2.2.2 LED Status Indicator.

Operating status is visually indicated by a three-color LED.  The LED is viewable from both the top and front of the radio and provides radio status as follows:

LED
Indication
RED
Transmitting.

GREEN
Receiving/Busy Channel indicator

Flashing GREEN
Receiving Encrypted transmission

ORANGE
Emergency/Low Battery

2.2.2.3 Audible Tones.

The radio has several audible tones that are activated by states of operation or by radio faults.  These tones are described in Appendix C.

2.2.3 Connectors.

The radio connectors are shown in Figure 2‑1.

2.2.3.1 Side Connector.

The side connector is an 18-pin connector located on the right side of the radio.  This connector is used for multiple functions, including PC Programming, keyfill, cloning, and audio accessory attachment.  The pin names and functions are delineated in Appendix D.

2.2.3.2 Antenna Connector.

The antennas screw into an SMA female connector located on the top of the radio.

2.2.3.3 Battery Connector.

The battery connects to a reliable, long-wearing, easily operated twist-lock connector mechanism located on the bottom of the radio.

2.3 Transceiver Characteristics.

The radio frequency range is 136-174 MHz with channel spacing of 12.5 or 25 kHz, tunable in 5 kHz steps.

2.3.1 Transmitter Characteristics.

2.3.1.1 Transmitter Output.

The transmitter output consists of a single channel Frequency Modulated (FM) carrier using either conventional 12.5 or 25 kHz FM modulation, or 12.5 kHz Compatible 4-level FM (C4FM).  The signal source is analog or digitized voice signals.

2.3.1.2 Transmit Squelch.

Transmit squelch parameters are required to enable selective squelch communications options.  These parameters are described below.

2.3.1.2.1 Analog Transmit Squelch.

There are three types of analog transmit squelch:

· None - No squelch will be included with the analog transmit signal.

· Continuous Tone-Controlled Squelch System (CTCSS) - Sub-audible CTCSS squelch tones will be included with the analog transmit signal.

· Digital Coded Squelch (DCS) - DCS variables will be superimposed on the analog transmit signal. 

2.3.1.2.2 Digital Transmit Squelch

There are four types of digital transmit squelch:

· None - No squelch will be included with the digital transmit signal.

· Network Access Code (NAC) - A digital NAC will be transmitted with the Project 25 digital transmit signal.  This primary purpose of this code is to allow a user access to a repeater network.

· Talk Group Identifier (TGID) - A digital TGID will be transmitted with the Project 25 digital transmit signal.  This primary purpose of this selective digital calling identification is to group users into functional teams.

· Individual Call - TGID is automatically set to 0000 (hex) and the User ID of the targeted radio is activated within the Project 25 digital transmit signal.

2.3.2 Receiver Characteristics.

2.3.2.1 Receiver Performance.

The receiver is capable of demodulating a single-channel FM carrier using either conventional 12.5 kHz FM, 25 kHz FM, C4FM, or Compatible Quadrature Phase Shift Keying (CQPSK) modulation.  The receiver demodulates analog or digital voice and data signals.  The radio circuitry can receive clear messages while operating in secure mode, and secure messages while in the clear mode if encryption is enabled.

2.3.2.2 Receive Squelch.

2.3.2.2.1 Analog Receive Squelch

There are three types of analog receive squelch:

· Carrier (Noise) - Squelch is opened on any intelligible analog signal.

· CTCSS – Squelch is opened on any analog signal that has the correct CTCSS tone.

· DCS - Squelch is opened on any analog signal that has the correct DCS variable.

2.3.2.2.2 Digital Receive Squelch

There are four types of digital receive squelch:

· Monitor - Squelch is opened on any intelligible digital signal.  The NAC and Talkgroup ID do not have to match.

· Normal - Squelch is opened on any digital signal that has the correct NAC.

· Selective - Squelch is opened on any digital signal that has the correct NAC and TGID.

· Individual Call - Squelch is opened on a digital signal that has a TGID of 0000 (hex) and has a User ID matching that of the receiving radio.

2.4 Communication Security.

The radio is capable of secure communication by means of Type 3 software-based encryption, and is fully compatible with any radio using Project 25 DES encryption.  When the radio is operating in the secure mode, the transmission of all tone squelch signals is disabled.

2.4.1 Algorithms.

The radio is capable of hosting two algorithms: Single-Bit Cipher Feedback (SBCF) DES (compatible with other manufacturers) 25 kHz channels and Project 25 OFB DES 12.5 kHz channels.

2.4.2 Key-Fill.

Key-fill is accomplished through the radio side connector using the PC Programmer or a Motorola ® DES/DES-XL Key Variable Loader (KVL).  The PC Programming cable or DES Encryption Keyfill cable is used to load the keys.  The radio can store up to 16 cryptographic encryption keys.  The radio retains encryption keys until they are rewritten or zeroized.

2.4.3 Zeroization.

The radio can immediately zeroize all encryption keys through the manual panic zeroize control.  Panic zeroization can be accomplished by pressing and holding the top key on the side panel and then pressing the emergency button.  The radio can also zeroize all encryption keys, or can selectively zeroize individual encryption keys, through the programming menu.  The emergency key can be programmed using the PC Programmer to panic zeroize all encryption keys.
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3.1 Functional System(s) Operation.

3.1.1 Architecture.

A single Digital Signal Processor handles all signal processing functions.  An H8 microcontroller is used to control the man-machine Interface (MMI) and implement other radio control functions.  Functionality partitioning is shown at Figure 3‑1.

3.1.2 Module Identification.

The control module stores an electronic serial number and modification status within non-volatile storage on the module.

3.1.3 Power-On Self Test (POST).

The software executes a POST automatically when the radio is switched on.  This test is capable of detecting and identifying faults that prevent the radio from operating.

[image: image12.wmf]
Figure 3‑1.  Racal 25 Block Diagram

3.1.4 Flash Software Upgrades.

The radio software can be updated in the radio using a PC and the PC Programming cable.  The update software (Updatexxx.exe) will either be sent via Email or in a zipped format on a 3.5" disk.  Updatexxx.exe is ready to use by double-clicking on the icon.  The zipped version must be extracted, using unzip software, prior to use.  Appendix E explains in detail how the upgrade is to be completed.  A Technical Service Bulletin with this information will be sent out with each upgrade software.

3.1.5 Voice Coder/Decoder (VOCODER).

The VOCODER uses an Improved Multi-Band Excitation (IMBE) voice-coding algorithm as specified in Telecommunications Industry Association/Electronic Industries Alliance (TIA/EIA)-102.BABA.  The IMBE VOCODER compresses a high-bit-rate waveform into a low-bit-rate data stream suitable for transmission over the channel.  The VOCODER operates at a net bit rate of 4.4 kilobits per second (kbps) for voice information and a gross bit rate of 7.2 kbps after error control coding.

3.2 Radio Control Software.

This software controls the transceiver and baseband signal processing functions.

3.2.1 Audio Control.

The H8 controls the analog audio signal processing. Audio for transmission comes from either the internal microphone or an external microphone through the side connector, they are wired in parallel to the microphone amplifier which is permanently powered.

Audio output is required when a voice message is received or a tone is generated by the MMI. To allow audio output the H8 sets either SPKRON or EXTSPKRON to allow audio out to the internal speaker or the side connector respectively. If an external audio accessory is detected by Who Are You (WRU) < 0.5 VDC, the audio is routed to the side connector.  Otherwise audio is routed to the internal speaker.  The sixteen (16)-position volume control knob is decoded and sent to the DSP through the controller software to control the output audio volume.

3.2.2 DSP Control Software.

The DSP implements most of the baseband signal processing in the radio.  Its function is controlled by the H8 controller through its host port.  The DSP operates in a number of basic modes, controlled by the H8 through the host port, these are:

· Idle
Current shut-down mode

released through the host port.

· Searching
Actively looking for a signal

on the IF input signal.

· Searching Paused
Search algorithm paused for

an economize cycle or frequency change.

· Active Receive
Actively receiving a 

message, initiated by detecting a signal or H8 command

· Transmit
Actively transmitting voice

or data.

· Key Fill/
Keyfill operations and key


Management
management tasks.

The DSP pages in different program images from the Flash for different modes of operation.  Typically one image is used for receive and standby modes, but a new image is needed for transmit and for key management operations.  The DSP can interrupt the H8 controller, and then pass data over the host port back to H8.  Interrupts from the DSP include the following events:

· Signal detected, with type data.

· Signal lost

· DSP BIT errors

· Paging request

In all active modes the H8 software must be able to write a number of parameters to the DSP and also read back a number of parameters from the DSP. This is implemented through the host port. The parameters used include:

· Searching
Reference oscillator temperature, used

by DSP to correct frequency offsets. AGC reset control used at start of  search period.

Search modes:

Analog:  bandwidth, squelch tones, squelch code, and squelch level.

Digital:  data rate, key, and algorithm

Project 25:  NAC and TGID
CVSD:  data rate

· Receive
Reference oscillator temperature, used 

by DSP to correct frequency offsets. Audio Volume.

Analog parameters: squelch controls, de-emphasis, and companding.

Digital parameters: data rate and key algorithm.

Project 25 parameters: NAC, TGID, BER, and Test mode.

CVSD:  data rate and key

Project 25 parameters read by H8: SS bits, low rate data (future), sender ID

· Transmit
Reference oscillator temperature, used

by DSP to correct frequency offsets.

Audio volume, sidetone on/off.

analog parameters: squelch controls and de-emphasis.

CVSD digital parameters: data rate and key

Project 25 parameters: NAC, TGID, key and low-rate data (future).

3.2.3 Transceiver Module.

The transceiver module is controlled through a synchronous serial bus from the H8 to the transceiver that allows the H8 to control: the synthesizer; two 4-channel 8-bit DACs; and a control shift register in the transceiver module.  Some of the DAC channels are set according to data in the transceiver Electronically Erasable Read-Only Memory (EEPROM) calibration tables.

3.2.3.1 Transceiver Module Mode Control.

The transceiver module mode of operation: transmit, receive or standby is controlled by the transceiver shift register and the CTX output of the FPGA.  The outputs are controlled as below:

· Spare
(SR bit 1)

· 3.3VRXSynth
(SR bit 2) 
Set in active receive

mode RXVCO enable.

· 3.3VTXSynth (SR bit 3) 
Set in active transmit

mode, TXVCO enable.

· 3.3VRXEnable(SR bit 4)
Set in active receive

mode receiver enable

· Spare
(SR bit 5)

· Spare
(SR bit 6)

· TX/RX
(SR bit 7)
Set in active transmit

mode, front end Tx/Rx control

· STD/SIDE
(SR bit 8)
Set to use radio 

antenna, reset to use side connector RF port

· CTX
(FPGA output)
Set in active transmit

mode to enable the RF power amplifier.

3.2.3.2 Transceiver Frequency Control.

The frequency of operation in both transmit and receive is controlled by the H8 setting the synthesizer through the serial bus.  To set the desired frequency: the appropriate Tx or Rx synthesizer enable S-R bit must be set; the serial data must be loaded into the synthesizer chip; and the DAC2 output A, synthesizer coarse tune,

must be set to the appropriate value for the frequency according to the EEPROM calibration table.  Synthesizer lock can be monitored by the OOL input. Once synthesizer lock is achieved the transmitter or receiver can be enabled with the appropriate control bits, 3.3VRX enable,  CTX and TX/RX.  Economizing the synthesizer function is implemented by controlling the 3.3VTXS/RXS bits and by controlling the EM main divider enable bit in the synthesizer control word. The synthesizer serial data need not be reloaded when coming out of economize if the frequency is unchanged.

3.2.3.3 12-Bit DAC

DACLDA, DACADCCLK, and DACDOUT are used to control the 12-bit DAC for IFAGC, TXVCOMOD, REFOSCMOD, and VATT.

3.2.3.4 Transceiver Reference Oscillator Temperature Compensation.

The H8 software constantly monitors the reference oscillator crystal temperature using the XTALMON line.  The temperature data is then used to lookup a compensation factor in the transceiver EEPROM calibration table.  This compensation factor is then written into the DSP when it is added as a DC offset the reference oscillator modulation signal, and used as a DC offset to the same in receive modes.

3.2.3.5 Transceiver Receiver Control.

The linear receiver chain is enabled by setting 3.3VRXE.  The DSP implements a software AGC system to control the gain of the linear receiver chain.  The H8 controller can monitor the actual received signal level by reading RSSI.  At all times during receive the RXVTF DAC2 output C must be set to the value in the EEPROM calibration table corresponding to the receive frequency being used.  This sets the receiver front end tunable filter to be centered on the desired frequency.  At all times in receive modes the 2nd LO DAC2 line output B must be controlled using data from the EEPROM calibration table indexed with the reference oscillator temperature data XTALMON.  Temperature compensates the second LO in the receiver chain.

3.2.3.6 Transceiver Transmitter Control.

The radio uses a complex H8 software based algorithm to control the transmit power of the radio dynamically. The inputs to the power control algorithm are:

· The requested power level: 0.1, 0.5, 1, 2 or 5W

· PA calibration data in the EEPROM

· Supply voltage, BATMON - used for monitoring

· The transmit frequency

· PA current - used for monitoring

· PA temperature - used for monitoring

The power control algorithm takes these inputs and uses them to control the following outputs to provide a steady RF power output with a clean rise and fall at switch on/off.

· PWRSET
Sets the power  level in the


(DAC1 output A)
power amplifier ALC loop.

· PABIAS1
Adjusts the bias in the final


(DAC1 output B)
driver stage.

· PABIAS2
Adjusts the bias in the final


(DAC1 output C)
driver stage.

3.2.3.7 Transceiver Tx/Rx Switching.

The basic principle of events needed to quickly switch the transceiver module from receive to transmit and back again is to shut down the current mode, lock the synthesizer up in the new mode on the new frequency (it will always be different), then enable the transmitter or receiver as required.

3.2.3.8 Receiver Scanning.

In some scanning modes it is necessary for the radio to scan a number of channels looking for traffic, controlled by the H8 software.  The basic requirement is to change the synthesizer frequency, and RXVTF and Synthesizer Tune DACs, and resume searching on the new frequency.  The DSP may have to be informed of new traffic parameters to search for on each new frequency.  Scanning is interrupted when the DSP detects a signal of interest.

3.2.4 DC Power Control.

The H8 controller software controls the power supply switching in the radio.  The control software algorithm uses the following inputs:

· /PWROFF
This input indicates the current

position of the radio on/off switch and the side connector off line.

· WRU
Indicates if the radio is fitted into a

harness providing external power

· /LBOUT
Indicates that the supply voltage at the

minimum that is required for correct operation.

· BATBUS
Battery serial bus indicates whether a

Smart battery is connected, and if so its charge state.

· BATMON
Indicates the voltage on the main 

radio supply from battery or external power source.

These inputs are used to control the following FPGA outputs:

· PWRHOLD
Set during normal operation, used to

hold the radio on regardless of the on/off switch.  When /PWROFF indicates that a switch off is required, a clean software shut down is executed followed by release of the PWRHOLD output.

· BATOFF
This output can be reset to prevent

current flowing out into the battery from an external power source. This line is set when the battery indicates it is fully charged and an external power source is being used as the primary radio power.

Additionally the /LBOUT interrupt is used to execute a fast shutdown of the software when the supply voltage drops below that needed for normal operation or when the power source is removed without switching the radio off.

3.2.4.1 Power Supply Frequency Control.

The power supply control software controls the switch mode power supply frequency output according the RF frequency being used.  The frequency is checked and changed if necessary at every transceiver synthesizer frequency change.

3.2.4.2 Battery Interface

The battery interface software implements a single-wire bi-directional serial interface to the Benchmarq ® power gauge device in the smart battery pack.  The battery interface software provides an interface to read the battery voltage register and the compensated available capacity registers in the power gauge.  Data is read out of the battery at power up, then at least every minute, and within five seconds of every transmit exit.  The battery interface software includes timeouts to start again in case of errors, to cope with the situation where a charger may be accessing the battery at the same time as the radio, and a clash on the serial bus occurs.

3.2.5 Monitoring

The H8 software monitors the following signals:

· Out-of-Lock
In all active modes, every 100 ms.

· EPTT/RTS
In all modes, every 20 ms.

· RSSI
In receive modes, every 100 ms.

· WRU
In all modes, every 1 second.

· Battery Volts
In all modes, every 5 seconds.

· PA Temp
In transmit modes, every 1 second.

· REF Temp
In all modes, every 5 seconds.

· PA Current
In transmit modes, every 1 second.

3.2.6 Radio Control Drivers.

A number of low level software drivers are used by the H8 to interface to the transceiver hardware.

3.2.6.1 Audio/Power Supply Unit (PSU) Driver.

A serial interface driver controls the output bits of a serial to parallel output shift register in the FPGA.  Clock and data source for this shift register is the same serial port used for the MMI serial bus, but data is directed to the shift register using high-order H8 address lines.

3.2.6.2 Transceiver Serial Bus Driver.

A serial interface driver is used to control the transceiver shift register, DAC, and synthesizer.  This interface uses a common clock and data line, and three separate strobe lines for each device.

3.2.6.3 Digital Signal Processing (DSP) Host Driver.

The H8 software includes a DSP host driver for controlling the DSP mode of operation, and initial start-up code download.

3.2.6.4 BATBUS Driver.

The H8 software includes a driver to implement the smart battery serial bus.

3.2.6.5 IIC Bus Driver.

The H8 software includes a driver to allow the controller software to read and write to the transceiver EEPROM using IIC protocols.  The two lines are general purpose I/O lines controlled on a bit-by-bit basis by the software

3.3 Digital Signal Processing.

The DSP software implements all baseband signal processing in the radio.  It processes signals between the user audio and data interface, and the transceiver modulation and Intermediate Frequency (IF) interfaces.  The signal processing provides compatible analog FM modes, Common Air Interface (CAI) compatible modes, and 12 kbps secure CVSD modes.

3.3.1 DSP Transmit Chain.

Signal processing while the radio is transmitting depends on the radio's operational mode.  The possible modes are Clear Analog Voice FM, CVSD DES Voice, Project 25 Clear Digital Voice, and Project 25 DES Digital Voice.  The DSP Transmit Chain Block Diagram is shown at Figure 3-2.  The major signal processing functions of the DSP transmit chain are described in the following paragraphs.

3.3.1.1 Audio Coder/Decoder (CODEC).

The Racal 25 uses a Texas Instruments ® TLV320-AC36 Audio CODEC.  Data is transferred to and from the CODEC using the DSP Enhanced Synchronous Serial Interface (ESSI) 0 port.  The data word is sixteen (16) bits long.  The first thirteen bits are the two's compliment audio sample, the last three are the volume control word in receive direction (DIN) and are zero padded in the transmit direction (DOUT).  The DSP currently sets volume control bits for no attenuation and the volume is controlled by scaling the signal prior to sending it to the CODEC.  The sample rate from the CODEC is 8 kilo-samples per second (ksps).

3.3.1.2 Audio Processing Module.

The Audio Processing Module receives audio input from the Audio CODEC, applies filtering and Automatic Gain Control (AGC), then transmits it to the mode-specific formatting module.  The audio filter has a pass band from 300 Hz to 3 kHz.  This module also transmits DTMF tones to the Audio CODEC.  DTMF over-dial is supported to allow redirection through the phone network via a base station.  Data is transferred to and from the CODEC under Interrupt Service Routine (ISR) control.

3.3.1.3 Project 25 Voice Module.

The Project 25 Voice Module performs framing and conversion tasks.  The framing Function uses it's own task table to build a CAI TDMA frame.  This includes compression of the voice signal using the IMBE VOCODER, forward error correction, and encryption.  The physical layer task converts a 4.8 ksps dibit data stream into a 48 ksps real sampled waveform, which is then fed to the Modulation Module.  The physical layer scales each dibit symbol so that the proper frequency deviation is attained.  It also applies raised cosine filtering for control of inter-symbol interference.
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Figure 3‑2.  DSP Transmit Chain Block Diagram

3.3.1.4 CVSD DES Module

Audio data from the Audio Processing Module is sent to the audio circular buffer.  The sample rate is then increased from 8 ksps to 12 ksps.  The CVSD encoder encodes the data and sends it to the transmit CVSD audio circular buffer.  The data is then DES-encrypted and differentially encoded before being sent to the physical interface buffer.  The CVSD physical layer converts the CVSD encoded, DES encrypted 12 ksps data stream into a 48 ksps waveform suitable for processing by the Modulation Module.  The module contains a Finite Impulse Response (FIR) raised cosine filter that acts as an interpolation filter.  The end of a transmission is signaled by transmitting an End of Message (EOM) indicator, which consists of 160 ms of alternating ones and zeros.  This allows the receiving radio to squelch the audio output before the radio stops transmitting.

3.3.1.5 Analog FM Module

Audio data entering the Analog FM Module is sent through a linear-phase, FIR, audio-shaping filter.  Interpolation from 8 ksps to 48 ksps is accomplished using a linear-phase, FIR filter.  A single-quadrant sine Look-Up Table (LUT), using fractional addressing and quadrant folding, is used to generate CTCSS tones.  If the DCS audio turn-off code is to be transmitted, the tone is fixed at 134.4 Hz and the codes are transmitted at a rate of 134.4 bits per second (bps), which is derived using the CTCSS tone generator.  The DCS data stream is passed through a raised cosine filter before being added to the speech.  The 8 ksps audio stream, with CTCSS/DCS controls, is interpolated to 48 ksps before being sent to the Modulation Module.

3.3.1.6 Modulation Module

Modulation Module prepares the signal for transmission.  The signal is split into a reference oscillator signal and a Voltage Controlled Oscillator (VCO) signal.  This allows independent scale and offset values for each signal.  A modulation balance variable scales the reference oscillator voltage, so that the maximum frequency deviation is constant for all RF channels.  A transmit modulation variable does the same for the VCO signal.

3.3.1.7 Transceiver Interface

The transceiver Digital to Analog Converter (DAC) has four output ports, two of which are used to modulate the carrier.  One of the two channels is used to maintain carrier frequency accuracy.  On transmit channel changes, the controller provides the DSP with two fractional values used to scale the two signals output from the DAC.  The controller provides the DSP with an additional integer value at one second intervals, that is added to one of the DAC output signals to control carrier frequency accuracy.  The modulation interface receives modulation data samples at 48 ksps, independent of transmit mode.  When the radio is operating as a transmitter, the transceiver interface controls the operation of the DAC via ESSI 1 on the DSP.  Data is written to the DAC at 96 ksps.

3.3.2 DSP Receive Chain

The radio receive chain hardware consists of an RF transceiver board, Analog to Digital Converter (ADC), a Motorola ® DSP 56302 or DSP 56309, and an Audio CODEC.  The DSP Receive Chain Block Diagram is shown at Figure 3-3.  The major signal receive functions of the DSP receive chain are described in the following paragraphs

3.3.2.1 Transceiver

The RF transceiver board performs mixing and filtering of the received signal to produce a 455kHz, 25 kHz Bandwidth (BW), IF signal.  The output signal from the transceiver is digitized by the ADC and fed to the DSP.  The bulk of signal processing is performed by the DSP.  An ISR that implements the Transceiver/ ADC/DAC interface is called at a rate of 96 kHz in receive modes.  The ISR reads ADC output data and stores the values in a circular buffer and controls data transmission to the DAC.

3.3.2.2 FM Demodulator

The FM Demodulator converts the FM output of the transceiver to a real-valued, baseband signal.  The FM demodulation is implemented by a discriminator task.  Sub-sampling the 455 kHz IF at 96 kHz folds down the signal to 25 kHz.  A mixing function mixes the sampled IF data in the input buffer before filtering,  For 12.5 kHz channels, a second filter is applied to the IQ data stream.  Calculating the angular difference between consecutive IQ pairs demodulates the received signal.

3.3.2.2.1 Analog to Digital Converter.

The ADC sub-samples the 455 kHz first IF producing a frequency translation as part of the sampling process, since the signal BW is much less than the 455kHz carrier frequency.  The ADC sampling rate is 96 ksps.

3.3.2.2.2 25 kHz Frequency Translation.

The 25 kHz frequency translation converts the signal image into a baseband signal, centered at 0 Hz.  DSP implements the digital equivalent of a mixer to perform frequency translation.

3.3.2.2.3 IF Filtering

The complex baseband signal is sent through two linear phase, FIR filters.  The first IF filter is implemented as a decimate by two, polyphase, FIR filter and is applied to the 96 ksps, complex, baseband output of the 25 kHz mixer.  This filter removes some of the out-of-band noise produced by the nonlinear analog components of the transceiver.  CVSD DES and Analog Wide modes have a 25 kHz BW and the first IF filter is the only filtering performed for these modes.  Project 25 and Analog Narrow modes have a 12.5 kHz BW, and the second IF filter provides the filtering required for these modes.  The second filter is applied to the 48 ksps output of the first IF filter.

3.3.2.3 Signal Detectors

The radio uses three signal detectors to detect the presence or absence of a modulated signal in the tuned channel.  These signal detectors search for Project 25, Analog FM (including noise, CTCSS, and DCS), and CVSD DES signals.

3.3.2.3.1 Project 25 Detector.

The Project 25 frame detector detects a Project 25 signal by searching for the Frame Synchronization (FS) signal and Network Identifier (NID)that are embedded in the preamble of every project 25 data unit.  The detector uses this information to perform bit recovery and packet identification.  It processes and buffers the binary data for use by the Project 25 Voice Module.  Once a target signal is detected, the radio disables squelch using an enable transmit function, so the signal can be monitored by the user.  If the detected signal is lost, squelch is enabled by the shutdown active receive function.

3.3.2.3.2 Analog FM Detector

The Analog FM Detector uses a function to decimate the incoming data stream by six, and run the noise detector, CTCSS single-tone detector, CTCSS multi-tone detector, and DCS multi-code detector.  A noise squelch detect function detects the appearance of a carrier by searching for a drop in power in a frequency band just above the audio band.  In the analog noise detector, the input data is scaled and high-pass filtered, then rectified and scaled again. Then the data is low-pass filtered.  The output of the low-pass filter is used to determine whether or not a signal is present.
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Figure 3‑3.  DSP Receive Chain Block Diagram

The detector has two states: SEARCHING and LOCKED.  If the detector state is SEARCHING and the detected power drops below the lower squelch threshold, the detector state transitions to LOCKED.  Conversely, if the detector state is LOCKED and the detected power rises above the upper squelch threshold, the detector state transitions to SEARCHING.  Upper and lower threshold values are BW dependant and can be adjusted at run time.

The multiple-value DCS detector searches for a 134.4 bps bit stream in the sub-audible frequency band used for DCS codes.  If found, the code is extracted and appropriate state variables are updated.  Code extraction is performed in two steps: first the input data is converted to a binary bit stream and second, data extraction, and code comparisons are performed.

The conversion of the input data to a binary bit stream starts with the 8 ksps input data being sent through a decimate by six, FIR filter to produce a 1.33 ksps, real valued data stream.  This filter removes any signal energy outside of the sub-audible frequency band.  The data is then split into two paths.  The lower path estimates the Direct Current (DC) content of the signal with a very narrow low pass Infinite Impulse Response (IIR) filter.  Subtracting the lower path signal from the upper path signal removes the DC component from the upper path signal.  Following this, the resulting signal passes through a single-bit quantizer and the output is buffered for use by the code removal step.  Data extraction, and DCS code comparisons are then accomplished.

3.3.2.3.3 CVSD DES Detection

Detection of CVSD DES waveforms is performed by a secure detection function.  This function also recovers the 12 kbps bit stream from the 48 ksps input signal.  The detector looks for a 12 kbps data stream to determine if a CVSD signal is being received.

3.3.2.4 Project 25 Voice Module

The physical layer task extracts FS, NID, SS symbols, and data.  All other dibits are passed to the receive framing task.  The module performs recovery and symbol extraction based on frame synchronization using a correlation detector.  Carrier frequency offset compensation is followed by symbol extraction and error-correction decoding.  VOCODER data and Project 25 framing data is removed and secure mode decryption is performed.  The VOCODER converts the compressed voice data stream to a 8 ksps audio data stream that is sent to the Modulation Module.

3.3.2.5 Analog FM Module

The analog FM module performs two tasks.  The Detection Task uses a FIR filter to down-sample the FM demodulated bit stream from 48 ksps to 8 ksps.  It then uses four detectors (noise, single-tone CTCSS, multi-tone CTCSS, and multi-code DCS) to determine signal squelch.  The Post-Detection Audio Shaping Task applies de-emphasis on/off filtering to a received clear analog signal.

3.3.2.6 CVSD DES Module

The CVSD DES Module consists of a 12 kbps clock detection/recovery task, a 12 kbps symbol resolver, a differential decoder, a DES decoder, a 12 kbps CVSD decoder, and a 12 ksps to 8 ksps sample rate converter.  The input to the clock detection algorithm is a 48 ksps data stream, representing the sampled FM demodulated carrier.  To allow for variation in carrier frequency, the DC component of the demodulated carrier is removed before zero-crossing detection.  From a zero-crossing phase profile, a decision can be made whether a 12 ksps data stream is present on the demodulated carrier and a 12 kHz clock can be recovered for usage within the 12 kbps symbol resolver.  Differential encoding of the binary FSK modulation is used to ensure compatibility between manufacturers, in that either a positive or negative frequency shift can be used to represent a "1" symbol.  In the CVSD receive chain, differential decoding precedes one-bit cipher feedback DES decoding.  To conserve memory and aid processing efficiency, all symbols (encoded and decoded) are packed in memory.  The 12 kbps CVSD decoder is modeled after FED-STD-1023.

The decoder consists of a Modulation Level Analyzer (MLA), a Syllabic Filter, a Pulse Modulator, a Principal Integrator and a Comparator.  The output of the CVSD decoder is at 12 kbps that must be changed to 8 ksps for output by the CODEC.

3.3.2.7 Audio Processing Module

A audio receive task function and a audio filter is used to output Project 25, clear analog, or secure analog speech samples to the CODEC.  When in active receive modes, the ISR is enabled and the task outputs data to the CODEC circular buffer as data is being written to it's audio input circular buffer.

3.3.2.8 Audio CODEC

The Audio CODEC and the DSP interface using the DSP ESSI 0 port.  The serial clock to the CODEC operates at 2.048 MHz, and is derived from the DSP internal clock.  ESSI 0 is configured to operate using a frame rate divider of sixteen (16) and a word length of sixteen (16) bits, transmitting packets of encoded audio to the CODEC at 8 kHz.  The CODEC is used in a linear decode mode, where thirteen (13) bits are used to represent the full audio range.  The post-processed DSP signal is fed to the Audio CODEC, which converts the signal to an analog waveform, applies gain, and routes it to the appropriate output device.

3.3.3 DSP Software

The program data for the DSP is stored in 64K Flash program blocks.  The data is stored as unpacked bytes.  The blocks used for the DSP software are dedicated so that selective upgrades of this code only are possible.

3.4 Keypad MPU Software.

3.4.1 Overview.

The keypad Micro-Processor Unit (MPU) provides the direct interfaces to the radio keypad and switches. It communicates with the main controller via a synchronous bi-directional serial link.

3.4.2 General.

The software is designed so that processor activity and hence current consumption is minimized.  The only continuous operation required is the keypad scanning and switch reading.  The keypad MPU is clocked by an external clock at 1.5 MHz, and the hardware reset supplied from the main controller.

3.4.3 Keypad Scanning.

The keypad scan software continuously scans the keypad at a rate of a row every 10ms.  A debounce period of 40ms is used on key presses and key releases. The key scan software deals with simultaneous key presses and key rollovers, such that only single key presses are validated. Debounced and validated key presses are passed to the serial data output buffer.

3.4.4 PTT Input.

The inputs from the momentary input switches, PTT and the Auxiliary keys are read every 10ms. and are debounced for 40ms.  The validation software filters out simultaneous presses of the auxiliary keys and key rollover between them.  Simultaneous presses of the PTT switch and one auxiliary key are allowed.  Debounced and validated auxiliary key presses and PTT press and releases are passed to the serial data output buffer.

3.4.5 Switch Input.

The inputs from the rotary switches and toggle switch are read at least every 40ms.  Changes in state are debounced for 100ms.  Debounced new switch positions are then passed to the serial output buffer.

3.4.6 LED Output.

The outputs to the LED are controlled under instruction from the serial port.  It is possible to set both outputs off, set the red LED on, set the green LED on, set both LEDs on (orange), and to flash either or both on a 50% duty cycle at a controlled rate of approximately 1 Hz.

3.4.7 Backlight Control.

The two LCD backlight controls to set bright and dim operation are controlled under instruction from the serial port.  The keypad uses a fixed level backlight operation.  A timeout facility, to switch off the backlight after 30 seconds if not requested by the main controller, is provided.

3.4.8 Serial Interface.

The keypad controller implements a synchronous bi-directional serial interface using its serial port that allows it to interface to the main controller.  The serial data clock is always sourced by the main controller.  To allow autonomous transfers from the keypad controller a separate Keypad interrupt line is provided with the interface.  The interrupt line is used to request 8 clocks from the main controller to transfer data from the keypad.  The LCD Chip Select (CS) input line is used to distinguish between serial data for the keypad controller and LCD driver.  The serial interface supports the following transfers:

· Keypad to Controller

· Keypad power up OK

· Keypad error 1-n

· Key press 1-16

· Key release 1-16

· PTT press

· PTT release

· Volume Switch 1-16

· Channel Switch 1-16

· Toggle switch 1-3

· Auxiliary key press 1-3

· Emergency key press

· Controller to Keypad

· Request current switch status

· Reset, execute BIT test

· Backlight off/bright/dim

· LED off/red/green/yellow/flash/flash rate

· Keypress request, interrupt acknowledge

LCD data transfers are in blocks of 80 bytes maximum, to allow a pause on the serial interface at least every 100ms for the keypad MPU to assert the interrupt and transfer keypress or switch change data. During the LCD data transfers, the key data are buffered in the keypad MPU.

3.5 Data Interface.

The DSP incorporates a user data interface through its SCI port

3.5.1 CAI Data Interface.

The DSP supports an asynchronous data interface for CAI modes using its SCI port.  This interface conforms to the CAI Data Peripheral Interface.  It uses standard V24, and RS232 baud rates up to 9600 baud.  The software also controls the associated flow control signals Data Terminal Ready (DTR) input to DSP and Clear to Send (CTS) output from DSP.  The Request To Send (RTS) input to the radio for this interface is processed by the H8.

3.5.2 Synchronous Serial Data Interface.

The DSP supports a 12 kbps synchronous serial port using its SCI port. The interface is half duplex, uses a DSP generated clock, and includes minimum data buffering within the DSP and RTS/CTS flow control on the transmit function.

3.5.2.1 Receiver Synchronous Serial Data Buffering.

In receive synchronous serial data modes the DSP software uses a variable length First In First Out (FIFO) buffer to cope with differences in clock rates between the transmitter and receiver.

3.5.3 CAI Data Link Layer.

This software provides the link between the raw voice or data bit streams and the data formats required to implement a 9.6 kbps CAI compatible interface.

3.5.3.1 CAI Transmit Voice Mode.

The DSP software takes the 144 bit voice code words (encrypted or not) and a number of link control fields set by the host H8 or from the DES system, and formats CAI-compatible logic link data units.

3.5.3.2 CAI Transmit Voice Test Modes.

The DSP software is capable of transmitting the CAI voice silence test pattern, the CAI 1 kHz test pattern, and a 9x144 bit (1296) PRBS test pattern used for error rate tests.  These test modes are controlled by the H8 controller.

3.5.3.3 CAI Receive Voice Mode.

The DSP takes the 9.6 kbps CAI-compatible data stream and framing, split out the voice data for passing to the VOCODER.  The DSP decodes the link control words so that the link control fields can be read by the host H8, and the encryption synchronization information is available to the encryption process.  The CAI receive processing is initiated by the frame synchronization correlator trigger.  When this is asserted the next 64 bits of Network Identifier (NID) data are decoded and checked.  If the NAC code matches the one selected for the channel, voice or data processing proceeds, otherwise the physical layer will be forced back into search mode.

3.5.3.4 CAI Receive Voice Test Mode.

The DSP software is capable of testing the 9 voice code words received in a CAI frame against a known 144 x 9 PRBS segment.  The total number of errors in that frame is then output to the H8 controller.  This test mode is controlled by the H8 controller.

3.5.3.5 CAI Transmit Data Mode.

The DSP selects the  user data (encrypted or clear) and a number of link control fields set by the host H8 or from the DES system, and formats logic link data units, compatible with the CAI at 9600 bits/second.

3.5.3.6 CAI Receive Data Mode.

The DSP selects the 9.6 kbps CAI-compatible data stream and framing, splits out and decodes the data for passing to the user data port.  The DSP decodes the link control words so that the link control fields can be read by the host H8, and encryption synchronization information is available to the encryption process.

3.5.4 Transmit Physical Link Layer.

This software uses common modulator interface software and a number of mode dependent physical link layer software modules.

3.5.4.1 Transmit Modulation Interface.

The software provides a common interface to the dual modulation Digital to Analog Converters (DACs) in the transceiver through its SSI serial port 1 for all transmit modes.  In transmit modes, the SSI uses an externally sourced clock at 3072 kHz.  This interface takes frequency deviation samples at 48 kHz, and writes each value scaled by a fixed number set by the host to both the reference oscillator DAC and the VCO DAC.  Additionally a host-controlled DC offset is added to the reference oscillator DAC value.

3.5.4.2 Transmit CAI Physical Link Layer.

This software takes the 9.6 kbps CAI-compatible data stream and converts it to 48 k samples of frequency deviation data.  To achieve this the software implements the dibit to symbol mapping and Nyquist and shaping filters as described in the CAI.

3.5.4.3 Transmit Analog FM Physical Link Layer.

This software takes the 8 ksps filtered audio and converts it to 48 ksps of frequency deviation data compatible with TIA/EIA-603 in 12.5kHz and 25kHz modes. The signal processing used is additional high pass filtering to reduce the energy in the DCS tone band, audio band pre-emphasis if required, DCS tone addition, deviation limiting and smoothing.  Software is capable of operation in 12.5 kHz, and 25 kHz channel spacing with appropriate deviation scaling. The software is capable of: appending a phase reversed tone burst of 180 ms as defined in EIA-603, generating DCS and audio turn-off codes, and companding the voice signal in 12.5kHz mode.

3.5.4.4 Transmit CVSD Physical Link Layer.

The transmit CVSD physical link layer converts the 12/16 kbps CVSD data stream and converts it to 48ksps of frequency deviation data. The software implements a pre-modulation filter with raised cosine time response and 100% eye height.

3.5.5 Receive Physical Link Layer.

This software uses common FM demodulation software, and mode dependent receiver physical layer software modules.

3.5.5.1 Receive ADC and DAC Interface.

In receive modes the SSI port 1 is used in a duplex manner to allow the ADC to be read continuously at 96 kHz and the DAC to be written to at up to 48 ksps for AGC and reference oscillator adjustment.  In receive modes the SSI port is clocked at 1536 kHz from an external clock source, using a sixteen bit cycle.  Every cycle a value is read out of the ADC.  Every other cycle a value may be written to one of the DAC channels to control the AGC and reference oscillator.

3.5.5.2 FM Demodulator.

This software provides a common interface to the 96 ksps IF signal at the SSI port 1 and produce 48 ksps of frequency deviation data for use in all modes.  The SSI port uses an external clock at 1536 kHz.  The software implements an FM demodulator function using a quadrature mix with a 24 kHz (Fs/4) local oscillator, dual I and Q channel filters and a frequency estimator.  The channel filtering function is programmable dependent on the channel spacing being used.  The channel filtering provides the adjacent channel filtering additional to that provided by the hardware needed to achieve the radio adjacent channel rejection performance.

3.5.5.3 Receive CAI Physical Link Layer.

This software takes the 48 ksps of frequency deviation data and outputs a 9.6 kbps data stream. The software implements an integrate and dump filter and data slicer as described in the CAI.  The integrate and dump filter is controlled by a clock recovery function which selects one of ten possible phases for output to the slicer.  The slicer incorporates an averager with a time constant of at least 100 bits to correct for DC offsets in the received signal.

In parallel with the above, a FIR correlator searching for the CAI fixed framing sequence of 24 symbols operates on the filtered 48 ksps of frequency deviation data.  The correlator therefore operates at 10 samples per symbol.  The correlator phase that has the highest correlation peak is used to select the clock phase for use in the integrate and dump filter, and slicer.  This correlator operates continuously when searching for CAI traffic and occasionally when tracking an CAI signal when subsequent frame syncs are expected.  The correlator trigger is used to provide a framing signal for the subsequent CAI data link layer processing.

3.5.5.4 Receive Analog FM Physical Link Layer.

This software takes the 48 ksps frequency deviation data and outputs 8 ksps of audio to the receive audio processing.  The software signal processing implements a high pass filter to remove CTCSS tones and de-emphasis if required.  The gain of the signal path is adjusted to cope with the different deviations used on different channel bandwidths.  The signal processing signal path is controlled by squelch signals.  The software includes audio expanding to reverse the transmit companding.

3.5.5.5 Receive CVSD Physical Link Layer.

This software takes the 48 ksps frequency deviation data and output 12/16 kbps serial data. The software implements a data filter, a slicer and a clock recovery function.

3.5.6 DES Encryption.

The DSP software implements DES encryption of traffic in CAI modes and CVSD modes.

3.5.6.1 DES Kernel.

The DSP software implements the DES encryption kernel as described in FIPS 46-2, encrypting 64 data bits using a 56 bit key using output feedback operation or single bit cipher feedback operation.

3.5.6.2 CAI Encryption.

The DSP software uses the DES kernel software to implement the CAI encryption of voice traffic as described in TIA/EIA/IS-102.AAAA.  The encryption key is supplied by the key manager.  In transmit, the Message Indicator (MI) vector is passed to the data link processing for encoding and transmission.  In receive, the MI vector is decoded by the data link layer, and flywheeled if decoding fails for up to n frames TBD.

3.5.6.3 DES Data Link Layer.

This software encrypts and decrypts the 12 kilobits of CVSD data using the DES kernel.  In transmit, framing synchronization data and the MI vector are inserted into the data stream.  In receive, the software searches for and extracts the framing data and MI data.  The bit definitions and formats used are defined in the DES protocol.

3.5.6.4 Key Interface.

This software provides an interface for inputting DES encryption keys from the DSP SCI port using synchronous data transfers with an external clock, conforming to the Motorola KVL data transfer mechanism and the CAI DES keyfill protocol.

3.5.6.5 Key Bank.

The radio maintains a bank of up to 16 encryption keys stored in the flash memory.  Associated with each key are a Key ID, Key Data, and an eight character alpha-numeric tag.  Each encrypted channel is assigned one of the 16 keys for both secure transmit and secure receive modes.  Channel key assignment is accomplished via selecting the corresponding key tag.  Upon entering secure transmit or secure receive mode, the H8 transfers the appropriate encryption key to the DSP through the SCI port.

3.5.7 Host Interface.

The DSP is controlled through its host interface by the H8.  It initially boots up through this interface.  The host interface is used for DSP mode control, encryption key transfer, link control data transfer, low rate data transfer, frequency variable data transfer, CTCSS mode control, and initial software download.

3.5.8 Flash Interface.

The DSP also has direct access to the main radio Flash memory through the H8 bus arbitration logic.  This interface is used for software downloads using byte-wide Direct Memory Access (DMA) transfers under host control for mode changes.  The DSP software does not write to the Flash memory.

3.5.9 Paging.

The DSP software is designed such that normal operation does not involve off-chip bus accesses.  This means that the program code size must be limited to 24k words and the data memory to 10k words.  A number of program images corresponding to different modes are allowed, with paging of images out of the Flash by DMA at mode changes allowed.  The minimum subdivision of images used corresponds to the following modes plus a continuously resident core host interface function.

· Initialization/POST

· Receive 12.5 kHz

· Receive 25 kHz

· Transmit 12.5 kHz

· Transmit 25 kHz

· Keyfill

The paging DMA mechanism is controlled by the host H8 and allows the transfer of a program image within 50ms.

3.5.10 Hardware Control.

The DSP software controls the DSP clock rate through the Phased Locked Loop (PLL) output divider such that the DSP clock rate is dynamically matched to the mode of operation, in coarse steps for example, between searching and tracking receive modes.  The DSP software is designed to use low current wait modes in pauses between processing to minimize current consumption.  The host is also able to request a very low current idle mode in the DSP, this mode is released by the Host.

3.6 Controller Software.

3.6.1 Overview.

The controller software has overall control of the radio, including Man-Machine Interface (MMI) operations, and control of the DSP and transceiver.  Figure 3-4 shows a block diagram of the controller software.

3.6.2 Environment.

3.6.2.1 General.

The H8 controller system is designed for minimum external bus activity and minimum current consumption.  These features are provided by the maximum use of low current standby modes in the H8, and an interrupt driven architecture, with the minimum of input polling.  In radio standby and receive modes the only H8 tasks are the control of the transceiver frequency and DSP mode as the radio scans, and economizes. The most H8 intensive activities are associated with MMI interactions with the user, and operations on the fill/program/control port.

3.6.2.2 Scheduler.

The H8 operates with a simple scheduler that launches tasks after interrupt events.  A timebase interrupt of 10ms is used to keep track of time and poll inputs at regular intervals.

3.6.2.2.1 Interrupt Sources.

The following interrupt sources are used in the H8:

· MMI Interrupt
External interrupt from keypad

· DSP Interrupt
External interrupt from the

DSP, signal detected etc.

· Low Battery
External NMI from power

supply indicates power supply fail

· Timer Interrupt
Internal timebase tick interrupt 

every 10ms

· PC Serial Port 
Internal interrupt from PC

Interrupt serial port

Figure 3‑4.  Controller Software Block Diagram
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3.6.2.2.2 Polled Inputs.

The following inputs are polled by the H8 software at regular intervals.

· EXTPTT/RTS
External PTT and data RTS

· OOL
Synthesizer Out of Lock

· PWROFF
The on/off switch position

· SENSE
External keyfill device detect

ADC as regularly as appropriate to the radio mode of The following analog inputs are measured with the operation.

· RSSI
Receiver signal strength

· WRU
External Device Detect

· BATT
Main radio 10V supply monitor

· PA TEMP
Transmitter temperature

· XTAL TEMP
Reference crystal temperature

· PA CURRENT
Transmitter Current

3.6.2.2.3 Watchdog.

A regular watchdog service task is scheduled to prevent the H8 watchdog controller overrunning and a hardware reset occurring. The target watchdog timeout is 100/ 200ms.

3.6.2.3 Start-Up Software.

3.6.2.3.1 Boot Block Start-Up Software.

The minimum simplest start-up software is provided in the boot block of the Flash.  This software holds the keypad, DSP, MMI and Field Programmable Gate Array (FPGA) in reset, then establish if a valid H8 program image exists in the program blocks of the Flash.  If no valid program exists a simple alarm is sounded. T he boot block software includes a minimum basic BIT facility to check the code itself and internal and external Random Access Memory (RAM).  The boot block code also includes the software to allow programming of the program blocks of the Flash through the PC serial port.

3.6.2.3.2 Full Start-Up Software.

If a valid H8 program image exists the full start-up code is executed.  This involves: initializing RAM, DSP, keypad, MMI, FPGA, transceiver etc.; executing the start-up BIT; and then transferring control to the main scheduler.

3.6.2.3.3 FPGA Configure Software.

At start-up the H8 configures the FPGA using data from the main Flash memory and transferring it via a synchronous serial bus to the FPGA.

3.6.2.4 Shut Down Software.

At normal shut down when the on/off switch is switched off the H8 software executes a clean shut down to shut down the transceiver, DSP and MMI, save any usage data to the Flash, then release the main power supply.  In cases where the battery is removed the Low battery interrupt is used to execute a minimum fast shut down, just saving RAM data as required, with no Flash update.

3.6.2.5 Debug Driver Software.

The H8 controller includes software to implement an asynchronous serial port on two Input/Output (I/O) pins of the H8. Facilities provided include the ability to monitor particular radio variables, and to control specific variables. This port is used to allow PC serial access to the board at board level factory test, through the test connector.

3.6.3 Radio Store.

The radio data store is accessed by all functional areas of the controller software, including the MMI, fill control and radio software.

3.6.3.1 Physical Data Storage.

The radio data is physically stored in 4 devices all accessible by the controller software.

3.6.3.1.1 H8 Internal RAM.

The H8 controller has 2k x 8 of internal RAM. This data is not retained when the radio is switched off or the battery is removed. It is used for short term storage of  frequently accessed variables, stack workspace etc. to minimize the bus activity when the H8 controller is running.  The internal RAM is used as program space to execute from during some Flash update operations.

3.6.3.1.2 External RAM.

The H8 is provided with an external 128k x 8 bit RAM that is backed up for at least 30 sec when the radio battery is removed, and also at all times when a battery is fitted even when the radio is switched off.  This device is used as a variable data expansion area, and to store specific user-entered data which must be retained over battery changes (the unlock password etc.)

3.6.3.1.3 Flash ROM.

The H8 is provided with 512k x 16 bit Flash Read-Only Memory (ROM) that is primarily used for program storage. The data in the Flash is retained permanently.

Different areas of the Flash have different characteristics:  The boot sector is a 16k block that is used for the reprogramming software and the radio serial number etc. The data in this sector is designed to be programmed or block erased only in the factory.

The Flash has fifteen 64k and six 8k program blocks that can be block erased and programmed by the boot block code during normal reprogramming operations without special equipment and without opening the radio. These blocks are use for H8 and DSP operating software, radio fill data, and FPGA programming data.  The Flash has two small 8k parameter blocks that can be used for changing data that must be stored indefinitely, examples are user specific settings and usage data.

3.6.3.1.4 Transceiver EEPROM.

The radio transceiver has an 8k x 8 serial EEPROM that is used to store transceiver calibration data. This data is set during production test for the specific transceiver. The data in this device is essentially constant and it is never written to by the main controller. At switch-on the contents of the EEPROM are copied into the external RAM, and the EEPROM is not accessed during normal operation.

3.6.3.2 Data Types.

A number of different data types as below are used by the controller software.

3.6.3.2.1 Volatile Variables.

Variable data used by the H8 controller that is not retained when the radio is switched off is stored in the H8 internal RAM and the external RAM.

3.6.3.2.2 Short Term Stored Variables.

Variable data that is retained while the radio is switched off or the battery is removed is stored in the external RAM.

3.6.3.2.3 Permanent Stored Variables.

Variable data that is retained indefinitely is stored in the parameter blocks of the Flash. Every time this data changes a parameter block must be erased and the new data written into the now blank parameter block.

3.6.3.2.4 Radio Fill Data.

The frequencies, modes, power levels, etc. associated with different channels programmed into the radio.  This data is programmed into the radio through the fill port 

3.6.4 Program/Fill/Control Interface.

The controller provides a serial port for PC access to allow the following functions:

· Programming – updating radio software.

· Filling – Modifying the radio data store of modes and frequencies etc.

· Control – Controlling the radio operating mode.

3.6.4.1 Radio Programming.

The controller software allows reprogramming of the Flash memory program blocks, on a block by block basis.  During these operations, the controller executes from the boot sector of the Flash and no radio or MMI operations are possible.  After a programming operation, the radio must be restarted by cycling the power. Programming operations are initiated on receipt of a specific serial message on the PC serial port.

3.6.4.2 Radio Fill.

The controller provides the facilities to modify the system, group, bank, and radio global data through the PC serial port.  This interface provides the following facilities:

· Radio erase - delete all fill data in the radio

· Selective erase - delete (mark as deleted) specific systems, groups , banks (future)

· Radio Fill - add specific systems, groups, banks and global data to the radio store.

· Radio read - export the fill data contents of the radio store to the PC.

All transfers and operations on the fill port are CRC checked and acknowledged.

3.6.4.2.1 Cloning.

The radio can export channel data to other radios.  The data export is initiated by a MMI operation at the exporting radio.  The exporting radio emulates a PC programmer during the data transfer.  Cloning of keyfill data is not allowed.
3.6.4.2.2 Radio Keyfill.

The radio keyfill protocols are managed by the DSP software.

3.6.4.3 Radio Control Port.

It is possible for an external PC to control the functioning of the radio.  This provides the following facilities:

· Radio status read - export the radio serial number, revision status, history, usage etc.

· Set external control mode.

· Set radio transmit frequency, power level, and mode.

· Set radio receive frequency and mode.

The transceiver mode control also allows transmission of 1kHz test tones in analog modes, and BER test patterns in digital modes.  The receiver mode control allows the continuous (every 0.5 second) output of the bit error count per frame in digital modes.

3.6.4.4 PC Serial Port Driver.

The controller software controls the H8 serial port to implement the asynchronous data formats and baud rates (9,600; 19,200; and 38,400) for the PC serial port.  The serial port driver software also controls the 232OFF signal to maintain the RS232 in its low current standby state, except when data is being driven out and while RTS is asserted.

3.7 MMI.

The radio MMI is described in the following paragraphs.

3.7.1 Display Description.

The radio has a 80 x 32 dot matrix LCD radio display.  Some of the features of the display are:

· Phone mode is indicated by a icon in the top right. (future)

· Scan occurring is indicated by ‘SCAN****’, ‘SRCH****’, or ‘ZONE****’ flashing on and off in the top row of the display.

· Encryption is indicated by a key icon.

· Power level is indicated by ‘HI/LO/2W’ in the bottom row of the display.

· Priority scan is indicated by ‘SCANP1(P2), ‘SRCHP1(P2)’, or ‘ZONEP1(P2)’ flashing on and off in the top row of the display.

· Receive Only Channel is indicated by an ‘RX’ in the bottom left corner of the display.

· Talkaround is indicated by an ‘TA’ in the bottom left corner of the display.

· Repeater Mode is indicated by a receiver icon in the bottom left corner of the display.

· An ‘EMG’ appears in the bottom left corner when the radio is transmitting an emergency message.

· A battery level bargraph display is permanently displayed on the far right of the display.

3.7.2 Keypad

The radio can be programmed using the keypad and display.  Pressing the ENTER key from an operational screen will allow the user to enter the programming menu screens.  These screens are shown at Appendix A.  For detailed instructions on programming the radio through the display and keypad see the Racal 25 User's Guide (p/n 84326).

CHAPTER 4.0 .  HARDWARE THEORY OF OPERATION
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4.1 Introduction.

The radio contains three Circuit Card Assemblies (CCAs).  The Control CCA and Keypad CCA are contained in the Chassis Assembly, and the Transceiver CCA which is attached to the rear panel.  The CCAs are attached to each other and to other radio components through 32-pin, wire, and flexi connectors.  Figure 4‑1.  Racal 25 Interconnection Diagram contains the Racal 25 Interconnection diagram.
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Control Board.

The control board fits interfaces to the keypad board, transceiver board, internal audio, and side connector.  The board implements the main radio control function and all the baseband signal processing. Figure 4‑2 shows a block diagram of the Control Printed Circuit Board (PCB).  The Control CCA schematic (drawing number 4200676) is contained in the schematic section at the back of this document

Figure 4‑1.  Racal 25 Interconnection Diagram


Figure 4‑2.  Control Board Block Diagram

4.2.1 Power Supply Unit.

This block of circuitry takes the raw battery supply voltage and the external power source from the side connector together with a number of control signals to generate a number of power supply outputs.  Figure 4‑3 shows a block diagram of the Power Supply Unit (PSU).

4.2.1.1 Battery/External Power Switching.

This block of circuitry generates the 10V CONT supply from either the battery or external power source.  In normal operation with a battery, the FPGA sets /BATOFF to connect the battery through to 10V CONT (at power-up the reverse path diode operates before BATOFF is set).  In this mode of operation, power from the battery for external ancillaries is available when the radio is switched on through 500mA current limiter.  In operation without a battery but with an external power source, power is routed from the external power source through to the 10V CONT line. This input is protected by an overvoltage detector, which switches off this path if the external voltage exceeds 16V.  In the situation where there is an external power source and a battery fitted, the H8 software detects the situation by sensing a battery through the battery serial bus and an external power source through the WRU line. In this situation the software then controls /BATOFF to prevent the external power source damaging the battery.

4.2.1.2 On/Off Switching.

The main continuous supply 10V CONT is passed through an on-off switch to generate 10V SW, the main radio supply.  In normal operation with a battery the on/off switching is controlled by the radio on/off rotary switch by the control /RADON.  Once switched on the main controller can hold the radio on by setting PWRHOLD.  In addition to the radio rotary on/off switch, the on/off switching can be controlled by the external line /RADOFF.  This line overrides the /RADON line and can be used to force the radio off regardless of the rotary switch setting.  However, the PWRHOLD and PWROFF lines can be used by the H8 controller to implement a clean controlled switch off.

4.2.1.3 Transmit Power Switching.

A single FET switch controlled by CTX is used to provide a switched 10VTX high current (1.5 Ampere) supply for the transmitter.

4.2.1.4 4.5V Switch Mode Power Supply.

This circuit uses a switch mode power supply device to generate a 4.5 Volt (V) supply at 450 milliAmperes (mA) maximum for the radio logic.  The switch mode device is synchronous and uses an externally provided power supply clock at 384kHz.  The power supply circuit includes input and output filters to limit the conduction of the fundamental switching components and their harmonics in the VHF band both onwards into the logic and back into the battery.

4.2.1.5 3.3V Linear Logic Supply.

The output from the 4.5V switch mode power supply is passed through 3.3V linear power supplies to remove any remaining power supply switching noise on the main logic supply.  One 3.3V supply is used for control board logic, the other 3.3V, 50 mA supply is used for control board analog circuitry.

4.2.1.6 Reset Generator.

This circuit uses a MPU supervisory device (MAX825) to generate a reset pulse of at least 140ms whenever the 3.3V logic supply drops below 3.08 volts.  The circuit also generates a reset signal when the Watchdog input is asserted by the H8 or DSP.

4.2.1.7 5V Linear Logic Supply.

This circuit generates a 5V logic supply at 50mA maximum for use on the control board.

4.2.1.8 3V Backup Supply.

This circuit generates a 3.3V logic supply at 50mA maximum to power the RAM at all times when a power source is fitted regardless of the on/off switch setting.

4.2.1.9 Low Voltage Detector.

This circuit controls the LBOUT output so that it changes state when the main supply drops below about 6V. This signal is used by the H8 controller to implement a clean shut down when the radio battery (or external power) is removed without switching off the radio.

4.2.1.10 Audio Supplies.

Two linear regulators providing clean filtered supplies for the audio at 5V are provided.  The 5V 800mA audio supply is used by the audio power amplifiers. The audio supply is used for the low current microphone amplifier.  A linear 5V bias supply to the internal microphone is also provided.


Figure 4‑3.  PSU Block Diagram

4.2.1.11 H8 Microcontroller.

This is the main controller for the radio, the device used is a HD6433044 ROM-less microcontroller.  The H8 is configured with an expanded bus connected to the Flash, RAM, and DSP. The H8 integral bus arbitration logic is used to allow the H8 and DSP to both have access to the Flash and RAM.  The H8 is clocked by the external TCXO. 

The H8 is powered from the 3.3V logic supply, and reset by the hardware /RES line. A watchdog output to the hardware reset circuitry is provided.  The H8 generates chip select outputs to allow the Flash, RAM, FPGA and DSP host port to be separately addressed.

One serial port of the H8 is used to implement a bi-directional synchronous serial interface to the keypad board. This interface is used to communicate with the keypad MPU and directly load the LCD controller. The clock on this interface is sourced by the H8 at c. 100kHz. An associated interrupt input to the H8 is used to initiate transfers from the keypad to the H8. This serial interface is also used to load the output expander in the FPGA, and also to configure the FPGA.  One serial port of the H8 is used to implement a bi-directional asynchronous serial interface to an external PC used for programming, fill and radio control. This interface uses programmable standard baud rates (default 9600 baud) and standard data formats. There are no handshaking parallel lines associated with this interface.  Two parallel I/O lines on the H8 are used to generate an I2C interface to allow the EEPROM on the transceiver board to be accessed.  Four parallel output lines on the H8 are used to generate a synchronous serial output bus with clock and data and separate strobe lines for the DAC, control shift register and synthesizer on the transceiver board.  One parallel I/O line on the H8 is used to generate the bi-directional Pulse Width Modulation (PWM) serial bus used to interface to the smart battery.  One H8 DAC output is used to generate simple audio tones of varying volume for use as audio alerts. The second H8 DAC output is available for VCTCXOP control.  The six channel ADC is used to measure: the raw supply voltage; WRU radio input; reference crystal temperature; PA temperature; PA current; and RSSI.  Two I/O lines are used to implement a software UART used for debug outputs in the development environment.

4.2.1.12 H8 Input Requirements.

The total requirement for parallel input signals to the H8 which need to be polled on a regular basis are:

· OOL
Out-of-Lock (OOL) signal from

 the transceiver synthesizer

· EXT PTT
External PTT

· PWROFF
On/off switch position

· CONFDONE
Configuration status of FPGA

4.2.1.13 H8 Output Requirements

The total requirement for parallel output signals from the H8 which need to be controlled are as below, the output capabilities of the H8 are expanded by a serial load output latch in the FPGA.

· LCDA0
LCD controller A0 command/


data select

· LCDCS
LCD chip select

· SCL
I2C & synthesizer clock 

· DACSDA
Transceiver serial data,


synthesizer, DAC, S-R. 

· SYNTHENA
Synthesizer Framing pulse

· DACENA
DAC Framing pulse

· SRENA
S-R Framing pulse

· /DINT
Interrupt to DSP from H8

· /RESO
Watchdog Output from H8

4.2.1.14 H8 Input/Output Requirements.

The total requirement for parallel input/output signals on the H8 which need to be read and controlled are:

· BATBUS
PWM input/out to smart battery 

· SDA
I2C data

4.2.1.15 H8 Input Interrupt Requirements.

The total requirement for parallel input interrupt signals on the H8 are:

· LBOUT
Low battery output

· DSPINT
DSP Interrupt

4.2.2 DSP.

The DSP56309 (or DSP56302) processor implements all baseband signal processing functions in the radio.  It interfaces with the transceiver through one ESSI port, to the user for voice through the second ESSI port.  The DSP function is controlled by the H8 through the DSP host port.  The DSP has direct access to the main Flash memory through the bus arbitration logic in the H8, this allows it to download program images.  The initial power-on code download is through the host port.  The DSP is reset by the hardware reset line.  The DSP is clocked by the TCXO clock output line at 12.288 MHz.  The DSP ESSI 1 port is used to provide a synchronous interface to the IF ADC and the transceiver 12-bit DAC.  In receive modes that interface is capable of writing to the DAC at 48 ksps while still reading the ADC at 96 ksps.  The DSP ESSI 0 port is used to provide a full duplex synchronous interface to the audio CODEC using 8 kHz sampling rate and 13 bit samples.  The data transfer is at 2.048 MHz using a DSP sourced clock and framing pulse.

4.2.3 Flash ROM.

A 512k x16 Flash ROM is used as the main program store for the H8 controller and DSP.  The Flash ROM uses a protected boot sector that is factory programmed via the DSP JTAG port.  Normal reprogramming is implemented by running the H8 from the boot sector and using 3V, programming the bulk of the device.  The Flash is used to provide a parameter storage area for non-volatile data storage of frequencies and keys etc.  This storage area is capable of in excess of 100k write cycles.

4.2.4 RAM.

A 128k x 8 static RAM is used for temporary storage of data by the H8 controller.  This RAM is powered by a continuous supply that maintains its contents as long as a power source is present.  Additionally the RAM has a backup capacitor to retain its contents over battery changes.

4.2.5 TCXO.

This oscillator serves as the reference for all logic and power supply clocks within the control and keypad module.  It provides the data rate clocks for radio operation, and is the source of the ADC/DAC/CODEC conversion clocks. The TCXO is at 12.288 MHz, with a temperature tolerance of +2.5 parts per million (ppm).  Additional calibration is performed to provide a typical temperature tolerance of ± 1.0 ppm  A trimmer to set the initial frequency is provided.  The TCXO sine wave output is squared up by a Schmitt trigger buffer before being output to the H8 and DSP.

4.2.6 FPGA.

The control board uses an Altera 8282 FPGA device to provide a flexible serial data routing function, I/O expansion for the H8 and DSP, clock generation, data multiplexing and to absorb discrete logic functions. 

The synchronous serial bus routing function involves routing the synchronous serial port of the H8 either to the keypad and LCD or to the I/O expansion in the FPGA.  This routing is controlled by high order address pins from the H8 and a FPGA dummy write with dedicated FPGA chip select from the H8. The FPGA includes a serial load parallel output shift register that is used for parallel output expansion for the H8.

The discrete logic functions of the FPGA, includes logic to control an inverter for one of the LCD control outputs.  The data multiplexing function involves re-routing serial pins between the side connector and the DSP SCI port to allow data transmission and keyfill operations.

4.2.6.1 FPGA Configuration.

The FPGA is configured at start-up from the main Flash memory using a serial load from the H8.  During configuration outputs are tri-stated and pulled to a safe level by committing resistors to prevent audio and RF bursts at power up.

4.2.7 IF ADC.

The IF sampling ADC is a 12 bit ADC capable of sub-sampling a 455kHz IF signal at 96kHz sampling rate.  It is connected by a serial interface to the DSP ESSI port 1  The serial data interface is clocked at 1536kHz.

4.2.8 Clock Generation.

The clock generation logic is used to generate clocks for the synchronous power supplies, the ADC serial interface and the keypad microcontroller.  The clock generator logic is implemented in the FPGA.

4.2.9 Logic Audio CODEC.

The Audio CODEC is an integrated ADC/DAC and audio filter device capable of full duplex operation on voice bandwidth signals at 8ksps.  The samples have a resolution of 13 bits linear.  The CODEC is connected to the DSP ESSI port 0 with serial data transfer rate of 2.048 MHz.  The CODEC is continuously powered from the 3V logic and 3V audio supplies.  Parallel control lines from the DSP is used to mute the input and output sections as required.

4.2.10 Side Connector Interface & Filtering.

The side connector interface is implemented as a 20-pin ZIF flexi connector, 2 pins being redundant, yielding 18 contacts.  All outputs are filtered to limit their bandwidth to the minimum and current limited to protect them from output short circuits to ground or up to 16V.  All inputs are filtered and protected from continuous application of ground or +16V.  There is no protection against negative applied voltages.  Inputs and outputs are protected from static discharge of at least 10kV air discharge.  All inputs and outputs incorporate RF bypass filter capacitors adjacent to the connector, except for ground.

4.2.11 Transceiver Interface & Filtering.

The transceiver interface is implemented as a 32-pin interboard connector.  Most of the signals crossing the interface are filtered to limit their bandwidth to the minimum consistent with correct operation.  Outputs from the control module are filtered with series resistors on the control module and grounded capacitors on the transceiver module adjacent to the connector.  Outputs from the transceiver to the control use the reverse configuration.

4.2.12 Battery Interface & Filtering.

The battery interface is implemented as a three-way flexi-circuit, which is fixed by two of the control board mounting screws.  The positive power and smart battery connections incorporate RF bypass capacitors as close to the signal pins as possible mounted on the flexi circuit.  Additionally, a series ferrite capable of carrying 2A peak is mounted on the flexi close to the main power pin.

4.2.13 Keypad Interface.

The keypad interface uses a 18-pin interboard connector.  The connector type is a 1.27mm pitch shrouded connector.  Some filtering is provided on this interface, but all outputs are protected from short circuits by series resistors. Where possible, inputs are also protected from damage by series resistors.

4.2.14 Audio Interface.

The audio interface is implemented with a four-way wire connector directly to the integral speaker and microphone.

4.2.15 Test Interface.

The control board is provided with a 18-pin 1.27mm shrouded connector used for factory test.  It provides the following functions:

· Joint Test Action group (JTAG) connector access for board test and Flash boot sector programming.

· Board reset and control access.

· Board power supply and on-off switching access.

· H8 serial debug port access.

4.2.16 LED

The control board incorporates a three-color LED used for status information.  It is controlled by the FPGA to show red, green, or off.  It is optically coupled to the top face of the radio by a light pipe.  The hardware is configured such that during hardware reset before the keypad MPU software is running the LEDs are off.

4.2.17 Power Consumption.

The control board operates at input voltage from 8V to 13V.  Application of voltages above 16V may damage the unit.  The mean current consumption of the control board is:

Standby mode:
(       60 mA
Receive mode @ 500 mW:
(     330 mA

Transmit mode @ 2W:
(  1,000 mA

Transmit mode @ 5W:
(  1,500 mA

4.3 Keypad Board.

The keypad board is fixed directly into the chassis behind the keypad.  The board incorporates the keypad electronics, the LCD interface, and backlights.  The board interfaces with the main controller via a bi-directional synchronous serial interface.  Figure 4‑4 shows a block diagram of the keypad board. The Keypad CCA schematic (drawing number 4200649) is contained in the schematic section at the back of this document.

4.3.1 Keypad Microcontroller.

The keypad board is controlled by a Atmel AVR4414 microcontroller.  This is a flash Programmable device.  The microcontroller implements these functions:

· Keypad scanning

· PTT switch input

· Auxiliary keys input

· Volume switch input

· Channel switch input

· Emergency switch input

· Synchronous bi-directional serial interface to main controller at 100 kHz

· Keypad and LCD backlight control

The keypad microcontroller is clocked by a clock derived from the main reference clock at 1.5 MHz.  The keypad microcontroller is powered by the same 10V supply as the LCD driver device.

4.3.2 LCD Power Supply.

The keypad board uses a locally generated 3.3V logic supply to power the AVR and LCD driver.  This supply is a low current (<50mA) linear regulator operating off the main radio switched 10V supply.

4.3.3 Display

The radio display module is a full graphics 80x32 pixels LCD, requiring a temperature compensated differential driving voltage of about 12V and a 1/6 bias, 1/32 duty cycle driving scheme.  It is driven by a LCD driver device (Seiko Epson SED 1530).  This LCD driver has internal display RAM and copes with all the display refreshing autonomously.  Display data transfers from the main controller are only required when the display is changed, selective display RAM updates are also available to minimize serial traffic.  The LCD driver display RAM is accessed through a one way synchronous serial interface, connected in parallel with the AVR serial port.  The LCD CS input is used to differentiate between serial data for the LCD driver and

Figure 4‑4.  Keypad Board Block Diagram

The display driver is reset by the keypad board hardware reset line. The hardware is configured such that during hardware reset before serial LCD data is presented the LCD is blank.

4.3.4 Keypad.

The radio keypad consists of 16 conductive rubber keys, which contact onto switch contacts on the rear of the keypad board.  Each key is provided with an LED backlight.

4.3.5 Backlighting.

Simultaneous backlighting of both the LCD and keypad is provided.  The backlighting is controlled by the AVR so that it can be turned off or set to one of two brightness levels.  Brightness control is by series resistor switching, not by duty cycle control.  The hardware is configured such that during hardware reset before the keypad MPU software is running, the backlights are off. 

4.3.6 Switch Interface.

An interface to the top face switches and the side mounted PTT and Auxiliary switches is provided.  This interface is implemented using surface mount ZIF flexi connectors on the keypad board.  The connections to the side switches and PTT are by a separate flexi connector. 

· Top SW Interface

· Switch common (earth)

· Volume switch outputs (4)

· Channel switch outputs (4)

· Toggle switch outputs (2)

· Emergency switch output

· Side SW Interface

· AUX keys (3)

· PTT

· Switch common

4.3.7 Control Board Interface.

A 18-pin interboard connector is used to implement the interface to the main control board.  The signals on this interface need not be  filtered, but are protected from short circuits to ground.  All logic signals are at 0-3V Complimentary Metal-Oxide Semiconductor (CMOS) levels at the interface.  The interface carries the following functions:

· 10VCONT

· Ground

· /RADON

· Switched 10V supply

· Reset

· AVR Clock

· Serial Data Clock

· Serial Data Input

· Serial Data Output

· Key Interrupt

· LCD Chip Select

· LCD A0 (Data\command select)

· Keypad Chip Select

4.3.8 Power Consumption.

The total mean power consumption of the Keypad board in normal operation with the LCD on but the backlight and indicator off, is less than 4mA from the switched 10V supply.

4.4 Transceiver.

The Transceiver CCA is fixed directly onto the radio rear cover.  Board components are packed in acoustic insulation that improve audio quality by dampening internal vibrations/harmonics from the radio speaker.  The board is also covered by an RF shield.  The Transceiver CCA schematic (drawing number 4200675) is contained in the schematic section at the back of this document

4.4.1 Interface Section.

The Interface Section schematic is page 1 of the Transceiver CCA schematic enclosed in the back of this document.  J1 is the 32-pin surface-mount transceiver interface connector.  The transceiver is powered, controlled, and monitored through this port.  The pin names and functions are delineated at Appendix D.

J2 is the transceiver “TOP RF” connector.  RF signals are transmitted and received through this surface mount RF connector.  Transmitted and received RF signals are routed from this connector through a short RF cable to the antenna of the radio.  J3 is the transceiver “SIDE RF” connector.  RF signals are transmitted and received through this surface mount connector.  Transmitted and received RF signals are routed from this connector through a short RF cable to the side RF connector of the radio.  The side connector is used when the radio is used in a vehicular adapter.  J4 is the “455 kHz IF OUT MONITOR” connector.  The 455 kHz IF is available for monitoring purposes through this surface mount RF connector when the transceiver is in the receive mode of operation.  It is intended for test and troubleshooting purposes only.

4.4.2 Transmitter Section.

The Transmitter Section schematic is page 4 of the Transceiver CCA schematic enclosed in the back of this document.
4.4.2.1 Transmit Chain.

The pre-driver amplifier (Q7, etc.) amplifies the “TXLO” signal from the synthesizer section.  The Q7 output power is typically 13 decibel milliwatt (dBm) measured at C77/R44/ R49 node.

R44, R49, and R52 is a 3 decibel (dB) pie attenuator network.  The PIN attenuator circuit is made up of CR5, CR6, and associated components.  This circuit yields more than 50 dB of useful attenuation range.  The circuit is part of a DAC controlled closed loop system, in conjunction with the detector/power control circuit (U12, U13, and associated components), which controls the transmitter output power level.  The Power Amplifier (PA) driver amplifier (Q5, Q8, etc.) utilizes an NPN transistor stage biased class A.  Q5 provides an active bias to Q8.  The collector current of Q8 is 100 mA typically.  The Q8 output power is typically 24 dBm measured at C76/C80/T3-1 node.
The PA (Q6, Q9, etc.) uses a pair of MOSFET power transistors configured as a push-pull power amplifier.  The power transistor gates are biased via DAC output lines “PABIAS1” and “PABIAS2” through 10 K ohm resistors R42 and R43.  Each transistor is biased for 100 mA of quiescent current. The PA full output power is typically 38.5 dBm measured at the T4-5 C209 node.

The PA temperature sensor (U11) is a thermistor Integrated Circuit (IC) fitted in close proximity to the power amplifier circuit.  Under normal operating conditions, the line labeled “PATEMP” is closely monitored by the microprocessor.  In the unlikely event of overheating, the transmitter would be disabled to prevent damage to the power transistors.

The harmonic filter (C209, L30, C81, C82, L31, C83, and C84) attenuates harmonics created by the power amplifier. The harmonic filter insertion loss is 0.4 dB typically at 174 MHz.  The output of the harmonic filter connects to the 20 dB coupler (U12).  This coupler is part of a DAC-controlled closed loop system designed to set the transmitter output power level.  The insertion loss through the coupler (U12-1 to U12-3) is 0.2 dB typically.

4.4.2.2 Power Amplifier Control.

Transmit output power level is controlled by the Detector/Power Control circuit and the PIN Attenuator (discussed previously) circuit via “VCONTROL.”  This closed loop system is designed to keep the transmitter output power constant over variations in temperature, transmitter supply voltage (“10VT”), and RF power levels into the transmit chain.  The detector/power control circuit is made up of the 20 dB coupler (U12), an RF rectifier circuit (CR11, CR12, etc.), and an integrator (U13).  The DAC line labeled “PWRSET” at the non-inverting input of U13 sets the transmitter to the desired power level.  U12-2 “samples” the transmit signal.  The sampled RF signal is rectified by the temperature stable circuitry of CR11,CR12, etc, and is routed to the inverting input of the integrator at U13-4. The output of the integrator at U13-1, labeled “VCONTROL”, controls the PIN attenuator circuit.  Any change in transmitter output power level is automatically corrected by the loop.

4.4.2.3 PIN Diode Switch.

The antenna PIN diode switch is made up of CR7, CR8, CR9, CR10, and other associated components. This switch is a four-port design.  The four ports are Antenna 1 (“TOP RF”), Antenna 2 (“SIDE RF”), receive, and transmit.  Receive and transmit ports can be switched to only one of the two antenna ports.  Transmit signals are routed from the transmit/receive PIN diode switch (to be discussed in the following paragraph) to the selected antenna port.  The receive signal is routed from the selected antenna port to the transmit/receive PIN diode switch.  The antenna PIN diode switch and receiver circuits “share” current in the receive mode of operation via the signal labeled “RXSINK” at Q11 pin 3.  This approach conserves battery power.   The insertion loss through the antenna pin switch is 0.2 dB typically.

The transmit/receive PIN diode switch is made up of C127, CR13, C114, L42, C115, CR14, C116 and other associated components.  C127, C114, L42, and C115 is the 1/4 wave simulator circuit.  The 1/4 wave simulator is critical to the design of the switch.  In the transmit mode of operation CR13 and CR14 are forward biased.  C116 resonates with the internal series inductance of CR14 at 155 MHz and the receive port (“RX INPUT”) is RF shorted to ground.  With the receive port RF shorted to ground, the parallel combination of C127, C114, and L42 forms a tank circuit resonating at 155 MHz.  Consequently, the receive port appears as an open circuit to the transmit signal and is routed to the antenna PIN diode switch.  In the receive mode of operation,  CR13 and CR14 are biased off so C114/L42/C115 appears as a Low-Pass Filter (LPF) to signals at the antenna port of the switch.  The insertion loss through the transmit/receive PIN diode switch is 0.4 dB in the transmit mode and 0.2 dB in the receive mode typically.

Q10-Q19 and associated components are switching transistors used to control the antenna and transmit/ receive PIN diode switches.  The current flowing through the entire PIN diode circuit is approximately 45 mA in the transmit mode of operation.  In the receive mode of operation the transmit/receive PIN diode switch is disabled, and approximately 85 mA flows through the antenna PIN diode switch.

4.4.3 Receiver Section.

The Receiver Section schematic is page 2 of the Transceiver CCA schematic enclosed in the back of this document.  The VHF signal enters into the “RX INPUT” via the PIN diode switch (discussed previously).  CR1 and CR2 are schottky protection diodes to protect the front end circuitry from RF overloads that could occur if the PIN diode switch failed to work properly or if a transmitter is very close to a receiver.  Typical insertion loss is 0.1 dB for the protection diodes.  L25/C61 form a Band-Stop Filter (BSF) at the first IF frequency of 45 MHz.  Typical insertion loss for the BSF is 15 dB at 45 MHz but less than 0.1 dB in the VHF band.

L14, L6, CR3, CR4, L7, CR27, CR28, L8, and L15 make up the Very High Frequency  (VHF) preselector Band-Pass Filter (BPF).  The BPF is inductively coupled for improved high side attenuation.  This filter provides attenuation to spurious signals such as the first image and the half-IF.  The BPF is varactor diode tuned by DAC line “RXVTF." Typical insertion loss (138-174 MHz)  is 1 dB for the VHF BPF.

The RF Amplifier (Q1, T1, etc.) utilizes “loss-less feedback” to deliver reasonable gain, low noise figure and a high third order intercept point simultaneously.  Typical gain (136-174 MHz) is 11.5 dB for the RF Amplifier.

C14, L1, C9, C15, L2, C10, C16, L3, C11, C17, and L9 form a VHF LPF.  This filter provides additional RX spurious attenuation as well as image noise attenuation.  L4, C12, L16, C25, L5, and C13 form a BSF at the first IF frequency of 45 MHz.  The insertion loss is 1.0 - 2.0 dB (136-174 MHz) typically for the cascade.  The IF BSF  insertion loss is typically 40 dB at 45 MHz but less than 0.3 dB in the VHF band.

U1 is a double-balanced mixer (DBM).  U1 converts the desired RF signal down to the first IF of 45 MHz.  High-side Local Oscillator (LO) injection is used.  Therefore, the LO is 45 MHz higher than the receiver tuned frequency.  The LO drive level is +10 dBm nominal at U1, pin 1. The conversion loss of the mixer (RF to IF) is 5.5 dB typically.

The LO signal is generated in the synthesizer section (to be discussed later).  The LO signal is designated “RXLO” on the schematic diagram.  The LO signal is routed to a LPF consisting of C31, L21, C87, C30, L20, C75, and C28.  L19 and C28 are also used to impedance match the LO port of the mixer.  The insertion loss of the VHF LO LPF is 0.3 dB typically at 174 MHz.

R4, L17, C6, L10, R5, and C23 make up the diplexer network.  This network properly terminates the DBM both in and out of band.  The diplexer also provides some additional half-IF spurious rejection.  The diplexer  insertion loss is 0.8 dB typically at 45 MHz.

There are two 45 MHz IF Amplifier circuits.  The first (Q2, T2, etc.) utilizes “loss-less feedback” to deliver reasonable gain, low noise figure and a high third order intercept point simultaneously.  The second 45 MHz IF Amplifier will be discussed later.  Typical gain is 10.5 dB for the first IF Amplifier.

There are two crystal BPFs and a second 45 MHz IF Amplifier.  The BPFs provide attenuation for the adjacent and alternate channels, and also for the second image response.  FL1 is a four-pole crystal filter with a 20 kHz bandwidth centered at 45 MHz.  FL4 is a two-pole crystal filter with a 30 kHz bandwidth centered at 45 MHz.  The second 45 MHz IF Amplifier provides high gain to prevent further degradation of receive sensitivity.  C57, L12, C18, C19, and L13 are impedance matching elements for the input of FL1.  The output of FL1 is impedance matched to the second 45 MHz IF Amplifier (Q36, etc.) by C285, L64, and C242.

The output of the second 45 MHz IF Amplifier is impedance matched to FL4 by C287, L61, C286, C237, L60, and C235.  The entire cascade provides  21 dB of gain and has a 3 dB bandwidth of 20 kHz typically.  Typical insertion loss is 1.5 dB for each crystal BPF.

The IF IC (U28) contains the second mixer and an IF amplifier chain.  The 45 MHz IF signal enters U28 at pin 6 from the crystal BPF (FL4).  FL4 is impedance matched to the IF IC input by C294, L62, and C288.  The incoming 45 MHz IF signal is mixed with the second LO (to be discussed later).  The second mixer IF output is at U28 pin 8 and the second IF frequency is 455 kHz.

The signal from U28-8 is routed to FL3.  FL3 is a ceramic BPF operating at 455 kHz.  The insertion loss of the ceramic BPF is 6 dB typically in a 1500 ohm system.

The 455 kHz IF signal enters U28-10, is amplified by a cascade of  IF amplifiers, and exits at U28-14.  The signal from U28-14 then enters a second ceramic BPF,  FL2.  FL2 is the final ceramic BPF with a typical insertion loss of 8 dB in a 1000 ohm system.  The 455 kHz IF signal enters its final stage of amplification at U29-3.  U29 is configured as a non-inverting operational amplifier and is capable of driving a 50 ohm load.  The amplifier is set for a voltage gain of  2.5.  With the receiver set to full gain the signal level at J4 (455 kHz IF OUT MONITOR) is -20 dBm ( 3 dB into 50 ohms with a -119 dBm unmodulated 136 MHz signal injected at J2 (TOP RF) or J3 (SIDE RF).  The second LO consists of CR26, R33, Y1, L24, C59, C226, C227, and Q35.  The oscillator is a Colpitts type with the crystal operating in the series mode.  CR24 is a varactor diode used to set the oscillator on frequency using the DAC output labeled “2ndLO."  The second LO operating frequency is 44.545 MHz (low side injection).  L65 and C223 impedance match the output of Q35 to the LPF (C289, C293, L63, and C284).  The signal is then attenuated by R282, R283, and R284 and sent on to the second mixer.  The signal level at U28-4 is -16 dBm nominal.

U4 is a voltage regulator used to power the receiver circuits.  The DC voltage appearing at U4 pin 1, labeled “RXSINK” on the schematic diagram, is routed from the antenna PIN diode switch.  As previously discussed, the PIN diode switch and the receiver circuits “share” current to reduce receive power consumption.  The control line “+3.3V RXEN” is used to enable the regulator while the transceiver is in the receive mode of operation.  The regulator is disabled during the transmit mode of operation.

4.4.4 Synthesizer Section.

The Transceiver  Section schematic is page 3 of the Transceiver CCA schematic enclosed in the back of this document.
4.4.4.1 Synthesizer and Reference Oscillator.

U19 is a fractional-N synthesizer IC programmed  for a specific frequency by loading appropriate serial data into the IC.  It controls the receive VCO when the transceiver is in the receive mode of operation, and the transmit VCO when in the transmit mode.  The programming lines are labeled “3VSCL”, “3VSDA” and “3VSYNTHENA” on the schematic diagram.  These are all CMOS logic level inputs.  R118 (RF) and R123 (RN) are the fractional compensation and phase detector current setting resistors, respectively.  These resistors are critical to the operation of the synthesizer system and must be checked when troubleshooting around U19.  The phase detector output pins (U19-13 and U19-14) are fed to the passive loop filter (R140, C177, C172, R134, and C173) and then on to the VCO control varactor diodes (CR17/CR19) for frequency control.  The buffered, filtered output from the VCO is fed into U19-5 (RF IN) to close the phase locked loop.  The level is typically -10 dBm into U19-5.  The reference oscillator is made up of CR22, Y2, Q28, C197, and C198 and associated components.  The reference oscillator operates at 12.8 MHz.  The reference oscillator operating frequency is adjusted by varying the DC voltage at the DAC controlled line that is labeled “REFOSCMOD.”  This line is also used to modulate the reference oscillator during the transceiver’s transmit mode of operation.  The 12.8 MHz signal is fed into the synthesizer chip at U19-8 (REF IN) using a coupling capacitor, C194.  The AC signal level at U19-8 is 1 Volt, peak to peak (Vp-p) typically.

U22 is the reference oscillator temperature sensor used to monitor the temperature near Y2.  It’s output is labeled “XTALTEMP” on the schematic diagram.  This line is normally monitored by the microprocessor so the reference oscillator can be adjusted for drift due to changes in temperature.

4.4.4.2 Receive/Transmit VCOs and Buffer Amplifiers.

The receive VCO operates from 181-219 MHz since high side LO injection is used and the first IF is 45 MHz.  The transmit VCO operates from 136-174 MHz.  Each VCO is a Colpitts type design utilizing a low noise, bipolar transistor as the active device.  The receive VCO uses Q24 and the transmit VCO uses Q21, each in the common collector configuration.  The Colpitts capacitors are C169/C180 (receive VCO), and C137/C142 (transmit VCO).   These capacitors enable Q24 to oscillate in the

181-219 MHz frequency range and Q21 to oscillate in the 136-174 MHz frequency range.  L53 is the resonating inductor for the receive VCO and L45/L46 are the resonating inductors for the transmit VCO. CR20/CR21, and CR16/CR18 are the coarse tuning varactor diodes for the receive and transmit VCO respectively.  These diodes are used to coarse tune the VCO such that the LPF, phase detector output voltage (from U19) at TP10 equals 1.65 VDC. The receive and transmit VCOs share the coarse tuning  DAC controlled line labeled “CTUNE”.  Coarse tune DC voltage swings from approximately 1.8-22 VDC.  CR19 (receive VCO) and CR17 (transmit VCO) are the fine tuning varactor diodes controlled by U19 as was explained previously.  CR15 is the modulation varactor diode for the transmit VCO.  The output from the receive VCO is coupled off Q24-E using C174.  The output from the transmit VCO is coupled off Q21-E using C139.  The signal should be measured at the C174/R146 node (receive) and the C139/R107 node (transmit), and measures -15 dBm typically.

Q26 and Q22, and associated components, form the first VCO receive and transmit buffer amplifiers respectively.  These amplifiers buffer the VCO output from changing-output Voltage Standing Wave Ratios (VSWRs) that could “pull” the VCO off frequency.  The output from each measures -5 dBm typically.  The buffer should be measured at the C170/R141 node (receive) and the C138/R131 node (transmit).Q25 is the second buffer amplifier.  This amplifier is common to both the receive and the transmit VCOs.  R131, R141, and R142 are the combining elements used to make this possible.  This buffer outputs a signal large enough, after subsequent attenuation and filtering, to properly drive the RF IN pin of the synthesizer (U19-5 ).  The output from this buffer should be measured at the C167/C53/L52/C175 node and measures 0 dBm typically.
The output from the Q25 buffer is filtered by C175, C53, L52, and C176.  This LPF prevents the synthesizer IC (U19) from “locking on” to harmonics of the desired frequency.  The insertion loss of the LPF is 0.4 dB typically.

The signal is then split by R138, R139, and R144, and sent on to the appropriate receive or transmit final buffer amplifier.  The signal measured at R139/C150/ C186 node is -6 dBm, and the signal measured at R144/R143/C168 node is -6 dBm.

Q23 (receive) and Q27 (transmit) is the final buffer amplifier.  Q23 amplifies the signal up to the level needed to properly drive the LO port of the DBM (discussed previously).  Q27 amplifies the signal up to the level needed to properly drive the PA pre-driver (previously discussed).  The signal measured at “RXLO” is +7 dBm typically.  The signal measured at “TXLO” is +7 dBm typically.

U17, Q20, etc. form the voltage regulator for the receive and transmit VCO/Buffer amplifiers.  R67, C124, and Q20 form a “super filter” which attenuates voltage regulator noise that may otherwise degrade the synthesizer phase noise performance.

U20, U21, Q29, Q30, CR23, CR24, CR35, C199, C202, C203, etc. create a voltage multiplier.  The circuit is configured as a voltage quadrupler.  Circuit losses and output loading lower the voltage down from 24 VDC to about 22 VDC.  The driver circuit (U21) switches at about 192 kHz.  This frequency was selected so harmonics would not land at or near the second IF frequency of 455 kHz.  The 22 VDC supply is used to power the DAC supporting quad op-amp U18.

The shift register (U24) is used to control transceiver modes of operation and functions.  The line labeled “STD/SIDE” selects the desired antenna port of the transceiver.  The line labeled “TX/RX” selects either the transmit or receive mode of operation.  “+3.3V RXEN” turns the receiver on and off (previously discussed).  Q34/Q32 and Q33/Q31 enable and disable the receive and transmit VCOs and buffers respectively (discussed previously).  U16 is the voltage regulator that supplies all 5V digital circuitry on the transceiver board.

4.4.5 Digital/Analog Control.

Digital/Analog Control is shown on page 1 of the Transceiver CCA schematic enclosed in the back of this document.  The transceiver board is fitted with an EEPROM (U15) (see page 4 of the schematic diagram).  The IC is used to store calibration and “curve fit” data which is needed when the transceiver is configured with the Racal 25 radio.  Each transceiver has it’s calibration and “curve fit” data stored within the EEPROM.  The calibration and “curve fit” data is written to the EEPROM at the successful conclusion of level 2 testing.  Two quad eight bit serial DACs, a quad twelve bit serial DAC, and supporting operational-amplifiers (U2, U6, U13, U18, and U30 ) control much of the transceiver, as has been discussed previously.  U32 is a 2.5 VDC reference used by the Quad twelve bit DAC and the variable IF attenuator (discussed previously).

U18D and associated components amplifies the DC signal supplied by U31-3.

As was discussed previously,  “REFOSCMOD” is the DC signal, which varies the operating frequency of the reference oscillator.  Normally under DSP and microprocessor control,  this line is used to FM modulate the reference oscillator which in turn FM modulates the RF carrier in transmit mode.  This line is used to temperature compensate the reference oscillator as well.

The DAC controlled line “TXVCOMOD” at U31-4 is transmit data normally controlled by DSP and a microprocessor.  This signal is routed to U18C and associated components (see page 5 on the schematic diagram).  U18C and associated components form an active LPF/attenuator to shape the transmit data before modulating the RF carrier in the transmit mode.  The cutoff frequency of the LPF occurs at 20 kHz.  The 1 kHz peak to peak signal level at the active LPF output (U18-8) is one fourth “TXVCOMOD” at 2.5 VDC.

The synthesizer reference oscillator and the transmit VCO are simultaneously modulated to balance the FM modulation.  We refer to this technique as “two point modulation”.  The DAC values required to balance the modulation are dependent on RF frequency.

The DC signal at U31-17 is routed to U30 and associated components.  This op-amp is configured for a voltage gain of 2.  The DC signal “VATT” controls the variable IF attenuator (discussed previously) in the receiver chain.  Under DSP and microprocessor control, the attenuator is normally set for a desired amount of attenuation by this DAC controlled signal.

Q37, Q38, Q39, Q40, Q41, and associated components are used to enable and disable the 14 dB step attenuator in the receiver chain (discussed previously).  Normally under DSP and microprocessor control, the attenuator is set to the desired state of operation via U31-13.  A logic level “1” at this pin enables the attenuator.  Conversely, a logic level “0” at this pin disables the attenuator (bypass mode).

U18B and associated components amplifies the DC signal supplied by U33-2.  As discussed previously,  “CTUNE” is the DC signal which coarse tunes the receive and transmit VCOs.  Under microprocessor control, the appropriate VCO is normally coarse tuned to a desired frequency based on “curve fit” data stored in the EEPROM (U15).  “Curve fit” data is obtained and stored in the EEPROM during coarse tune calibration procedures performed at level two testing.

The DAC controlled DC signal “2ndLO” sets the 2nd LO (discussed previously) on frequency at 44.545 MHz.  Normally under microprocessor control, the 2nd LO is set on frequency based on a DAC value stored in the EEPROM (U15).  The correct DAC value is obtained and stored in the EEPROM during the 2nd LO calibration procedure at level 2 testing.

The DAC controlled DC signal “RXVTF” appropriately sets the varactor tuned BPF (discussed previously) based on the receiver tuned frequency.  Normally under microprocessor control, the varactor tuned BPF is set based on “curve fit” data stored in the EEPROM (U15).  The “curve fit” is based on statistical data obtained during the testing of hundreds of units.

The DAC controlled DC signal “PWRSET” sets the power amplifier (discussed previously) to a desired power level.  Normally under microprocessor control, the power amplifier is set to the desired level based on “curve fit” data stored in the EEPROM (U15).  The “curve fit” data is obtained and stored in the EEPROM during transmit power calibration procedures at level 2 testing.  The power calibration procedure obtains “curve fit” data for five power level settings (0.1, 0.5, 1.0, 2.0, and 5.0 watts) over the entire transmitter operating frequency range (136-174 MHz).

The DAC controlled DC signals “PA1” and “PA2” set the gate bias for each power transistor (Q6 and Q9 respectively) in the power amplifier circuit (discussed previously).  These two signals are routed to op-amps U2 and U6 (see page 4 of the schematic diagram) which are configured for a voltage gain of 2.  The outputs at U2-1 and U6-1, labeled “PABIAS1” and “PABIAS2” respectively, are then routed to the gates of the power transistors.  The correct DAC values for the bias current are stored in the EEPROM (U15).  The correct DAC value is obtained and stored in the EEPROM during the power amplifier bias calibration procedure at level 2 testing.  Each gate is biased such that 100 mA of current flows through each power transistor with “PWRSET” set to a DAC value of zero in the transmit mode.  Level 2 software monitors the U10 output line labeled “IMONITOR” (see page 4 of the schematic diagram) when calibrating PA bias.

4.5 External Interfaces.

The external interfaces of the radio are described as follows.

4.5.1 Side Connector.

The Side Connector will be used for PC Programming, including keyfill; cloning; and audio accessory connection.  It uses 18 flush-mounted electrical contacts in a non-conductive molding.  Pin assignments and functions are delineated at Appendix D.

An additional flush mounted coaxial contact is provided to remote the antenna. (future use).

4.5.2 Battery Connector.

The batteries interface with the radio through a reliable, long-wearing, easily-operated, twist-lock type connector mechanism.

4.5.3 Antenna Connector

The antennas screw into an SMA female connector mounted on the top rightmost corner of the radio (as viewed from the front of the radio).

CHAPTER 5.0 .  ASSEMBLY/DISASSEMBLY


5.1 General.

This chapter provides radio assembly/disassembly instruction.

5.2 Power-On Self Test.

At radio switch-on, the H8 controller executes a number of tests to confirm correct operation.  Any errors are reported to the user through display error messages, and logged in the Flash.  The tests implemented include:

· Flash checksum Cyclic Redundancy Check (CRC),

· RAM read and write

· FPGA configuration

· DSP host interface

· Keypad interface to AVR

· Battery bus interface

· Transceiver EEPROM interface

· Synthesizer lock tests top and bottom frequencies, lock time etc

5.3 CCA Removal and Replacement 

5.3.1 Disassemble the Radio

1. Remove and retain the 7 Torx  (T6) screws on the back of the unit.

2. Carefully lift up the rear cover.  The Transceiver CCA is attached to the rear cover.  As you lift the back cover the Transceiver CCA will disconnect from the control CCA (connected by a 32 pin connector).  Disconnect the two coaxial antenna connectors from the Transceiver CCA.

NOTE:
If not replacing the Transceiver Cca, skip to step 5.

3.
To remove the Transceiver CCA (Figure 5-1) from the back plate unscrew the 4 Phillips head screws (each has an associated washer) in the corners.

4.
Remove the brass shield.  Remove the acoustic fiberglass and save for reinstallation.

The Transceiver CCA is now free from the unit.

NOTE:
A heat sink for the Power Amp on the Transceiver CCA is integrated into the back plate.  This heat sink is coated with a heat sink dielectric compound.  Apply the compound before reattaching the Transceiver CCA to the rear cover.


Figure 5‑1.  Transceiver CCA (shown in Transceiver Module)

5. To remove the Control CCA (Figure 5-2), first remove the dielectric shield.  Then remove the 2 Phillips head screws on the side and the 2 Phillips head screws at each bottom corner.  Slide out the side connector flexi-cable from the connector and disconnect the connector from the speaker-microphone.  Lift out from the top end closest to the antenna, taking care not to damage the power flexi-cable.  The Control CCA is now free from the unit.


Figure 5‑2.  Control CCA (shown in Control Module)

6.
To remove the Keypad CCA (Figure 5-3), remove six Phillips head screws.  Disconnect the PTT side flexi-cable (must slide connector assembly open first then remove flexi-cable), the top connector flexi cable, and the display flexi cable and lift up the Keypad CCA.

The Keypad CCA is now free from the unit.

5.3.2 Reassemble the Radio.

NOTE:
When installing screws, any screw that does not have a lock washer requires that LOCTITE thread-locking adhesive is applied to the thread of the screw.  This prevents the screws from being loosened by vibration.  Do not apply LOCTITE to the chassis Torx screws when completing the re-assembly.

1. Place the Keypad CCA (Figure 5-3) into the radio chassis.  Attach the six Phillips head and tighten to 3 inch-pounds.  Carefully slide the top connector flexi-cable, the display flexi-cable, and the PTT flexi-cable into the corresponding connectors on the Keypad CCA.


Figure 5‑3.  Keypad CCA (shown in Control Module)

2.
Lift the side connector flexi and slide the Control CCA (Figure 5-2) into the radio chassis. (under the power flexi at the bottom of the radio.)  Gently but firmly push down on the bottom left hand corner to mate the Control CCA and Keypad CCA 64 pin connector.  Reinstall the four Phillips head screws at the corners of the CCA and tighten to 3 inch-pounds.   Attach the side connector flexi-cable to the CCA.

3.
Place the dielectric shield on top of the Control CCA.

NOTE:
The Transceiver CCA (Figure 5-1) and RF shield must be attached to the rear plate before they can be reattached to the radio (see Figure 7‑4).

4.
Install the Acoustic Fiberglass shield to the Transceiver CCA.

5.
Before reattaching the Transceiver CCA, apply a dielectric gel to the heat sink attached to the rear plate.

6.
Reattach the 4 Phillips head screws through the RF Shield and Transceiver CCA holes and into the rear plate.  Tighten the screws to 2.5 inch-pounds.

7.
The easiest way to reattach the Rear Plate/ Transceiver CCA is place the radio down, then rotate the Rear Plate/Transceiver CCA 180o and put it down above the radio so that the top of the radio and the top of the Transceiver are next to each other.  This will make it easier to reattach the antenna leads.  Attach the antenna leads to the Transceiver CCA.  Verify that the RF gasket is still in its groove on the rear plate - if it is out work it back into the groove (or replace).  Flip the Rear Plate/Transceiver CCA up and over, align the connector on the Transceiver CCA with the Control CCA connector and firmly press the rear plate on to the radio chassis.  Reattach 7 Torx screws and torque the screws to 2.5 inch-pounds.

The radio has been reassembled.

CHAPTER 6.0 .  TROUBLESHOOTING

6.1 Introduction.

This chapter is included to help qualified service personnel troubleshoot and repair the Racal 25 radio.  If questions or problems arise, please contact the Racal Help Line at 1-800-914-0303.  To help in troubleshooting and repairing the Racal25 radio please refer to the following sections of this Manual:

· Chapter 3.0
Software Theory of Operation

· Chapter 4.0
Hardware Theory of Operation

· Chapter 5.0
Assembly/Disassembly Instructions

· Chapter 7.0
Assembly Drawings

· Back of Document
Schematics

6.2 How to Use This Section.

This section contains basic radio functional tests.  When performing these tests, refer to Figure 6-1.  If a basic test fails, Figure 6-1 will refer you to the appropriate individual flowchart by Figure number.  Use the individual flowchart to find and correct the problem.  Once the problem has been corrected, restart the tests from the beginning.

6.3 Radio Functional Tests.

The tests in this section require the radio to be tested is programmed.  The suggested programming is to program all three auxiliary buttons to Hi/Lo Power, the Emergency button to Emergency, and the Toggle Switch to Zone Select.  Develop eighteen (18) Channels, three Zones, and one Bank.  Put sixteen (16) channels in Zone 1, one channel in Zone2 and one channel in Zone 3.  For all the channels, use assigned transmit and receive frequencies, turn transmit squelch off and set receive squelch to carrier, level 8.  When more than one remove and receive tasks are shown in a block, they are listed in order from most to least probable to fix the problem.  It is recommended that the remove and repair tasks are tried one at a time, and the radio retested, until the problem is fixed.

6.3.1 Overall Radio Test.

This test outlined at Figure 6‑1 is an overall test to check the radio, ensure it is working properly, and if not, try to determine where the problem resides.  As shown in Figure 6‑1, the tests in Figures 6-2 through Figure 6-6 will be run only if a part of this test fails.

6.3.1.1 Power-On Test.

Using the flowchart at Figure 6-2, this test ensures that the radio turns on, the latest software version number briefly appears, a beep is heard and an operational screen appears on the radio LCD.

6.3.1.2 Buttons and Switches Test.

Using the flowchart at Figure 6-3, this test ensures that the PTT, auxiliary buttons, toggle switch, emergency key, keypad, on/off/volume switch, and channel switch all work.

6.3.1.3 Transmit Test

Using the flowchart at Figure 6-4, this test ensures the radio has the required transmit power, frequency accuracy, and deviation.

6.3.1.4 Receive Test

Using the flowchart at Figure 6-5, this test ensures that the radio LED works, a 1kHz tone is heard, and that SINAD is within specified limits.

6.3.1.5 Audio Test

This test ensures that the radio internal speaker and microphone are working.  If the radio fails this test, please return it to Racal Communications for servicing.

6.3.1.6 Accessories Test

Using the flowchart at Figure 6-6, this test ensures that the lithium ion battery, the AA battery pack, the external speaker/microphone, the PC Programmer, and the cloning cable are working properly.

Figure 6‑1.  Overall Radio Test


Figure 6‑2.  Power-On Troubleshooting


Figure 6‑3.  Controls Troubleshooting (Sheet 1 of 2)


Figure 6-3.  Controls Troubleshooting (Sheet 2 of 2)


Figure 6‑4.  Transmit Troubleshooting


Figure 6‑5.  Receive Troubleshooting.


Figure 6‑6.  Accessories Troubleshooting Flowchart

CHAPTER 7.0 .  SPECIFICATIONS AND PARTS LISTS


Section I - INTRODUCTION

7.1 Parts List.

The Parts List shows the complete radio system divided into main groups.  The main groups are broken down into assemblies, subassemblies, and details.  In general, the assemblies and parts installed at the time the end item was manufactured are listed and identified in the manual. 


Figure and Index Number.  Lists the figure and index number of each part illustrated in the related figure.  The index numbers are in numerical sequence and identify each part number shown in the related figure.


Part Number.  Lists the part number, including dash numbers, assigned to each part.


Description.  Contains the description of all items appearing on the parts list.  The description contains modifiers necessary to identify the particular item. 


Units Per Assembly.  Contains the number of units required per assembly and/or subassembly.  If more than one assembly is required, the total number of assemblies is listed.  

7.2 Electrostatic Discharge (ESD) Sensitive Devices.

This equipment contains parts and assemblies sensitive to damage by Electrostatic Discharge (ESD).

7.3 Specifications.

7.3.1 Physical Characteristics.

Table 7‑1 contains the radio physical characteristics.

Table 7‑1.  Physical Characteristics

Characteristic
Measurement

Weight
17.5 ounces, including battery and antenna.

Dimensions 
2.60" wide x 7.50" high x 1.05" deep, including battery, excluding control knobs and antenna.

RF Power output
Programmable on a channel by channel basis to 0.1, 0.5, 1, 2 or 5 Watts (W), limited to 2W maximum when using alkaline batteries, when it is set to 5W.

Audio output
1W at maximum volume

Current Drain
Standby:
  60 mA nominal

Receive:
100-350 mA nominal, depending on volume setting

Transmit:
500 -1,500 mA nominal, depending on power setting

Operating Temperature
-30Celsius (C) (-22o Fahrenheit (F)) to +60C (140F)

Storage Temperature
-40C (-40F) to +85C (185F)

Relative humidity
95% non-condensing relative humidity through-out its operating temp range.

Immersibility
2 meters in fresh water for 1 hour.

7.3.2 Technical Specifications

7.3.2.1 System


Frequency Range
136 - 174 MHz

7.3.2.2 Transmit


RF Output Power (0.1W, 0.5W, 1.0W, 2.0W)
( 20%


RF Output Power (5.0W)
 + 20%, -0%


Operating Frequency Accuracy
( 2 ppm (± 1 ppm typical)


Radiated Spurious Emissions
( - 13 dBm


Conducted Spurious Emissions
( - 13 dBm


Adjacent Channel Power Ratio
( 70 dB @ 25kHz spacing


Intermodulation Attenuation
( + 40 dBm


Transmitter Encoder Attack Time
( 100 ms


Modulation Fidelity for C4FM
( 10% FM



( 34 dB AM


Symbol Rate Accuracy
( 10 ppm


RF Output Impedance
50 ohms nominal


IF Rejection
( 70 dB


Image Rejection
( 70 dB

7.3.2.3 Receive


Radiated Spurious Emissions (at 3 meters)
( 150 uV/m


Conducted Spurious Emissions
( - 57 dBm


Reference Sensitivity
( -116 dBm



( -121 dBm typical


Faded Reference Sensitivity
( -108 dBm


Frequency Tolerance
( 2 ppm (± 1 ppm typical)


Adjacent Channel Rejection
( 60 dB @ 25 kHz spacing


Co-Channel Rejection
( 9 dB


Intermodulation Rejection
( 70 dB


Spurious Response Rejection
( 70 dB


Signal Displacement Bandwidth
( 1 kHz


Audio Output Distortion
( 5 % (( 2 % typical)


Residual Audio Noise Ratio
( 45 dB silence



( 35 dB muted


Average Radiation Sensitivity
( 98 dBm


BIT Error Rate
( 0.01%

7.3.3 Accessory Equipment

Available accessory equipment is listed in Table 7‑2:

Table 7‑2.  Accessory Equipment



Description
Part Number
Application

Single-Unit Battery Charger
1600426-1
Recharges one battery at a time.

Six-Unit Battery Charger (AC/DC)
1600426-2
Recharges up to six batteries at one time, in a fielded environment.

Six-Unit battery Charger (AC only)
1600426-3
Recharges up to six batteries at one time, in an office environment.

Nylon Bag
1600467-1
A harness type support for the radio

Leather bag
1600467-2
A harness type support for the radio

Leather bag (for use with the alkaline battery cassette)
1600467-4
A harness type support for the radio

Standard Broadband Antenna
1600468-1
6-inch whip antenna, 136-174 MHz

Low-Band Narrowband Antenna
1600468-2
7.5-inch whip antenna, 136-152 MHz

Mid-Band Narrowband Antenna
1600468-3
7.5-inch whip antenna, 147-163 MHz

High-Band Narrowband Antenna
1600468-4
7.5-inch whip antenna, 158-174 MHz

Speaker-Microphone, AC Coupled                                     **
1600469-1
External audio accessory which includes a volume control and an earphone connector.

Speaker-Microphone, Balanced
1600469-2
External audio accessory which includes a volume control and an earphone connector.  It provides a greater volume than 1600469-1.

Surveillance Harness                **
1600497-1

 (3-wire tan) 1600497-2

 (3-wire black)

1600497-3

 (2-wire tan)

1600497-4

 (2-wire black)
Earpiece and wiring harness with audio connector for covert use of the radio.

Audio Transducer
1600497-5
Part of surveillance harness; transmits a signal between the radio and earpiece.

Wireless Earpiece
1600497-6
Part of surveillance harness, inductively coupled earpiece worn inside the ear.

Voice Tube
1600497-7
Part of surveillance harness; voice tube

Flexible Open Ear Insert
1600497-8
Part of surveillance harness; voice tube attachment to the ear.

DES Encryption Keyfill Cable **
3500459-501
Allows the loading of DES Encryption Keys through the side connector.

Belt Clip
40508
Mechanical means of attaching the radio to a belt.

Lithium-Ion Rechargeable Battery
4101106-501
Standard power source for the radio.  Can be recharged using the battery chargers.

Audio Adapter Assembly
4101179-501
Connects to the radio side connector to allow several audio accessories to be connected.

AA Battery Cassette/Top
4101287-501
Reusable case for ten (10) commercial alkaline batteries.

Cloning Cable
4500153-501
Allows cloning (transfer) of programming information from one radio to another.

PC Programmer 
MA6941C
Loads programming into the radio from a PC.  It includes software, manual, and a cable.

** - Requires the side connector accessory (4101179-1) to interface to the radio.

Table 7‑3.  Racal 25 Portable Radio (PRC6994HB-SYS)
Figure & Index No.
Part Number
Description
Units per Assy

7-1-1
1600468-1
Broadband Antenna, Standard 136‑174 MHz
1

7-1-2
4101256‑501
Unit Assy Racal 25 portable
1

7-1-3
4101106‑501
Battery Rechargeable, Lithium-Ion
1

not shown
4101171-501
AA Battery Cassette Clamshell (uses 10 AA batteries)
(optional)

not shown
1600468-2
Low Band Narrowband Antenna, 136 - 174 MHz
(optional)

not shown
1600468-3
Mid-Band Narrowband Antenna, 147-163 MHz
(optional)

not shown
1600468-4
High-Band Narrowband Antenna, 158-174 MHz
(optional)






Figure 7‑1.  Racal 25 Portable Radio

Table 7‑4.  Racal 25 Portable Transceiver (4101126-501)
Figure & Index No.
Part Number
Description
Units per Assy

7-2-1
4101254-501
Module Assy Ctrl/Crypto/Display
1

7-2-2
4101255-501
Module Assy Transceiver 136-174 MHz
1


Figure 7‑2.  Racal 25 Portable Transceiver



Figure 7‑3.  Racal 25 Control/Crypto/Display Module Assembly (4101254-501), Exploded View
Table 7‑5.  Racal 25 Control/Crypto/Display Module Assembly (4101254-501), Exploded View

Figure & Index No.
Part Number
Description
Units/

Assy
Figure & Index No.
Part Number
Description
Units/

Assy

7-3-A1
3100618-501
CCA, Keypad
1
7-3-48
4400437-1
Top Switch, Plastic
1

7-3-A2
4101258-501
CCA, Control
1
7-3-52
4400386-1
Power Pin
1

7-3-A3
1600482-1
Module LCD
1
7-3-53
3400523-1
Insulator, Power Pin
1

7-3-A4
3100628-501
CCA, Power Flex
1
7-3-54
3400520-1
Insulator, Data Pin
1

7-3-J1
4101160-501
Side Connector Assy
1
7-3-56
4400385-1
Seal, Insul, Power Pin
1

7-3-J2
60140
Plug, Flush Mount

7-3-57
3400518-1
Pin, Data
1

7-3-S1
50002
Switch, Toggle
1
7-3-58
3400519-1
Pin, Data Cap
1

7-3-S2,

7-3-S3
3600178-1
Switch, 16 Position
2
7-3-60
71101-2506
Screw
1

7-2-W1
3500384-502
Cable Assy, Speaker/ Microphone
1
7-3-61
71101-2510
Screw
1

7-3-W2
55236-11
Cable, Flex
1
7-3-62
74856
Nut, Plain
1

7-3-W3
2600133-1
Cable Assy
1
7-3-63
75016
Washer, Lock
1

7-3-W4
3300151-1
FFC, Top Switch
1
7-3-64
71101-2005-BLK
Screw
4

7-3-W5
3300155-1
FFC, Side Connector
1
7-3-65
SS-2400568-1
Nut, Switch
2

7-3-W6
2600133-2
Cable Assy
1
7-3-66
SS-71464
Washer, Crinkle
2

7-3-W7
3300153-1
FFC, PTT
1
7-3-67
81833
Retaining Ring
1

7-3-22
71100-2004
Screw
6
7-3-68
91215
Spring, Compression
1

7-3-25
2600122-2
Gasket, Fibrous
1
7-3-69
91167
Spring, Compression
1

7-3-28
SS-71460
Washer, Lock
10
7-3-70
81286
O-Ring
1

7-3-30
81038
Knob, Volume
1
7-3-71
81287
O-Ring
1

7-3-31
81037
Knob, Channel
1
7-3-72
81288
O-Ring
2

7-3-32
42764
Speaker
1
7-3-75
3400607-1
Adhesive Preform LCD
1

7-3-35
3400506-1
Plate, Negative
1
7-3-77
4101173-501
Chassis Assy
1

7-3-38
4400381-1
Gasket Side Connector
1
7-3-78
4400382-1
Light Pipe
1

7-3-39
4400416-1
Rubber, PTT
1
7-3-79
3400547-1
Seal, Light Pipe
1

7-3-40
4400378-1
Cover, PTT
1
7-3-80
2100388-501
Side Coaxial Assy
1

7-3-41
4400384-1
Actuator, PTT
1
7-3-85
2400781-1
Nut Microphone Hldr
1

7-3-44
4400412-1
Keypad, 16 Button
1
7-3-86
B4009086
Washer, Insulating
1

7-3-45
3600156-1
Window, LCD
1
7-3-87
71100-2006
Screw
4

7-3-47
3400516-1
Button, Emergency
1
7-3-90
77009
Set Screw
2

7-3-81, 7-3-82, 7-3-83, and 7-3-84 are Adhesives, Sealants and Lubricants and as such are not listed.


Figure 7‑4.  Racal 25 Transceiver Assembly (4101255-501)

Table 7‑6.  Racal 25 Transceiver Assembly (4101255-501)

Figure & Index No.
Part Number
Description
Units per Assy

7-4-21
4101257-501
Circuit Card Assembly, Transceiver
1

7-4-22
4101259-501
Cover Assembly, Rear, Finished
1

7-4-23
4400367-1
Cover, Rear, Rubber Seal
1

7-4-24
4400368-1
Clamp Bar
2

7-4-25
71100-2004
Screw
4

7-4-27
SS-71460
Washer, Lock
4

7-4-29
4400392-1
Shield, RF
1

7-4-30
91087
Adhesive Sealant, Dow RTV 3140
A/R

7-4-31
91012
Thermal Compound
A/R

7-4-32
595012
Insulation, Acoustic AM 90S
A/R







Figure 7‑5.  Racal 25 Keypad CCA (3100618-501)

Figure 7‑6.  Racal 25 Control CCA (4101258-501)


This page left blank intentionally

Figure 7‑7.  Racal 25 Transceiver Circuit Card (4101257-501), PRIMARY SIDE

Figure 7‑8.  Racal 25 Transceiver Circuit Card (4101257-501), SECONDARY SIDE

Table 7‑7.  Transceiver CCA (4101257-501) Bill of Materials

Reference Designation

Part Number
Transceiver CCA Component Description

A/R
595012
INSULATION ACOUSTIC AM 90S (1

B1
45270
BEAD FERRITE 50@100

CAPACITORS

C1
22564-104
CERAMIC 0603 X7R 0.1 uF10

C2
22564-104
CERAMIC 0603 X7R 0.1 uF10

C3
22564-104
CERAMIC 0603 X7R 0.1 uF10

C4
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C5
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C6
22565-390
CERAMIC 0402 COG 39 pF

C7
22567-103
CERAMIC 0402 X7R 0.01 uF

C8
25149-1R0-B-50
CERAMIC 0603 COG 1.0 pF-.1pF

C9
25149-2R7-B-50
CERAMIC 0603 COG 2.7 pF-.1pF

C10
25149-9R1-B-50
CERAMIC 0603 COG 9.1 pF-.1pF

C11
25149-5R6-B-50
CERAMIC 0603 COG 5.6 pF-.1pF

C12
22565-121
CERAMIC 0402 COG 120 pF

C13
22565-121
CERAMIC 0402 COG 120 pF

C14
22579-180-G-50
CERAMIC 0603 COH 18 pF

C15
SS-22555-220
CERAMIC 0805 NPO 22 pF 2% 200v

C16
22579-220-G-50
CERAMIC 0603 COH 22 pF 2

C17
22579-220-G-50
CERAMIC 0603 COH 22 pF 2

C18
25149-8R2-B-50
CERAMIC 0603 COG 8.2 pF-.1pF

C19
SS-28058
VAR CERAMIC NPO 2-10 pF SMT

C22
22564-104
CERAMIC 0603 X7R 0.1 uF10

C23
22565-151
CERAMIC 0402 COG 150 pF 5

C25
22580-6R2
CERAMIC 0603 COG 6.2 pF +/-.25p

C26
22567-103
CERAMIC 0402 X7R 0.01 uF10

C27
22564-104
CERAMIC 0603 X7R 0.1 uF10

C28
22565-330
CERAMIC 0402 COG 33 pF 5

C30
SS-22555-180
CERAMIC 0805 NPO 18 pF 2% 200V

C31
22571-100
CERAMIC 0402 COG 10 pF+/-.25pF

C34
22564-104
CERAMIC 0603 X7R 0.1 uF10

C38
22564-104
CERAMIC 0603 X7R 0.1 uF10

C43
SS-25122-475-10
TANTALUM A-CASE 4.7 uF 10% 10V

C53
25149-100-G-50
CERAMIC 0603 COG 10 pF 2

C56
22571-100
CERAMIC 0402 COG 10 pF+/-.25pF

C57
22571-1R8
CERAMIC 0402 COG 1.8 pF+/-.25pF

C59
22565-101
CERAMIC 0402 COG 100 pF 5

C61
22565-121
CERAMIC 0402 COG 120 pF 5

C67
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C68
25122-335-16
TANTALUM A-CASE 3.3 uF 10% 16V

C69
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C70
22584-224
CERAMIC 0603 X7R 0.22 uF10

C71
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C72
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C73
22565-101
CERAMIC 0402 COG 100 pF 5

C74
22567-103
CERAMIC 0402 X7R 0.01 uF10

C75
22571-3R9
CERAMIC 0402 COG 3.9 pF+/-.25pF

C76
SS-22527-102
CERAMIC 0805 NPO 1000 pF 5% 50V

C77
25149-100-G-50
CERAMIC 0603 COG 10 pF 2

C78
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C79
22565-270
CERAMIC 0402 COG 27 pF 5

C81
SS-22554-2R7
CERAMIC 0805 NPO 2.7 pF+/-.25pF

C82
SS-22555-330
CERAMIC 0805 NPO 33 pF 2% 200V

C83
25156-9R0-D-50
CERAMIC 0805 COG 9.0 pF +/-0.5p

C84
SS-22555-120
CERAMIC 0805 NPO 12 pF 2% 200V

C85
25149-100-G-50
CERAMIC 0603 COG 10 pF 2

C86
22579-150-G-50
CERAMIC 0603 COH 15 pF 2

C87
22571-1R8
CERAMIC 0402 COG 1.8 pF+/-.25pF

C88
22567-103
CERAMIC 0402 X7R 0.01 uF10

C89
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C90
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C91
22572-271
CERAMIC 0402 X7R  270 pF 5% 50V

C92
22567-103
CERAMIC 0402 X7R 0.01 uF10

C93
22584-224
CERAMIC 0603 X7R 0.22 uF10

C94
SS-22527-102
CERAMIC 0805 NPO 1000 pF 5% 50V

C95
22572-332
CERAMIC 0402 X7R 3300 pF 5% 50V

C96
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C97
SS-22527-102
CERAMIC 0805 NPO 1000 pF 5% 50V

C98
SS-22527-102
CERAMIC 0805 NPO 1000 pF 5% 50V

C99
22567-103
CERAMIC 0402 X7R 0.01 uF10

C100
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C101
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C102
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C103
22572-391
CERAMIC 0402 X7R  390 pF 5% 50V

C104
22572-391
CERAMIC 0402 X7R  390 pF 5% 50V

C105
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C106
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C107
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C108
SS-25122-475-10
TANTALUM A-CASE 4.7 uF 10% 10V

C109
22564-104
CERAMIC 0603 X7R 0.1 uF

C110
22567-103
CERAMIC 0402 X7R 0.01 uF10

C111
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C112
SS-22527-102
CERAMIC 0805 NPO 1000 pF 5% 50V

C113
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C114
22579-100-G-50
CERAMIC 0603 COH 10 pF 2

C116
SS-22527-561
CERAMIC 0805 NPO  560 pF 5% 50V

C117
22564-104
CERAMIC 0603 X7R 0.1 uF

C118
25148-105-25-A
TANTALUM A-CASE 1 uF 10% 25V

C120
SS-25122-475-10
TANTALUM A-CASE 4.7 uF 10% 10V

C121
25148-105-25-A
TANTALUM A-CASE 1 uF 10% 25V

C123
SS-25122-475-10
TANTALUM A-CASE 4.7 uF 10% 10V

C124
SS-25122-475-10
TANTALUM A-CASE 4.7 uF 10% 10V

C125
SS-25131
TANTALUM A-CASE 2.2 uF 10% 10V

C126
22564-153
CERAMIC 0603 X7R 0.015 uF 10% 16V

C127
25149-100-G-50
CERAMIC 0603 COG 10 pF 2

C128
22564-104
CERAMIC 0603 X7R 0.1 uF10

C129
22564-104
CERAMIC 0603 X7R 0.1 uF10

C130
25149-1R0-B-50
CERAMIC 0603 COG 1.0 pF +/-.1pF

C131
22572-332
CERAMIC 0402 X7R 3300 pF 5% 50V

C132
22565-221
CERAMIC 0402 COG 220 pF

C133
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C134
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C135
25149-8R2-B-50
CERAMIC 0603 COG 8.2 pF?-.1pF

C136
25149-6R8-B-50
CERAMIC 0603 COG 6.8 pF?-.1pF

C137
22579-220-G-50
CERAMIC 0603 COH 22 pF 2

C138
22579-220-G-50
CERAMIC 0603 COH 22 pF 2

C139
22571-4R7
CERAMIC 0402 COG 4.7 pF+/-.25pF

C140
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C141
22564-104
CERAMIC 0603 X7R 0.1 uF10

C142
22579-220-G-50
CERAMIC 0603 COH 22 pF 2

C143
25148-106-10-B
TANTALUM B-CASE 10 uF 10% 10V

C144
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C145
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C146
22564-223
CERAMIC 0603 X7R 0.022 uF 10% 16V

C147
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C148
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C149
25149-120-G-50
CERAMIC 0603 COG 12 pF 2

C150
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C151
22564-104
CERAMIC 0603 X7R 0.1 uF10

C152
SS-25131
TANTALUM A-CASE 2.2 uF 10% 10V

C153
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C154
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C155
22564-104
CERAMIC 0603 X7R 0.1 uF10

C156
22564-104
CERAMIC 0603 X7R 0.1 uF10

C157
22564-104
CERAMIC 0603 X7R 0.1 uF10

C158
22564-104
CERAMIC 0603 X7R 0.1 uF10

C159
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C160
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C161
22564-223
CERAMIC 0603 X7R 0.022 uF 10% 16V

C162
25148-106-10-B
TANTALUM B-CASE 10 uF 10% 10V

C163
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C164
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C165
25149-100-G-50
CERAMIC 0603 COG 10 pF 2

C166
25149-9R1-B-50
CERAMIC 0603 COG 9.1 pF?-.1pF

C167
22565-150
CERAMIC 0402 COG 15 pF 5

C168
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C169
22579-270-J-25
CERAMIC 0603 COH 27 pF 5

C170
22565-150
CERAMIC 0402 COG 15 pF 5

C171
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C172
22562-682
CERAMIC 0603 X7R 6800 pF10% 50V

C173
22568-222
CERAMIC 0402 X7R 2200 pF10% 25V

C174
22571-4R7
CERAMIC 0402 COG 4.7 pF+/-.25pF

C175
22579-150-G-50
CERAMIC 0603 COH 15 pF 2

C176
22579-150-G-50
CERAMIC 0603 COH 15 pF 2

C177
22573-683
CERAMIC 1206 X7R 0.068 uF 5%100V

C178
22564-104
CERAMIC 0603 X7R 0.1 uF10

C179
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C180
22579-180-G-50
CERAMIC 0603 COH 18 pF 2

C181
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C182
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C183
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C184
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C185
22565-150
CERAMIC 0402 COG 15 pF 5

C186
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C187
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C188
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C189
22564-104
CERAMIC 0603 X7R 0.1 uF

C190
SS-25133
CHIP TANTALUM 2.2uF 20% 16V

C191
22567-103
CERAMIC 0402 X7R 0.01 uF

C192
22564-104
CERAMIC 0603 X7R 0.1 uF

C193
25148-105-25-A
TANTALUM A-CASE 1 uF 10% 25V

C194
22567-103
CERAMIC 0402 X7R 0.01 uF

C195
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C196
SS-25122-105-35
TANTALUM B-CASE 1.0 uF 10% 35V

C197
22565-181
CERAMIC 0402 COG 180 pF

C198
22565-151
CERAMIC 0402 COG 150 pF

C199
22583-333
CERAMIC 0603 X7R 0.033 uF 10% 25V

C200
22564-104
CERAMIC 0603 X7R 0.1 uF 10

C201
SS-25122-105-35
TANTALUM B-CASE 1.0 uF 10% 35V

C202
22583-333
CERAMIC 0603 X7R 0.033 uF 10% 25V

C203
22583-333
CERAMIC 0603 X7R 0.033 uF 10% 25V

C206
SS-25122-105-35
TANTALUM B-CASE 1.0 uF 10% 35V

C207
SS-22527-102
CERAMIC 0805 NPO 1000 pF 5% 50V

C208
SS-22527-102
CERAMIC 0805 NPO 1000 pF 5% 50V

C209
SS-22555-270
CERAMIC 0805 NPO 27 pF 2% 200V

C210
22564-104
CERAMIC 0603 X7R 0.1  uF 10

C211
22564-104
CERAMIC 0603 X7R 0.1 uF 10

C213
SS-22543-151
CERAMIC 0805 NPO 150 pF 2% 100V

C214
22564-104
CERAMIC 0603 X7R 0.1 uF 10

C215
22564-104
CERAMIC 0603 X7R 0.1 uF 10

C216
22564-104
CERAMIC 0603 X7R 0.1 uF 10

C217
22564-104
CERAMIC 0603 X7R 0.1 uF 10

C218
SS-19350-0402
RES 0402 JUMPER ZERO-OHM

C222
22564-104
CERAMIC 0603 X7R 0.1 uF10

C223
22565-180
CERAMIC 0402 COG 18 pF 5

C224
22564-104
CERAMIC 0603 X7R 0.1 uF

C225
22564-104
CERAMIC 0603 X7R 0.1 uF

C226
22565-560
CERAMIC 0402 COG 56 pF

C227
22565-560
CERAMIC 0402 COG 56 pF

C228
22567-103
CERAMIC 0402 X7R 0.01 uF

C229
25150-226-25-D
CAP TAN D-CASE 22 uF 20% TPS

C230
22564-104
CERAMIC 0603 X7R 0.1 uF

C231
22564-104
CERAMIC 0603 X7R 0.1 uF

C233
22564-104
CERAMIC 0603 X7R 0.1 uF

C236
22564-104
CERAMIC 0603 X7R 0.1 uF

C237
22571-8R2
CERAMIC 0402 COG 8.2 pF +/- 0.25 pF

C240
22564-104
CERAMIC 0603 X7R 0.1 uF

C241
22567-103
CERAMIC 0402 X7R .01 uF

C242
22565-390
CERAMIC 0402 COG 39 pF

C244
22564-104
CERAMIC 0603 X7R 0.1 uF

C245
22564-104
CERAMIC 0603 X7R 0.1 uF

C246
22564-104
CERAMIC 0603 X7R 0.1 uF

C247
22571-3R3
CERAMIC 0402 COG 3.3 pF+/-.25 pF

C248
22564-104
CERAMIC 0603 X7R .1 uF

C249
22564-104
CERAMIC 0603 X7R 0.1 uF

C256
22564-104
CERAMIC 0603 X7R 0.1 uF

C257
22564-104
CERAMIC 0603 X7R 0.1 uF

C267
22564-104
CERAMIC 0603 X7R 0.1 uF

C268
SS-25131
TANTALUM A-CASE 2.2 uF 10% 10V

C269
22564-104
CERAMIC 0603 X7R 0.1 uF

C270
22564-104
CERAMIC 0603 X7R 0.1 uF

C271
22564-104
CERAMIC 0603 X7R 0.1 uF

C275
22564-104
CERAMIC 0603 X7R 0.1 uF

C276
22564-104
CERAMIC 0603 X7R 0.1 uF

C277
22564-104
CERAMIC 0603 X7R 0.1 uF

C278
22564-104
CERAMIC 0603 X7R 0.1 uF

C279
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C284
22565-910
CERAMIC 0402 COG 91 pF

C285
22571-2R2
CERAMIC 0402 COG 2.2 pF +/-.25 pF

C286
22571-3R3
CERAMIC 0402 COG 3.3 pF +/-.25 pF

C287
22565-121
CERAMIC 0402 COG 120 pF

C288
22579-150-G-50
CERAMIC 0603 COH 15 pF

C289
22565-910
CERAMIC 0402 COG 91 pF

C290
22564-104
CERAMIC 0603 X7R .1 uF

C292
SS-25122-475-10
TANTALUM A-CASE 4.7 uF 10% 10V

C293
22565-120
CERAMIC 0402 COG 12 pF

C295
22567-103
CERAMIC 0402 X7R .01uF

C297
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C298
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C299
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C300
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C301
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C302
22564-104
CERAMIC 0603 X7R .1 uF

C303
22564-104
CERAMIC 0603 X7R .1 uF

C304
22584-224
CERAMIC 0603 X7R .22 uF

C305
22584-224
CERAMIC 0603 X7R .22 uF

C306
22564-104
CERAMIC 0603 X7R .1 uF

C307
22583-333
CERAMIC 0603 X7R .033 uF 10% 25V

C308
22583-333
CERAMIC 0603 X7R .033 uF 10% 25V

C309
22583-333
CERAMIC 0603 X7R .033 uF 10% 25V

C310
22572-471
CERAMIC 0402 X7R  470 pF 5% 50V

C311
22564-104
CERAMIC 0603 X7R .1 uF

C312
22564-104
CERAMIC 0603 X7R .1 uF

C313
22564-104
CERAMIC 0603 X7R .1 uF

C314
22564-104
CERAMIC 0603 X7R .1 uF

DIODES

CR1
SS-36034
MMBD701 (SH)HOT CARRIER

CR2
SS-36034
MMBD701 (SH)HOT CARRIER

CR3
29050
VARACTOR SMV1236-004 SOT

CR4
29050
VARACTOR SMV1236-004 SOT

CR5
29043
PIN DUAL SMP1304-004

CR6
29043
PIN DUAL SMP1304-004

CR7
36047
PIN MA4P7001F

CR8
36047
PIN MA4P7001F

CR9
36047
PIN MA4P7001F

CR10
36047
PIN MA4P7001F

CR11
SS-35616
SCHOTT HSMS-2800

CR12
SS-35616
SCHOTT HSMS-2800

CR13
36047
PIN MA4P7001F

CR14
36047
PIN MA4P7001F

CR15
SS-29031
BBY31 VARACTOR

CR16
SS-29029
BBY40 VARACTOR

CR17
29044
VARACTOR SMV1213-001

CR18
SS-29029
BBY40 VARACTOR

CR19
29054
VARACTOR SMV1493-011 SOD

CR20
29036
VARACTOR SMV1207-001

CR21
29036
VARACTOR SMV1207-001

CR22
SS-29029
BBY40 VARACTOR

CR23
SS-35620
BAR43S SCHOTT DUAL (DA5)

CR24
SS-35620
BAR43S SCHOTT DUAL (DA5)

CR25
SS-35620
BAR43S SCHOTT DUAL (DA5)

CR26
29037
VARACTOR SMV1236-011

CR27
29050
VARACTOR SMV1236-004 SOT

CR28
29050
VARACTOR SMV1236-004 SOT

CR35
SS-35620
BAR43S SCHOTT DUAL (DA5)

FILTERS

FL1
1600471-1
CRYSTAL 45 MHz

FL2
37107
CERAMIC 455KHz 25KHz BW

FL3
37121
CERAMIC 455KHz 15KHz BW

FL4
1600479-1
CRYSTAL 45 MHz 2 POLE

SOCKET CONNECTORS

J1
61100-32
HDR 6mm STKG 32-PIN SMT

J2
60165
RF OSMT/SSMT RCPT  SMT

J3
60165
RF OSMT/SSMT RCPT  SMT

J4
60165
RF OSMT/SSMT RCPT  SMT

INDUCTORS

L1
43103-560-2
CERAMIC 0805 WW 56 nH  2%

L2
43103-470-2
CERAMIC 0805 WW 47 nH  2%

L3
43103-560-2
CERAMIC 0805 WW 56 nH  2%

L4
43103-101-2
CERAMIC 0805 WW 100 nH  2%

L5
43103-101-2
CERAMIC 0805 WW 100 nH  2%

L6
3400439-5
COIL AIR CORE

L7
43104-R47
CERAMIC 1008 WW 0.47 uH  2%

L8
3400439-5
COIL AIR CORE

L9
43103-560-2
CERAMIC 0805 WW 56 nH  2%

L10
43115-331-5
MLC 0805 330 nH  5%

L11
43104-1R2
CERAMIC 1008 WW 1.2 uH  2%

L12
43109-R68
MLC 0805 SHLD 680 nH 10%

L13
43109-R47
MLC 0805 SHLD 470 nH 10%

L14
3400439-12
COIL AIR CORE

L15
3400439-3
COIL AIR CORE

L16
43104-1R8
CERAMIC 1008 WW 1.8 uH  2%

L17
43103-820-2
CERAMIC 0805 WW 82 nH  2%

L18
43083-6R8
FER 1008 WW 6.8 uH  5%

L19
43107-12R5
RF AIR CORE SMT 12.55 nH 5%

L20
43103-330-2
CERAMIC 0805 WW 33 nH  2%

L21
43103-390-2
CERAMIC 0805 WW 39 nH  2%

L24
43119-1R2
FER 1008 SHLD 1.2 uH 10%

L25
43111-101-5
CERAMIC 0603 WW 100 nH  5%

L27
43103-820-2
CERAMIC 0805 WW 82 nH  2%

L28
43115-121-10
MLC 0805 120 nH 10%

L29
43107-9R85
AIR CORE SMT 9.85 nH

L30
3400439-11
COIL AIR CORE

L31
3400439-10
COIL AIR CORE

L32
43115-8R2-5
MLC 0805 8.2 nH  5%

L34
43115-8R2-5
MLC 0805 8.2 nH  5%

L35
43115-271-10
MLC 0805 270 nH 10%

L36
43103-470-2
CERAMIC 0805 WW 47 nH  2%

L37
43103-820-2
CERAMIC 0805 WW 82 nH  2%

L38
43104-1R2
CERAMIC 1008 WW 1.2 uH  2%

L39
43104-1R2
CERAMIC 1008 WW 1.2 uH  2%

L40
43104-R27
CERAMIC 1008 WW 0.27 uH  2%

L41
43104-1R2
CERAMIC 1008 WW 1.2 uH  2%

L42
3400439-11
COIL AIR CORE

L43
43103-820-2
CERAMIC 0805 WW 82 nH  2%

L44
SS-43093-1R5
CERAMIC 1008 WW 1.5 uH 10%

L45
43103-101-2
CERAMIC 0805 WW 100 nH  2%

L46
43103-101-2
CERAMIC 0805 WW 100 nH  2%

L47
SS-43093-1R5
CERAMIC 1008 WW 1.5 uH 10%

L48
43115-560-5
MLC 0805 56 nH  5%

L49
43115-680-5
MLC 0805 68 nH  5%

L50
43115-680-5
MLC 0805 68 nH  5%

L51
SS-43093-1R5
CERAMIC 1008 WW 1.5 uH 10%

L52
43115-270-5
MLC 0805 27 nH  5%

L53
3400439-1
COIL AIR CORE

L55
SS-43093-1R5
CERAMIC 1008 WW 1.5 uH 10%

L56
43103-680-5
CERAMIC 0805 WW 68 nH  5%

L60
43104-1R5
CERAMIC 1008 WW 1.5 uH  2%

L61
43115-391-10
MLC 0805 390 nH 10%

L62
43104-R82
CERAMIC 1008 WW 0.82 uH  2%

L63
43115-151-10
MLC 0805 150 nH 10%

L64
43104-1R0
CERAMIC 1008 WW 1.0 uH  2%

L65
43109-R68
MLC 0805 SHLD 680 nH 10%

L66
43083-1R2
FER 1008 WW 1.2 uH  5%

TRANSISTORS

Q1
32098
MMBR941 LOW-NOISE NPN

Q2
32099
MMBR901 RF AMPLIFIER NPN

Q5
SS-32089-3906
MMBT3906 PNP

Q6
32635
PTF10027 MOSFET_N-CHAN

Q7
32098
MMBR941 LOW-NOISE NPN

Q8
SS-32597
MRF5812 NPN RF

Q9
32635
PTF10027 MOSFET_N-CHAN

Q10
32631
Si2301DS MOSFET_P-CH

Q11
32631
Si2301DS MOSFET_P-CH

Q12
32631
Si2301DS MOSFET_P-CH

Q13
32631
Si2301DS MOSFET_P-CH

Q14
SS-32564
BSS123 FET N-CHAN

Q15
SS-32564
BSS123 FET N-CHAN

Q16
SS-32564
BSS123 FET N-CHAN

Q17
SS-32564
BSS123 FET N-CHAN

Q18
SS-32564
BSS123 FET N-CHAN

Q19
SS-32564
BSS123 FET N-CHAN

Q21
32099
MMBR901 RF AMPLIFIER NPN

Q22
32099
MMBR901 RF AMPLIFIER NPN

Q23
32099
MMBR901 RF AMPLIFIER NPN

Q24
32099
MMBR901 RF AMPLIFIER NPN

Q25
32099
MMBR901 RF AMPLIFIER NPN

Q26
32099
MMBR901 RF AMPLIFIER NPN

Q27
32099
MMBR901 RF AMPLIFIER NPN

Q28
32099
MMBR901 RF AMPLIFIER NPN

Q31
32631
Si2301DS MOSFET_P-CH

Q32
32631
Si2301DS MOSFET_P-CH

Q33
SS-32564
BSS123 FET N-CHAN

Q34
SS-32564
BSS123 FET N-CHAN

Q35
32099
MMBR901 RF AMPLIFIER NPN

Q36
32099
MMBR901 RF AMPLIFIER NPN

Q46
SS-32089-3904
MMBT3904 NPN

RESISTORS

R1
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R2
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R3
19388-2671
0402 FILM 2.67K OHM 1% 0.06W

R4
19388-51R1
0402 FILM 51.1 OHM 1% 0.06W

R5
19388-51R1
0402 FILM 51.1 OHM 1% 0.06W

R6
19388-2671
0402 FILM 2.67K OHM 1% 0.06W

R7
19388-3011
0402 FILM 3.01K OHM 1% 0.06W

R8
19388-3320
0402 FILM 332 OHM 1% 0.06W

R9
19388-1003
0402 FILM 100K OHM 1% 0.06W

R10
19388-3011
0402 FILM 3.01K OHM 1% 0.06W

R11
19388-3320
0402 FILM 332 OHM 1% 0.06W

R12
19388-51R1
0402 FILM 51.1 OHM 1% 0.06W

R31
19388-2003
0402 FILM 200K OHM 1% 0.06W

R33
19388-1821
0402 FILM 1.82K OHM 1% 0.06W

R36
SS-19360-61R9
0805 FILM 61.9 OHM 1% 0.06W

R37
SS-19360-61R9
0805 FILM 61.9 OHM 1% 0.06W

R38
SS-19360-56R2
0805 FILM 56.2 OHM 1% 0.06W

R39
19388-2431
0402 FILM 2.43K OHM 1% 0.06W

R41
19388-6811
0402 FILM 6.81K OHM 1% 0.06W

R42
19388-1002
0402 FILM 10K OHM 1% 0.06W

R43
19388-1002
0402 FILM 10K OHM 1% 0.06W

R44
19388-3010
0402 FILM 301 OHM 1% 0.06W

R45
19388-3320
0402 FILM 332 OHM 1% 0.06W

R46
19388-1001
0402 FILM 1K OHM 1% 0.06W

R47
19388-5620
0402 FILM 562 OHM 1% 0.06W

R48
19388-3921
0402 FILM 3.92K OHM 1%.06W

R49
19388-18R2
0402 FILM 18.2 OHM 1%.06W

R50
19388-22R1
0402 FILM 22.1 OHM 1%.06W

R51
19388-51R1
0402 FILM 51.1 OHM 1%.06W

R52
19388-3010
0402 FILM 301 OHM 1%.06W

R53
19388-5620
0402 FILM 562 OHM 1%.06W

R54
19388-5620
0402 FILM 562 OHM 1%.06W

R55
19388-3921
0402 FILM 3.92K OHM 1%.06W

R57
19388-3920
0402 FILM 392 OHM 1%.06W

R58
19388-1621
0402 FILM 1.62K OHM 1%.06W

R59
19388-1621
0402 FILM 1.62K OHM 1%.06W

R60
19388-6810
0402 FILM 681 OHM 1%.06W

R62
19388-5620
0402 FILM 562 OHM 1%.06W

R63
19388-4750
0402 FILM 475 OHM 1%.06W

R64
SS-19350-0402
0402 JUMPER ZERO-OHM

R66
19388-51R1
0402 FILM 51.1 OHM 1%.06W

R67
19388-51R1
0402 FILM 51.1 OHM 1%.06W

R68
19388-1003
0402 FILM 100K OHM 1%.06W

R69
19388-1001
0402 FILM 1K OHM 1%.06W

R70
19388-1001
0402 FILM 1K OHM 1%.06W

R71
19388-2002
0402 FILM 20K OHM 1%.06W

R72
19388-1821
0402 FILM 1.82K OHM 1%.06W

R73
19388-1821
0402 FILM 1.82K OHM 1%.06W

R74
19388-1003
0402 FILM 100K OHM 1%.06W

R75
19388-2211
0402 FILM 2.21K OHM 1%.06W

R76
SS-19360-43R2
0805 FILM 43.2 OHM 1%.06W

R77
SS-19360-43R2
0805 FILM 43.2 OHM 1%.06W

R78
SS-19360-47R5
0805 FILM 47.5 OHM 1%.06W

R79
19388-1003
0402 FILM 100K OHM 1%.06W

R80
19388-1003
0402 FILM 100K OHM 1%.06W

R81
19388-1003
0402 FILM 100K OHM 1%.06W

R82
19388-1003
0402 FILM 100K OHM 1%.06W

R83
SS-19360-43R2
0805 FILM 43.2 OHM 1%.06W

R84
SS-19360-43R2
0805 FILM 43.2 OHM 1%.06W

R85
SS-19360-47R5
0805 FILM 47.5 OHM 1%.06W

R86
19388-1003
0402 FILM 100K OHM 1%.06W

R87
19388-10R0
0402 FILM 10 OHM 1%.06W

R89
19388-1103
0402 FILM 110K OHM 1%.06W

R91
19388-2003
0402 FILM 200K OHM 1%.06W

R92
19388-7501
0402 FILM 7.5K OHM 1%.06W

R93
19388-1002
0402 FILM 10K OHM 1%.06W

R94
19388-1823
0402 FILM 182K OHM 1%.06W

R95
19388-1502
0402 FILM 15K OHM 1%.06W

R96
19388-4321
0402 FILM 4.32K OHM 1%.06W

R97
19388-3921
0402 FILM 3.92K OHM 1%.06W

R98
19388-2372
0402 FILM 23.7K OHM 1%.06W

R99
19388-47R5
0402 FILM 47.5 OHM 1%.06W

R100
19388-47R5
0402 FILM 47.5 OHM 1%.06W

R101
19388-2211
0402 FILM 2.21K OHM 1%.06W

R102
19388-1001
0402 FILM 1K OHM 1%.06W

R103
19388-1820
0402 FILM 182 OHM 1%.06W

R104
19388-4321
0402 FILM 4.32K OHM 1%.06W

R105
19388-4751
0402 FILM 4.75K OHM 1%.06W

R106
19388-22R1
0402 FILM 22.1 OHM 1%.06W

R107
19388-10R0
0402 FILM 10 OHM 1%.06W

R109
19388-3320
0402 FILM 332 OHM 1%.06W

R110
19388-5621
0402 FILM 5.62K OHM 1%.06W

R111
19388-10R0
0402 FILM 10 OHM 1%.06W

R112
19388-5110
0402 FILM 511 OHM 1%.06W

R113
19388-1000
0402 FILM 100 OHM 1% 0.06W

R114
19388-1004
0402 FILM 1M OHM 1%.06W

R115
19388-4750
0402 FILM 475 OHM 1%.06W

R116
19388-1002
0402 FILM 10K OHM 1%.06W

R117
19388-1101
0402 FILM 1.1K OHM 1%.06W

R118
19388-6810
0402 FILM 681 Ohm 1%.06w

R119
19388-1000
0402 FILM 100 Ohm 1%.06w

R120
19388-1301
0402 FILM 1.3k Ohm 1%.06w

R121
19388-1004
0402 FILM 1M OHM 1%.06W

R122
19388-1210
0402 FILM 121 OHM 1%.06W

R123
19388-3572
0402 FILM 35.7K OHM 1%.06W

R124
19388-47R5
0402 FILM 47.5 OHM 1%.06W

R125
19388-47R5
0402 FILM 47.5 OHM 1%.06W

R126
19388-1000
0402 Film 100 OHM 1% 0.06W

R127
19388-22R1
0402 FILM 22.1 OHM 1%.06W

R128
19388-47R5
0402 FILM 47.5 OHM 1%.06W

R129
19388-1004
0402 FILM 1M OHM 1%.06W

R130
19388-2211
0402 FILM 2.21K OHM 1%.06W

R131
19388-16R2
0402 FILM 16.2 OHM 1%.06W

R132
19388-1820
0402 FILM 182 OHM 1%.06W

R133
19388-2211
0402 FILM 2.21K OHM 1%.06W

R134
19388-4752
0402 FILM 47.5K OHM 1%.06W

R135
SS-19350-0402
0402 JUMPER ZERO-OHM

R136
19388-1820
0402 FILM 182 OHM 1%.06W

R137
19388-4321
0402 FILM 4.32K OHM 1%.06W

R138
19388-16R2
0402 FILM 16.2 OHM 1%.06W

R139
19388-16R2
0402 FILM 16.2 OHM 1%.06W

R140
19388-2212
0402 FILM 22.1K OHM 1%.06W

R141
19388-16R2
0402 FILM 16.2 OHM 1%.06W

R142
19388-16R2
0402 FILM 16.2 OHM 1%.06W

R143
19388-51R1
0402 FILM 51.1 OHM 1%.06W

R144
19388-16R2
0402 FILM 16.2 OHM 1%.06W

R145
19388-4751
0402 FILM 4.75K OHM 1%.06W

R146
19388-10R0
0402 FILM 10 OHM 1%.06W

R147
19388-3011
0402 FILM 3.01K OHM 1%.06W

R148
19388-2670
0402 FILM 267 OHM 1%.06W

R149
19388-3320
0402 FILM 332 OHM 1%.06W

R150
19388-5621
0402 FILM 5.62K OHM 1%.06W

R151
19388-22R1
0402 FILM 22.1 OHM 1%.06W

R152
19388-5110
0402 FILM 511 OHM 1%.06W

R153
19388-22R1
0402 FILM 22.1 OHM 1%.06W

R154
19388-4750
0402 FILM 475 OHM 1%.06W

R155
19388-8250
0402 FILM 825 OHM 1%.06W

R156
19388-1101
0402 FILM 1.1K OHM 1%.06W

R157
19388-1000
0402 Film 100 OHM 1% 0.06W

R158
19388-1000
0402 FILM 100 OHM 1% 0.06W

R159
19388-1210
0402 FILM 121 OHM 1%.06W

R160
19388-10R0
0402 FILM 10 OHM 1%.06W

R161
19388-1001
0402 FILM 1K OHM 1%.06W

R162
19388-1001
0402 FILM 1K OHM 1%.06W

R163
19388-3572
0402 FILM 35.7K OHM 1%.06W

R164
19388-2003
0402 FILM 200K OHM 1%.06W

R166
19388-4322
0402 FILM 43.2K OHM 1%.06W

R167
19388-3921
0402 FILM 3.92K OHM 1%.06W

R169
19388-2743
0402 FILM 274 K OHM 1%.06W

R171
19388-1003
0402 FILM 100K OHM 1%.06W

R172
19388-1003
0402 FILM 100K OHM 1%.06W

R173
19388-1003
0402 FILM 100K OHM 1%.06W

R175
19388-1303
0402 FILM 130K OHM 1%.06W

R177
19388-4322
0402 FILM 43.2K OHM 1%.06W

R178
19388-1004
0402 FILM 1M OHM 1%.06W

R179
19388-2372
0402 FILM 23.7K OHM 1%.06W

R180
19388-1003
0402 FILM 100K OHM 1%.06W

R182
19388-1003
0402 FILM 100K OHM 1%.06W

R183
19388-1004
0402 FILM 1M OHM 1%.06W

R184
19388-1002
0402 FILM 10K OHM 1%.06W

R185
19388-4752
0402 FILM 47.5K OHM 1%.06W

R186
19388-4752
0402 FILM 47.5K OHM 1%.06W

R187
19388-1003
0402 FILM 100K OHM 1%.06W

R188
19388-1002
0402 FILM 10K OHM 1%.06W

R189
19388-1002
0402 FILM 10K OHM 1%.06W

R191
19388-1000
0402 FILM 100 OHM 1% 0.06W

R192
19388-1000
0402 FILM 100 OHM 1% 0.06W

R193
19388-1002
0402 FILM 10K OHM 1%.06W

R194
19388-1002
0402 FILM 10K OHM 1%.06W

R195
19388-1002
0402 FILM 10K OHM 1%.06W

R196
19388-1002
0402 FILM 10K OHM 1%.06W

R197
SS-19350-0402
0402 JUMPER ZERO-OHM

R198
SS-19350-0402
0402 JUMPER ZERO-OHM

R203
19388-1000
0402 FILM 100 OHM 1% 0.06W

R206
19388-1002
0402 FILM 10K OHM 1%.06W

R212
19388-1822
0402 FILM 18.2K OHM 1%.06W

R213
19388-1301
0402 FILM 1.3K OHM 1%.06W

R214
19388-1001
0402 FILM 1K OHM 1%.06W

R215
19388-10R0
0402 FILM 10 OHM 1%.06W

R217
19388-1212
0402 FILM 12.1K OHM 1%.06W

R218
19388-2671
0402 FILM 2.67K OHM 1%.06W

R219
19388-1212
0402 FILM 12.1K OHM 1%.06W

R220
19388-3011
0402 FILM 3.01K OHM 1%.06W

R222
19388-1000
0402 FILM 100 OHM 1%.06W

R224
19388-1001
0402 FILM 1K OHM 1%.06W

R225
19388-6810
0402 FILM 681 OHM 1%.06W

R227
19388-1211
0402 FILM 1.21K OHM 1%.06W

R229
19388-2211
0402 FILM 2.21K OHM 1%.06W

R230
19388-3320
0402 FILM 332 OHM 1%.06W

R236
19388-1331
0402 FILM 1.33K OHM 1%.06W

R237
19388-1740
0402 FILM 174 OHM 1%.06W

R238
19388-1501
0402 FILM 1.5K OHM 1%.06W

R240
19388-4750
0402 FILM 475 OHM 1%.06W

R241
19388-4750
0402 FILM 475 OHM 1%.06W

R250
19388-1501
0402 FILM 1.5K OHM 1%.06W

R251
19388-51R1
0402 FILM 51.1 OHM 1%.06W

R252
19388-1003
0402 FILM 100K OHM 1% 0.06W

R253
19388-1003
0402 FILM 100K OHM 1% 0.06W

R254
19388-1003
0402 FILM 100K OHM 1% 0.06W

R255
19388-1003
0402 FILM 100K OHM 1% 0.06W

R256
19388-1003
0402 FILM 100K OHM 1% 0.06W

R257
19388-1003
0402 FILM 100K OHM 1% 0.06W

R258
19388-1003
0402 FILM 100K OHM 1% 0.06W

R259
19388-1003
0402 FILM 100K OHM 1% 0.06W

R260
SS-19350-0402
0402 JUMPER ZERO-OHM

R261
SS-19350-0402
0402 JUMPER ZERO-OHM

R262
19388-1003
0402 FILM 100K OHM 1% 0.06W

R263
19388-1003
0402 FILM 100K OHM 1% 0.06W

R264
19388-1003
0402 FILM 100K OHM 1% 0.06W

R265
SS-19350-0402
0402 JUMPER ZERO-OHM

R266
19388-1003
0402 FILM 100K OHM 1% 0.06W

R267
SS-19350-0402
0402 JUMPER ZERO-OHM

R269
19388-1003
0402 FILM 100K OHM 1% 0.06W

R270
19388-1003
0402 FILM 100K OHM 1% 0.06W

R272
19388-1003
0402 FILM 100K OHM 1% 0.06W

R273
19388-1000
0402 FILM 100 OHM 1%.06W

R274
SS-19350-0402
0402 JUMPER ZERO-OHM

R275
SS-19350-0402
0402 JUMPER ZERO-OHM

R276
19388-51R1
0402 FILM 51.1 OHM 1%.06W

R277
SS-19360-56R2
0805 FILM 56.2 OHM 1%.06W

R278
SS-19360-56R2
0805 FILM 56.2 OHM 1%.06W

R279
19388-1000
0402 FILM 100 OHM 1% 0.06W

R280
19388-2002
0402 FILM 20K OHM 1%.06W

R281
19388-2002
0402 FILM 20K OHM 1%.06W

R282
19388-68R1
0402 FILM 68.1 OHM 1%.06W

R283
19388-1500
0402 FILM 150 OHM 1%.06W

R284
19388-68R1
0402 FILM 68.1 OHM 1%.06W

R287
19388-1004
0402 FILM 1M OHM 1%.06W

R288
19388-1004
0402 FILM 1M OHM 1%.06W

R289
SS-19350-0402
0402 JUMPER ZERO-OHM

R290
19388-1000
0402 FILM 100 OHM 1% 0.06W

R291
19388-1000
0402 FILM 100 OHM 1% 0.06W

R292
19388-1000
0402 FILM 100 OHM 1% 0.06W

R293
19388-1000
0402 FILM 100 OHM 1% 0.06W

R294
19388-1000
0402 FILM 100 OHM 1% 0.06W

R295
19388-8662
0402 FILM 86.6K OHM 1%.06W

R296
19388-3323
0402 FILM 332K OHM 1%.06W

R297
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R298
SS-19350-0402
0402 JUMPER ZERO-OHM

R299
SS-19350-0402
0402 JUMPER ZERO-OHM

R300
SS-19360-1211
0805 FILM 1.21K OHM 1%.06W

R301
SS-19360-1211
0805 FILM 1.21K OHM 1%.06W

REFERENCE MATERIAL

REF
4101257-ASSY
ASSY DWG TRANSCEIVER

REF
4200675
SCHEM DIAG TRANSCEIVER

TRANSFORMERS

T1
1600462-1
XFRMR ASSY RX 136-174 MHz

T2
1600463-1
XFRMR ASSY RX 30-88 MHz

T3
1600507-1
XFRMR ASSY 136-174 MHz

T4
1600508-1
XFRMR ASSY 136-174 MHz

INTEGRATED CIRCUITS

U1
84586
MIXER EMRS-1A SMT

U2
365455
LMC7111 OP AMP SMT

U3
365460
LP2980A-3.3 LDO REG SMT

U4
365460
LP2980A-3.3 LDO REG SMT

U6
365455
LMC7111 OP AMP SMT

U11
365437
LM50B CENT TEMP SENSOR

U12
1600458-1
COUPLER ASSY 136-174_MHZ

U13
365438
LMC7101A OP AMP LOW-POWER

U14
365413
LP2980A-5.0 LDO REG SMT

U15
365440
24C64 8K X 8 SERIAL EEPROM

U16
365413
LP2980A-5.0 LDO REG SMT

U17
365499
MIC5205 VR ADJ 1 SOT-23-5

U18
SS-365293
LM2902 QUAD OP-AMP      SMT

U19
365423
SA7025DK SYNTH FRACT-N 1GHz

U20
365499
MIC5205 VR ADJ 1 SOT-23-5

U21
365621
MIC4416 DRVR MOSFET

U22
365437
LM50B CENT TEMP SENSOR

U24
365459-595
74HC595 SHFT REG 8BIT TSSOP

U27
365455
LMC7111 OP AMP SMT

U28
365513
AD607A 3V RX IF SUBSYS SSOP

U29
365701
OPA343NA SINGLE OP-AMP

U31
365588
MAX525B SER QUAD DAC 12-BIT

U32
365591
MAX873B PREC VLTG_REF 2.5V

U33
365590
MAX534B DAC QUAD 8-BIT SER

U34
365590
MAX534B DAC QUAD 8-BIT SER

U35
365078-125
74HCT125 QUAD  3-ST DRIVER

CRYSTAL OSCILLATOR

Y1
1600407-1
CRYSTAL QUARTZ 44.545 MHz

Y2
1600406-1
CRYSTAL QUARTZ 12.8 MHz
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Figure 7‑9. Control Circuit Card (4101258-501), PRIMARY SIDE

Figure 7‑10.  Control Circuit Card (4101258-501), SECONDARY SIDE

Table 7‑8.  Control CCA (4101258-501) Bill of Materials
Reference Designator
Part Number
Control CCA Component Description

CAPACITORS

C1
22551-105
CERAMIC 1210 Z5U 1.0uF 20% 25V

C2
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C3
22572-392
CERAMIC 0402 X7R 3900 pF 5% 50V

C4
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C5
25146-225-25B
TANTALUM B-CASE 2.2 uF 10% 25V

C6
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C7
25146-226-10
TANTALUM C-CASE 22 uF 10% 10V

C8
25146-475-20
TANTALUM B-CASE 4.7 uF 10% 20V

C9
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C10
22565-680
CERAMIC 0402 COG 68 pF 5%

C11
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C12
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C13
22564-104
CERAMIC R 0603 X7R 0.1 uF 10%

C14
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C15
22564-333
CERAMIC 0603 X7R 0.033 uF 10% 16V

C16
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C17
25146-225-25B
TANTALUM B-CASE 2.2 uF 10% 25V

C18
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C19
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C20
25146-225-25B
TANTALUM B-CASE 2.2 uF 10% 25V

C21
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C22
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C23
22565-101
CERAMIC 0402 COG 100 pF 5%

C24
22565-101
CERAMIC 0402 COG 100 pF 5%

C25
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C26
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C27
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C28
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C29
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C30
22551-105
CERAMIC 1210 Z5U 1.0 uF 20% 25V

C31
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C32
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C33
22565-101
CERAMIC 0402 COG 100 pF 5%

C34
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C35
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C36
22565-101
CERAMIC 0402 COG 100 pF 5%

C37
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C38
25146-225-25B
TANTALUM B-CASE 2.2 uF 10% 25V

C39
22565-101
CERAMIC 0402 COG 100 pF 5%

C40
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C41
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C42
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C43
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C44
22565-101
CERAMIC 0402 COG 100 pF 5%

C45
22565-220
CERAMIC 0402 COG 22 pF 5%

C46
22565-101
CERAMIC 0402 COG 100 pF 5%

C47
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C48
22565-101
CERAMIC 0402 COG 100 pF 5%

C49
22565-101
CERAMIC 0402 COG 100 pF 5%

C50
25146-225-25B
TANTALUM B-CASE 2.2 uF 10% 25V

C51
22565-101
CERAMIC 0402 COG 100 pF 5%

C52
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C53
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C54
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C55
22565-101
CERAMIC 0402 COG 100 pF 5%

C56
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C57
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C58
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C59
22562-103
CERAMIC 0402 X7R 0.01 uF 10%

C60
22565-101
CERAMIC 0402 COG 100 pF 5%

C61
22565-101
CERAMIC 0402 COG 100 pF 5%

C62
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C63
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C65
25146-226-10
TANTALUM C-CASE 22 uF 10% 10V

C66
25146-475-20
TANTALUM B-CASE 4.7 uF 10% 20V

C67
25146-475-20
TANTALUM B-CASE 4.7 uF 10% 20V

C68
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C69
22565-101
CERAMIC 0402 COG 100 pF 5%

C70
22565-101
CERAMIC 0402 COG 100 pF 5%

C71
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C72
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C73
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C74
25146-107-6
TANTALUM R-CASE 100 uF 10%  6V

C75
22564-104
CERAMIC 0603 X7R 0.1  uF 10%

C76
22565-470
CERAMIC 0402 COG 47 pF 5%

C77
25146-225-25B
TANTALUM B-CASE 2.2 uF 10% 25V

C78
25146-226-10
TANTALUM C-CASE 22 uF 10% 10V

C79
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C80
22565-101
CERAMIC 0402 COG 100 pF 5%

C81
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C82
22572-681
CERAMIC 0402 X7R 680pF 5% 50V

C83
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C84
22565-101
CERAMIC 0402 COG 100 pF 5%

C85
22567-682
CERAMIC 0402 X7R 6800 pF 10% 16V

C86
25146-225-25B
TANTALUM B-CASE 2.2 uF 10% 25V

C87
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C88
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C89
22564-473
CERAMIC 0603 X7R 0.047 uF 10% 16V

C90
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C91
25146-225-25B
TANTALUM B-CASE 2.2 uF 10% 25V

C92
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C93
25146-226-10
TANTALUM C-CASE 22 uF 10% 10V

C94
25146-226-10
TANTALUM C-CASE 22 uF 10% 10V

C95
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C96
22551-105
CERAMIC 1210 Z5U 1.0 uF 20% 25V

C97
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C98
25146-225-25B
TANTALUM B-CASE 2.2 uF 10% 25V

C99
22551-105
CERAMIC 1210 Z5U 1.0 uF 20% 25V

C100
22565-101
CERAMIC 0402 COG 100 pF 5%

C101
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C102
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C103
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C104
22565-101
CERAMIC 0402 COG 100 pF 5%

C105
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C106
22565-680
CERAMIC 0402 COG 68 pF 5%

C107
22565-101
CERAMIC 0402 COG 100 pF 5%

C108
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C109
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C110
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C111
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C112
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C113
25146-686-10
TANTALUM R-CASE 68 uF 10% 10V

C114
25146-107-6
TANTALUM R-CASE 100 uF 10%  6V

C115
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C116
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C117
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C118
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C119
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C120
22565-101
CERAMIC 0402 COG 100 pF 5%

C121
22565-101
CERAMIC 0402 COG 100 pF 5%

C122
22565-101
CERAMIC 0402 COG 100 pF 5%

C123
22565-101
CERAMIC 0402 COG 100 pF 5%

C124
22565-101
CERAMIC 0402 COG 100 pF 5%

C125
22565-101
CERAMIC 0402 COG 100 pF 5%

C126
22565-101
CERAMIC 0402 COG 100 pF 5%

C127
22565-101
CERAMIC 0402 COG 100 pF 5%

C128
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C129
22565-101
CERAMIC 0402 COG 100 pF 5%

C132
22565-101
CERAMIC 0402 COG 100 pF 5%

C133
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C134
22565-101
CERAMIC 0402 COG 100 pF 5%

C135
22565-101
CERAMIC 0402 COG 100 pF 5%

C136
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C137
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C138
25146-226-10
TANTALUM C-CASE 22 uF 10% 10V

C139
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C140
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C141
25146-225-25B
TANTALUM B-CASE 2.2 uF 10% 25V

C142
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C143
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C144
25146-475-20
TANTALUM B-CASE 4.7 uF 10% 20V

C145
25146-226-20
TANTALUM R-CASE 22 uF 10% 20V

C146
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C147
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C148
22565-101
CERAMIC 0402 COG 100 pF 5%

C149
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C150
22551-105
CERAMIC 1210 Z5U 1.0 uF 20% 25V

C151
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C152
22565-101
CERAMIC 0402 COG 100 pF 5%

C153
22565-101
CERAMIC 0402 COG 100 pF 5%

C154
22565-101
CERAMIC 0402 COG 100 pF 5%

C155
22565-101
CERAMIC 0402 COG 100 pF 5%

C156
22565-101
CERAMIC 0402 COG 100 pF 5%

C157
22565-101
CERAMIC 0402 COG 100 pF 5%

C158
22565-101
CERAMIC 0402 COG 100 pF 5%

C159
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C160
22572-102
CERAMIC 0402 X7R 1000 pF 5% 50V

C161
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C162
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C163
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C164
25146-475-20
TANTALUM B-CASE 4.7 uF 10% 20V

C165
22565-101
CERAMIC 0402 COG 100 pF 5%

C166
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C167
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

DIODES

D1
41020
LAMP LED GREEN/RED  SMT

D2
RCL-999389
BAR43C SCHOTTKY

D3
35628
SCHOTT CMDSH2-3  SMT

D4
35624
SCHOTT DUAL CMPSH-3A SMT

D5
SS-35620
BAR43S SCHOTT DUAL (DA5)

D6
35628
SCHOTT CMDSH2-3  SMT

D7
35628
SCHOTT CMDSH2-3  SMT

D8
35625
RECT SCHOTT CMSH2-40 SMT

D9
SS-35620
BAR43S SCHOTT DUAL (DA5)

D10
36005
RECT SCHOTT ZHCS1000 SMT

D11
RCL-999389
BAR43C SCHOTTKY

D12
SS-35620
BAR43S SCHOTT DUAL (DA5)

D13
SS-35620
BAR43S SCHOTT DUAL (DA5)

D14
SS-35620
BAR43S SCHOTT DUAL (DA5)

D15
35628
SCHOTT CMDSH2-3  SMT

D16
35628
SCHOTT CMDSH2-3  SMT

D17
35628
SCHOTT CMDSH2-3  SMT

D18
36005
RECT SCHOTT ZHCS1000 SMT

D19
35628
SCHOTT CMDSH2-3  SMT

D20
35628
SCHOTT CMDSH2-3  SMT

D21
35628
SCHOTT CMDSH2-3  SMT

D22
35628
SCHOTT CMDSH2-3  SMT

D23
35628
SCHOTT CMDSH2-3  SMT

D24
35628
SCHOTT CMDSH2-3  SMT

D25
SS-35620
BAR43S SCHOTT DUAL (DA5)

D26
33614
ZENER BZX84C12 12V SMT

D27
SS-35620
BAR43S SCHOTT DUAL (DA5)

D28
35628
SCHOTT CMDSH2-3  SMT

D29
35628
SCHOTT CMDSH2-3  SMT

D30
SS-35620
BAR43S SCHOTT DUAL (DA5)

FILTERS

FL1
45232
BEAD CHIP FERRITE  3216

FL2
45232
BEAD CHIP FERRITE  3216

SOCKET CONNECTORS

J1
610348-9-2
HDR SHRD 18 PIN .050" SMT

J2
610349-9-2
RCP SHRD 18 PIN .050" SMT

J3
61101-32
RCPT  6mm STKG 32-PIN SMT

INDUCTORS

L1
45231-Y601B
BEAD FERRITE MMZ  1608

L2
45231-Y601B
BEAD FERRITE MMZ  1608

L3
45231-Y601B
BEAD FERRITE MMZ  1608

L4
45231-Y601B
BEAD FERRITE MMZ  1608

L5
43083-1R2
FER 1008 WW 1.2 uH  5%

L6
45231-Y601B
BEAD FERRITE MMZ  1608

L7
43083-1R2
FER 1008 WW 1.2 uH  5%

L8
43123-330
PWR 1608 WW 33 uH 20%

L9
SS-43083-100
FER 1008 WW 10 uH  5%

L10
45231-Y601B
BEAD FERRITE MMZ  1608

L11
45231-Y601B
BEAD FERRITE MMZ  1608

L12
45231-Y601B
BEAD FERRITE MMZ  1608

PLUG CONNECTORS

P1
61106-4
HDR R-ANG 4-POS SMT

P2
61125-20
FFC R-ANG 0.8mm 20-POS

TRANSISTORS

Q1
SS-32550
2N7002 MOSFET N-CHANNEL

Q2
SS-32550
2N7002 MOSFET N-CHANNEL

Q3
SS-32550
2N7002 MOSFET N-CHANNEL

Q4
SS-32550
2N7002 MOSFET N-CHANNEL

Q5
SS-32550
2N7002 MOSFET N-CHANNEL

Q6
SS-32550
2N7002 MOSFET N-CHANNEL

Q7
SS-32550
2N7002 MOSFET N-CHANNEL

Q8
SS-32550
2N7002 MOSFET N-CHANNEL

Q9
32603
BSS84 DMOS FET P-CHANNEL

Q10
SS-32089-3906
MMBT3906 PNP

Q11
SS-32550
2N7002 MOSFET N-CHANNNEL

Q12
SS-32550
2N7002 MOSFET N-CHANNEL

Q13
32603
BSS84 DMOS FET P-CHANNEL

Q14
SS-32550
2N7002 MOSFET N-CHANNEL

Q15
SS-32564
BSS123 FET N-CHANNEL

Q16
SS-32550
2N7002 MOSFET N-CHANNEL

RESISTORS

R1
19388-1503
0402 FILM 150K OHM 1% 0.06W

R2
19388-1503
0402 FILM 150K OHM 1% 0.06W

R3
19388-2213
0402 FILM 221K OHM 1% 0.06W

R4
19388-1003
0402 FILM 100K OHM 1% 0.06W

R5
19388-1502
0402 FILM 15K OHM 1% 0.06W

R6
19388-1000
0402 FILM 100 OHM 1% 0.06W

R7
19388-5621
0402 FILM 5.62K OHM 1% 0.06W

R8
19388-1002
0402 FILM 10K OHM 1% 0.06W

R9
19388-4751
0402 FILM 4.75K OHM 1% 0.06W

R10
19388-4750
0402 FILM 475 OHM 1% 0.06W

R11
19388-1002
0402 FILM 10K OHM 1% 0.06W

R12
19388-1002
0402 FILM 10K OHM 1% 0.06W

R13
19388-1003
0402 FILM 100K OHM 1% 0.06W

R14
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R15
19388-2211
0402 FILM 2.21K OHM 1% 0.06W

R16
19388-2212
0402 FILM 22.1K OHM 1% 0.06W

R17
19388-1502
0402 FILM 15K OHM 1% 0.06W

R18
19388-1003
0402 FILM 100K OHM 1% 0.06W

R19
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R20
19388-1002
0402 FILM 10K OHM 1% 0.06W

R21
19388-1002
0402 FILM 10K OHM 1% 0.06W

R22
19388-1002
0402 FILM 10K OHM 1% 0.06W

R23
19388-1002
0402 FILM 10K OHM 1% 0.06W

R24
19388-1003
0402 FILM 100K OHM 1% 0.06W

R25
19388-1002
0402 FILM 10K OHM 1% 0.06W

R26
19388-1000
0402 FILM 100 OHM 1% 0.06W

R27
19388-1503
0402 FILM 150K OHM 1% 0.06W

R28
19388-1002
0402 FILM 10K OHM 1% 0.06W

R29
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R30
19388-1502
0402 FILM 15K OHM 1% 0.06W

R31
19388-1003
0402 FILM 100K OHM 1% 0.06W

R32
SS-19350-0402
0402 JUMPER ZERO-OHM

R33
SS-19350-0402
0402 JUMPER ZERO-OHM

R34
19388-47R5
0402 FILM 47.5 OHM 1% 0.06W

R35
19388-1000
0402 FILM 100 OHM 1% 0.06W

R36
19388-1000
0402 FILM 100 OHM 1% 0.06W

R37
19388-1004
0402 FILM 1M OHM 1% 0.06W

R38
19388-2212
0402 FILM 22.1K OHM 1% 0.06W

R39
19388-1503
0402 FILM 150K OHM 1% 0.06W

R40
19388-1000
0402 FILM 100 OHM 1% 0.06W

R41
19388-1000
0402 FILM 100 OHM 1% 0.06W

R42
19388-1001
0402 FILM 1K OHM 1% 0.06W

R43
19388-2212
0402 FILM 22.1K OHM 1% 0.06W

R44
19388-1003
0402 FILM 100K OHM 1% 0.06W

R45
19388-1000
0402 FILM 100 OHM 1% 0.06W

R46
19388-47R5
0402 FILM 47.5 OHM 1% 0.06W

R47
19388-1000
0402 FILM 100 OHM 1% 0.06W

R48
19388-1002
0402 FILM 10K OHM 1% 0.06W

R49
19388-4752
0402 FILM 47.5K OHM 1% 0.06W

R50
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R51
19388-1823
0402 FILM 182K OHM 1% 0.06W

R52
19388-1000
0402 FILM 100 OHM 1% 0.06W

R53
19388-2213
0402 FILM 221K OHM 1% 0.06W

R54
19388-1003
0402 FILM 100K OHM 1% 0.06W

R55
19388-1000
0402 FILM 100 OHM 1% 0.06W

R56
19388-1001
0402 FILM 1K OHM 1% 0.06W

R57
19388-1001
0402 FILM 1K OHM 1% 0.06W

R58
19388-1000
0402 FILM 100 OHM 1% 0.06W

R59
19388-1000
0402 FILM 100 OHM 1% 0.06W

R60
19388-1000
0402 FILM 100 OHM 1% 0.06W

R61
19388-1001
0402 FILM 1K OHM 1% 0.06W

R62
19388-1001
0402 FILM 1K OHM 1% 0.06W

R63
19388-1000
0402 FILM 100 OHM 1% 0.06W

R64
19388-1000
0402 FILM 100 OHM 1% 0.06W

R65
19388-1000
0402 FILM 100 OHM 1% 0.06W

R66
19388-3322
0402 FILM 33.2K OHM 1% 0.06W

R67
19388-1002
0402 FILM 10K OHM 1% 0.06W

R68
19388-1002
0402 FILM 10K OHM 1% 0.06W

R69
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R70
19348-4R7
1206 FILM  4.7 OHM 5% 1/8W

R71
19388-1503
0402 FILM 150K OHM 1% 0.06W

R72
19388-1000
0402 FILM 100 OHM 1% 0.06W

R73
19388-47R5
0402 FILM 47.5 OHM 1% 0.06W

R74
19388-1000
0402 FILM 100 OHM 1% 0.06W

R75
19388-1003
0402 FILM 100K OHM 1% 0.06W

R76
19348-4R7
1206 FILM  4.7 OHM 5% 1/8W

R77
19388-1002
0402 FILM 10K OHM 1% 0.06W

R78
19388-2743
0402 FILM 274 K OHM 1% 0.06W

R79
19388-1003
0402 FILM 100K OHM 1% 0.06W

R80
19388-1003
0402 FILM 100K OHM 1% 0.06W

R81
19388-1000
0402 FILM 100 OHM 1% 0.06W

R82
19388-1503
0402 FILM 150K OHM 1% 0.06W

R83
19388-5623
0402 FILM 562K OHM 1% 0.06W

R84
19388-5623
0402 FILM 562K OHM 1% 0.06W

R85
19388-1503
0402 FILM 150K OHM 1% 0.06W

R86
19388-5111
0402 FILM 5.11K OHM 1% 0.06W

R87
19388-1503
0402 FILM 150K OHM 1% 0.06W

R88
19388-56R2
0402 FILM 56.2 OHM 1% 0.06W

R89
19388-56R2
0402 FILM 56.2 OHM 1% 0.06W

R90
19388-1503
0402 FILM 150K OHM 1% 0.06W

R91
19388-1503
0402 FILM 150K OHM 1% 0.06W

R92
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R93
19388-5620
0402 FILM 562 OHM 1% 0.06W

R94
19388-1002
0402 FILM 10K OHM 1% 0.06W

R95
19388-1503
0402 FILM 150K OHM 1% 0.06W

R96
19388-1002
0402 FILM 10K OHM 1% 0.06W

R97
19388-1002
0402 FILM 10K OHM 1% 0.06W

R98
19388-1002
0402 FILM 10K OHM 1% 0.06W

R99
19388-1002
0402 FILM 10K OHM 1% 0.06W

R100
19388-1002
0402 FILM 10K OHM 1% 0.06W

R101
19388-1002
0402 FILM 10K OHM 1% 0.06W

R102
19388-1002
0402 FILM 10K OHM 1% 0.06W

R104
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R106
19388-1002
0402 FILM 10K OHM 1% 0.06W

R107
19388-1001
0402 FILM 1K OHM 1% 0.06W

R108
19388-1002
0402 FILM 10K OHM 1% 0.06W

R109
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R110
19388-56R2
0402 FILM 56.2 OHM 1% 0.06W

R111
19388-1503
0402 FILM 150K OHM 1% 0.06W

R112
19388-1002
0402 FILM 10K OHM 1% 0.06W

R113
19388-1003
0402 FILM 100K OHM 1% 0.06W

R114
19388-1000
0402 FILM 100 OHM 1% 0.06W

R115
19388-1003
0402 FILM 100K OHM 1% 0.06W

R116
19388-1001
0402 FILM 1K OHM 1% 0.06W

R117
19388-1003
0402 FILM 100K OHM 1% 0.06W

R118
19388-1002
0402 FILM 10K OHM 1% 0.06W

R119
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R120
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R121
19388-1002
0402 FILM 10K OHM 1% 0.06W

R122
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R123
19388-1003
0402 FILM 100K OHM 1% 0.06W

R124
19388-1503
0402 FILM 150K OHM 1% 0.06W

R125
19388-47R5
0402 FILM 47.5 OHM 1% 0.06W

R126
19388-2211
0402 FILM 2.21K OHM 1% 0.06W

R127
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R128
19388-1001
0402 FILM 1K OHM 1% 0.06W

R129
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R130
19388-1002
0402 FILM 10K OHM 1% 0.06W

R131
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R132
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R133
19388-1002
0402 FILM 10K OHM 1% 0.06W

R134
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R135
19388-1001
0402 FILM 1K OHM 1% 0.06W

R136
19388-1001
0402 FILM 1K OHM 1% 0.06W

R137
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R138
19388-1002
0402 FILM 10K OHM 1% 0.06W

R139
19388-1002
0402 FILM 10K OHM 1% 0.06W

R140
19388-1002
0402 FILM 10K OHM 1% 0.06W

R141
19388-1002
0402 FILM 10K OHM 1% 0.06W

R142
19388-1002
0402 FILM 10K OHM 1% 0.06W

R143
19388-2211
0402 FILM 2.21K OHM 1% 0.06W

R144
19388-1003
0402 FILM 100K OHM 1% 0.06W

R145
19388-1002
0402 FILM 10K OHM 1% 0.06W

R146
19388-1001
0402 FILM 1K OHM 1% 0.06W

R147
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R148
19388-1002
0402 FILM 10K OHM 1% 0.06W

R149
19388-1003
0402 FILM 100K OHM 1% 0.06W

R150
19388-1000
0402 FILM 100 OHM 1% 0.06W

R151
19388-1001
0402 FILM 1K OHM 1% 0.06W

R152
19388-1001
0402 FILM 1K OHM 1% 0.06W

R153
19388-1002
0402 FILM 10K OHM 1% 0.06W

R154
19388-1002
0402 FILM 10K OHM 1% 0.06W

R155
19388-4751
0402 FILM 4.75K OHM 1% 0.06W

R156
19388-1003
0402 FILM 100K OHM 1% 0.06W

R157
19388-8251
0402 FILM 8.25K OHM 1% 0.06W

R158
19388-2212
0402 FILM 22.1K OHM 1% 0.06W

R159
19388-1001
0402 FILM 1K OHM 1% 0.06W

R160
19388-1003
0402 FILM 100K OHM 1% 0.06W

R161
19388-1001
0402 FILM 1K OHM 1% 0.06W

R162
19388-1001
0402 FILM 1K OHM 1% 0.06W

R163
19388-1002
0402 FILM 10K OHM 1% 0.06W

R164
19388-1000
0402 FILM 100 OHM 1% 0.06W

R165
19388-1003
0402 FILM 100K OHM 1% 0.06W

R166
19388-1000
0402 FILM 100 OHM 1% 0.06W

R167
19388-1000
0402 FILM 100 OHM 1% 0.06W

R168
19388-1000
0402 FILM 100 OHM 1% 0.06W

R169
19388-1000
0402 FILM 100 OHM 1% 0.06W

R170
19388-1000
0402 FILM 100 OHM 1% 0.06W

R171
19388-1000
0402 FILM 100 OHM 1% 0.06W

R172
19388-1000
0402 FILM 100 OHM 1% 0.06W

R173
19388-1000
0402 FILM 100 OHM 1% 0.06W

R174
19388-1000
0402 FILM 100 OHM 1% 0.06W

R175
19388-1001
0402 FILM 1K OHM 1% 0.06W

R176
19388-1002
0402 FILM 10K OHM 1% 0.06W

R177
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R178
19388-1000
0402 FILM 100 OHM 1% 0.06W

R179
19388-1002
0402 FILM 10K OHM 1% 0.06W

R180
19388-1002
0402 FILM 10K OHM 1% 0.06W

R181
19388-1503
0402 FILM 150K OHM 1% 0.06W

R182
19388-1002
0402 FILM 10K OHM 1% 0.06W

R183
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R184
19388-1000
0402 FILM 100 OHM 1% 0.06W

R185
19388-1002
0402 FILM 10K OHM 1% 0.06W

R186
19388-47R5
0402 FILM 47.5 OHM 1% 0.06W

R188
19388-1503
0402 FILM 150K OHM 1% 0.06W

R189
19388-1002
0402 FILM 10K OHM 1% 0.06W

R190
19388-1000
0402 FILM 100 OHM 1% 0.06W

R191
19388-4751
0402 FILM 4.75K OHM 1% 0.06W

R193
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R194
19388-1002
0402 FILM 10K OHM 1% 0.06W

R195
SS-19350-0402
0402 JUMPER ZERO-OHM

R196
19388-1503
0402 FILM 150K OHM 1% 0.06W

R197
19388-1000
0402 FILM 100 OHM 1% 0.06W

R198
19388-2211
0402 FILM 2.21K OHM 1% 0.06W

R199
19388-1000
0402 FILM 100 OHM 1% 0.06W

R200
19388-1000
0402 FILM 100 OHM 1% 0.06W

R201
19388-1000
0402 FILM 100 OHM 1% 0.06W

R202
19388-1000
0402 FILM 100 OHM 1% 0.06W

R203
19388-1003
0402 FILM 100K OHM 1% 0.06W

R204
19388-1000
0402 FILM 100 OHM 1% 0.06W

R205
19388-4751
0402 FILM 4.75K OHM 1% 0.06W

R206
19388-1000
0402 FILM 100 OHM 1% 0.06W

R207
19388-1003
0402 FILM 100K OHM 1% 0.06W

R208
19388-1003
0402 FILM 100K OHM 1% 0.06W

R209
19388-1000
0402 FILM 100 OHM 1% 0.06W

R210
19388-1503
0402 FILM 150K OHM 1% 0.06W

R211
19388-1002
0402 FILM 10K OHM 1% 0.06W

R212
19388-1000
0402 FILM 100 OHM 1% 0.06W

R213
19388-1000
0402 FILM 100 OHM 1% 0.06W

R214
19388-1000
0402 FILM 100 OHM 1% 0.06W

R215
19388-1002
0402 FILM 10K OHM 1% 0.06W

R216
19388-1000
0402 FILM 100 OHM 1% 0.06W

R217
19388-1000
0402 FILM 100 OHM 1% 0.06W

R218
19388-1002
0402 FILM 10K OHM 1% 0.06W

R219
19388-1002
0402 FILM 10K OHM 1% 0.06W

R220
19388-1003
0402 FILM 100K OHM 1% 0.06W

R221
19388-1503
0402 FILM 150K OHM 1% 0.06W

R222
19388-1000
0402 FILM 100 OHM 1% 0.06W

R223
19388-1000
0402 FILM 100 OHM 1% 0.06W

R224
19388-1503
0402 FILM 150K OHM 1% 0.06W

R225
19388-1503
0402 FILM 150K OHM 1% 0.06W

R226
19388-10R0
0402 FILM 10 OHM 1% 0.06W

REFERENCE MATERIAL

REF
1700302-1
CONTROL LOADING SOFTWARE RACAL

REF
4101258-ASSY
ASSEMBLY DRAWING CCA CONTROL

REF
4200676
SCHEMATIC DIAGRAM CONTROL

THERMISTOR

TH1
19386
THRMSTR miniSMD050-2_CKT PROT

INTEGRATED CIRCUITS

U1
365438
LMC7101A OP AMP LOW-POWER

U2
365413
LP2980A-5.0 LDO REG SMT

U3
365458
TLV320 AUDIO PROCESSOR

U4
365436
LM4861 AMP AUDIO 0.5-WATT

U5
365584
MAX825T RESET GENERATOR

U6
365585
TC55V1001 SRAM 128K x 8

U7
365690
DSP56309 DIG SIG PROC 80MIP

U8
365595-14
74LVC14  HEX INV SCHM TRIG

U9
365692
TE28F800B3 ROM FLASH 8Mbit

U10
365582
H8/3044 uCONTROLER

U11
365460
LP2980A-3.3 LDO REG SMT

U12
365569
MIC5205 VR 3.3V 1% SOT-23-5

U13
365421
LTC1434IGN 450MA DC/DC CONV

U15
365697
LT1118CST-5 VOLT REG 5V

U16
365436
LM4861 AMP AUDIO 0.5-WATT

U17
365435
EPF8282VTC100 PLD

U18
365698
74HC4053 TRIP 2-CHA ANA MUX

U19
365583
MAX213E RS-232 XCVR 5V

U20
32610
XSTR Si4953DY DUAL MOSFET P-CH

U21
365696
LP2980A-3.6 LDO REG SMT

U22
365413
LP2980A-5.0 LDO REG SMT

U23
32610
XSTR Si4953DY DUAL MOSFET P-CH

U24
365592
MAX872 PREC VLTG REF 2.5V

U25
365589
MAX1247A ADC 4-CH_12-BIT

U26
32610
XSTR Si4953DY DUAL MOSFET P-CH

CRYSTAL OSCILLATOR

X1
37044
TCXO 12.288 MHz +/-2.5PPM 3V


Figure 7‑11.  Keypad Circuit Card (3100618-501) - PRIMARY SIDE


Figure 7‑12.  Keypad Circuit Card (3100618-501) - SECONDARY SIDE

Table 7‑9.  Keypad CCA (3100618-501) Bill of Materials

Reference Designator
Part Number
Keypad CCA Component Description

CAPACITORS

C2
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C3
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C4
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C5
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C6
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

C7
25146-225-25B
TANTALUM B-CASE 2.2 uF 10% 25V

C8
25146-225-25B
TANTALUM B-CASE 2.2 uF 10% 25V

C9
22564-104
CERAMIC 0603 X7R 0.1 uF 10%

C10
22567-103
CERAMIC 0402 X7R 0.01 uF 10%

DIODES

D1
35624
SCHOTT DUAL CMPSH-3A SMT

D2
35624
SCHOTT DUAL CMPSH-3A SMT

D3
35628
SCHOTT CMDSH2-3  SMT

D4
35628
SCHOTT CMDSH2-3  SMT

D5
35628
SCHOTT CMDSH2-3  SMT

D6
35628
SCHOTT CMDSH2-3  SMT

D7
35628
SCHOTT CMDSH2-3  SMT

D8
35628
SCHOTT CMDSH2-3  SMT

D9
35628
SCHOTT CMDSH2-3  SMT

D13
35628
SCHOTT CMDSH2-3  SMT

D14
35628
SCHOTT CMDSH2-3  SMT

D15
35628
SCHOTT CMDSH2-3  SMT

D16
35628
SCHOTT CMDSH2-3  SMT

LIGHT EMMITTING DIODES

DS1
41081
LAMP LED GREEN  SMT

DS2
41081
LAMP LED GREEN  SMT

DS3
41081
LAMP LED GREEN  SMT

DS4
41081
LAMP LED GREEN  SMT

DS5
41081
LAMP LED GREEN  SMT

DS6
41081
LAMP LED GREEN  SMT

DS7
41081
LAMP LED GREEN  SMT

DS8
41081
LAMP LED GREEN  SMT

DS9
41081
LAMP LED GREEN  SMT

DS10
41081
LAMP LED GREEN  SMT

DS11
41081
LAMP LED GREEN  SMT

DS12
41081
LAMP LED GREEN  SMT

DS13
41081
LAMP LED GREEN  SMT

DS14
41081
LAMP LED GREEN  SMT

DS15
41081
LAMP LED GREEN  SMT

DS16
41081
LAMP LED GREEN  SMT

SOCKET CONNECTOR

J1
610349-9-2
CONN RCP SHRD 18 PIN .050" SMT





INDUCTOR

L1
45231-Y601B
BEAD FERRITE MMZ 1608

PLUG CONNECTORS

P1
61125-20
FFC R-ANG 0.8mm 20-POS

P2
61125-11
FFC R-ANG 0.8mm_11-POS

P3
61125-11
FFC R-ANG 0.8mm_11-POS

TRANSISTORS

Q5
SS-32550
2N7002 MOSFET N-CH

Q6
SS-32089-3904
MMBT3904 NPN

Q7
SS-32089-3904
MMBT3904 NPN

Q8
SS-32089-3904
MMBT3904 NPN

Q9
SS-32089-3904
MMBT3904 NPN

Q10
SS-32089-3904
MMBT3904 NPN

Q11
SS-32089-3904
MMBT3904 NPN

Q13
32603
BSS84 DMOS FET P-CHAN

Q17
SS-32089-3904
MMBT3904 NPN

RESISTORS

R1
19388-1001
0402 FILM 1K OHM 1% 0.06W

R2
19388-1001
0402 FILM 1K OHM 1% 0.06W

R7
19388-1001
0402 FILM 1K OHM 1% 0.06W

R8
19388-1003
0402 FILM 100K OHM 1% 0.06W

R9
19388-1000
0402 FILM 100 OHM 1% 0.06W

R10
19388-1001
0402 FILM 1K OHM 1% 0.06W

R12
19388-1001
0402 FILM 1K OHM 1% 0.06W

R14
19388-1001
0402 FILM 1K OHM 1% 0.06W

R15
19388-1003
0402 FILM 100K OHM 1% 0.06W

R16
19388-1000
0402 FILM 100 OHM 1% 0.06W

R17
19388-1003
0402 FILM 100K OHM 1% 0.06W

R18
19388-1000
0402 FILM 100 OHM 1% 0.06W

R19
19388-1000
0402 FILM 100 HM 1% 0.06W

R23
19388-1501
0402 FILM 1.5K OHM 1% 0.06W

R25
19388-1000
0402 FILM 100 OHM 1% 0.06W

R27
19388-1001
0402 FILM 1K OHM 1% 0.06W

R28
19388-1003
0402 FILM 100K OHM 1% 0.06W

R29
19388-1001
0402 FILM 1K OHM 1% 0.06W

R30
19388-1001
0402 FILM 1K OHM 1% 0.06W

R31
19388-1001
0402 FILM 1K OHM 1% 0.06W

R36
19388-1001
0402 FILM 1K OHM 1% 0.06W

R37
19388-1003
0402 FILM 100K OHM 1% 0.06W

R39
19388-1000
0402 FILM 100 OHM 1% 0.06W

R41
19388-1000
0402 FILM 100 OHM 1% 0.06W

R42
19388-1000
0402 FILM 100 OHM 1% 0.06W

R43
19388-1000
0402 FILM 100 OHM 1% 0.06W

R44
19388-1000
0402 FILM 100 OHM 1% 0.06W

R47
19388-6810
0402 FILM 681 OHM 1% 0.06W

R48
19388-3321
0402 FILM 3.32K OHM 1% 0.06W

R49
19388-1001
0402 FILM 1K OHM 1% 0.06W

R50
19388-1000
0402 FILM 100 OHM 1% 0.06W

R52
19388-1000
0402 FILM 100 OHM 1% 0.06W

R57
19388-10R0
0402 FILM 10 OHM 1% 0.06W

R58
19388-1001
0402 FILM 1K OHM 1% 0.06W

R59
19388-1001
0402 FILM 1K OHM 1% 0.06W

R60
19388-1001
0402 FILM 1K OHM 1% 0.06W

R61
19388-1001
0402 FILM 1K OHM 1% 0.06W

R62
19388-1001
0402 FILM 1K OHM 1% 0.06W

R63
19388-1001
0402 FILM 1K OHM 1% 0.06W

R64
19388-1001
0402 FILM 1K OHM 1% 0.06W

R65
19388-1001
0402 FILM 1K OHM 1% 0.06W

REFERENCE MATERIAL

REF
3100618-ASSY
ASSEMBLY DRAWING KEYPAD BOARD

REF
4200649
SCHEMATIC DIAGRAM KEYPAD

INTEGRATED CIRCUITS

U1
365681
AT90S4414 8-BIT AVR uCONTROLLER

U2
365460
LP2980A-3.3 LDO REG SMT

APPENDIX A.  MENU STRUCTURE


OVERALL RADIO MENU

RADIO MMI PROGRAMMING MENU


"PROGRM" (PROGRAM) GLOBAL MENU


"PROGRM" (PROGRAM) CHANNEL MENU (ANALOG CHANNEL)


"PROGRM" (PROGRAM) CHANNEL MENU (DIGITAL CHANNEL)


"PROGRM" (PROGRAM) LISTS MENU



Reserved for Future Use

"PROGRM" (PROGRAM) SCAN MENU


"PROGRM" (PROGRAM) SCAN LIST MENU


Reserved for Future Use

"PROGRM" (PROGRAM) PASSWORD MENU


APPENDIX B.  DEFINITIONS


Alert Mode - Display and audio properties used when the Emergency key is pressed.  In Normal mode, the display will flash "EMERGENCY" and an audio tone will be heard.  In Silent mode, the display will be blank and no audio tone will be heard.

Backlight - Light behind the keypad and LCD that allows a user to see the keys/LCD during dark/nighttime conditions.

Backlight Delay - The time that the backlight will remain on after the last keypad activity.

Bandwidth - A small range of frequencies around a transmit or receive frequency in which a message can be received or transmitted.

Bank - A group of zones.  There are up to four (4) Banks per radio.  Up to 16 zones can be distributed through the four Banks.

Channel - A memory location with defined: receive, transmit, squelch, modulation, and power settings.  There are 256 channels per radio.

Channel Locked - An indicator that channel parameters cannot be programmed using the LCD and keypad.  The channel parameters can only be changed using a PC Programmer.

Channel Scan - Will scan all "scan list" channels in a given 16 channel zone.   The scan starts on Home Channel, checks each channel in the Scan Plan, returns to the Home Channel, and then scans each channel in the Scan Plan.

Continuous Tone-Controlled Squelch System (CTCSS) Tone - A sub-audible tone superimposed on an analog signal, used to reduce interference from traffic and background noise.

Digital Coded Squelch (DCS) - A digital variable superimposed on a digital signal, used to reduce interference from traffic and background noise.

Dual-Tone Multiple-Frequency (DTMF) - A signaling scheme, used by the telephone system, in which two voice band tones are generated for each keypad key press.

Global Search - Will scan all frequencies programmed into the radio, regardless of scan list designation.

Initial Synchronization - The length of time required for the radio to perform encryption synchronization.

Monitor Receive Squelch - The radio will receive any intelligible analog transmission.

Monitor Timer - The amount of time the radio will stay on a channel picked up during scan before the radio reverts back to Scan Mode.

Network Access Code (NAC) - Selective squelch for digital mode.  The NAC's primary purpose is to allow a user access to a repeater network.  In radio-to-radio communications, these codes can be used to eliminate interference from other traffic and background noise.

Normal Receive Squelch - The radio will receive any transmission that has the correct NAC.

Priority 1 Scan - The Priority1 channel will be sampled during scanning, receive of an active channel, or standby.  Activity on the Priority1 channel will override all other modes except emergency.

Priority 2 Scan - The secondary priority channel is sampled in a similar fashion to the Priority1 channel.  Activity on the Priority2 channel will override all other modes except Emergency and Priority1.

Receive Only Channel - A feature which does not allow outgoing transmissions on the channel.  It is used for channels for which transmission is prohibited (i.e., weather channels).  If the PTT is pressed on a Receive Only channel, "RX ONLY" will appear on the display.

Repeater Delay - Delay timer used to prevent a radio from receiving it's own transmission from a tactical repeater.

Scan Delay - The amount of time that the scanner dwells on an active receive channel after the carrier has dropped.  This prevents another message from being received before a response can be made.

Scan Reply - The amount of time allowed, if a PTT press interrupts the Scan Delay timer to assure time for a reply to a received message.

Scan List- A group of channels in a zone that have been designated as active scan list channels.  Channels can be added or deleted from the scan list using the PC Programmer or the radio keypad.

Scan Revert Channel - The transmit channel the radio reverts to when the PTT is pressed during or following a scanned message.

Search Mode - The radio will scan for and open on carrier only regardless of CTCSS, DCS, or Digital ID.

Selective Receive Squelch - The radio will receive any transmission that has the correct NAC and TGID.

Shadow Channel - The radio of primary channels, each of which can have up to seven shadow channels.  A shadow channel has the same transmit and receive frequencies, options,. and transmit power levels as it's primary channel.  Individual shadow channels can be configured for different channel types (analog or digital), bandwidth (12.5 or 25 kHz for analog channels), squelch modes, P25 NACs (digital channel only), and encryption key (only one primary or shadow channel can have CVSD DES (conventional analog encryption) enabled).  When properly configured, shadow channels can be created to allow a user to hear all transmissions on a receive/transmit frequency regardless of channel type, bandwidth, squelch mode, or encryption.  Shadow channels can be created and shadow channels parameters can be edited using the MA6941C PC Programmer.

Talk Group Identifier (TGID) - Selective squelch for digital mode.  The TGID is used to group users into functional teams.

Transmit Inhibit and Override - A feature used to stop users from talking over other radio conversations.  There are three options CARRIER prevents transmission if any activity is detected on the channel; TONE prevents transmission on an active channel with a squelch code other than your own; and NAC prevents transmission on an active channel with the same NAC.  There is a quick-key override feature available, which allows a user to override the transmit inhibit state by quick-keying the radio (i.e., two PTT presses within a short time frame).

Transmit Timeout - Prevents inadvertent or prolonged transmit operations that can significantly shorten battery life.

Zone - A group of channels.  There are a maximum of 16 Zones per radio and each zone can contain up to 16 channels. Three (3) zones can be selected by the toggle switch or 16 zones by the radio keypad.

Zone Scan List - A group of Zones in a Bank that have been designated as active scan list zones.  Zones can be added or deleted from the scan list using the PC Programmer or the radio keypad.

APPENDIX C.  SIGNAL TONES


TONE
SIGNAL
CAUSE:

Brief Low-Pitched
Key Press Error
Invalid key is pressed.


Failed Power-On Self Test (POST)
Radio fails Power-On Self Test (POST).


Transmit Time-Out Warning
Transmit time-out about to interrupt PTT.


Empty Channel Warning
No Rx/Tx frequencies programmed for the channel.

Steady Low-Pitched
Transmit Time-Out Timed Out
Transmit time is exceeded and the PTT is still pressed.


Transmit Inhibit
PTT switch is pressed and there is activity on the transmit channel.


Invalid Mode
No programmed data on the selected channel.


Radio Locked
Radio locks after three consecutive wrong password attempts.

Brief Medium-Pitched
Key press
Valid key press is accepted by the radio.


Radio Passed POST
Radio passed POST.


Clear Voice being received
Radio is receiving a clear signal.

Repeated Medium-Pitched
Emergency Call State
Emergency button is pressed.


Key Error
Encryption is selected but no key is present.

Brief High-Pitched
Low Battery
Battery current falls below a preset value.

Repeated High-Pitched
Individual Call
An individual call is received.

APPENDIX D.  INTERFACES


Side Connector Pins and Functions

PIN
SIGNAL
FUNCTION
FUNCTION

1
EXTMIC or /WE
GENERAL or FILL
Microphone input or Key transfer Indicator input, asserted by voltage < 0.8VDC.

2
EXTMICB or KEY
GENERAL or FILL
Microphone bias or bi-directional Key Data, LVTTL levels.

3
GND
GENERAL
Ground reference.

4
WRU
GENERAL
Voltage input identifies external device.

5
EXTSPKR+ or KEYLOAD
GENERAL or FILL
Balanced Audio Output, 500mW into 8 Ohms or LVTTL level LOW Output when Keyloader is connected.

6
EXTPTT or KID
GENERAL or FILL
Push-to-talk input, asserted by voltage closure to Ground or Pseudo-random Key Insert Data, LVTTL level input.

7
/RADOFF
GENERAL
Power switch override input.  Ground forces off.  3-5VDC forces on.

8
EXTSPKR-
GENERAL
Balanced Audio Output, 500mW into 8 Ohms.

9
SQL
GENERAL
Squelch, LVTTL Level HIGH output on valid receive signal.

10
232CLK
Data Port
Synchronous clock output to PC Terminal (DCE),

RS-232 level (>+3V=ZERO, <-3V=ONE)

11
232TXD
Data Port
Transmit data line input (DCE),

RS-232 level (>+3V=ZERO, <-3V=ONE)

12
232RXD
Data Port
Receive data line output (DCE),

RS-232 level (>+3V=ZERO, <-3V=ONE)

13
232RTS
Data Port
Data port control input (DCE),

RS-232 level (>+3V=ON, <-3V=OFF)

14
232DTR
Data Port
Data port control input (DCE),

RS-232 level (>+3V=ON, <-3V=OFF)

15
232CTS
Data Port
Data port control output (DCE),

RS-232 level (>+3V=ON, <-3V=OFF)

16
PCRXD
Programmer
Receive data line output (DCE),

RS-232 level (>+3V=ZERO, <-3V=ONE)

17
PCTXD
Programmer
Transmit data line input (DCE),

RS-232 level (>+3V=ZERO, <-3V=ONE)

18
EXTPWR
EXT DC Power I/O. 
Output current limited to 50mA (TBR).  Input voltage limited to 13.8VDC

Transmitter Interface Pins and Functions

PIN
NAME
FUNCTION

1, 2
“10VT”
Transmit mode supply voltage, +10 VDC nominal.

3, 4
“10VA”
Supply voltage, +10 VDC nominal.

5, 6
GND
Ground.

7
XTALTEMP
Reference Oscillator temperature monitor.

8
PATEMP
PA temp monitor.

9
IMONITOR
PA current monitor.

10
RSSI
Buffered “IFAGC”.

11
OOL
Synthesizer Out-of-Lock indicator.

12
3VEEPWP
EEPROM write protect.

13
3VSCL
EEPROM serial clock.

14
3VSDA
EEPROM serial data.

15
5VSDA
Serial data.

16
5VSYNTHENA
Synthesizer write enable.

17
5VSCL
Serial clock.

18
RCLK
Shift register clock.

19, 20, 21
GND
Ground.

22
IFOUT
Receiver 455 kHz IF output.

23, 24, 25
GND
Ground.

26
4.5VSW
4.5V supply voltage from switches.

27
LDA
12-bit DAC chip select.

28
5VLDAC
8-bit DAC chip select.

29
GND
Ground.

30
MODCLK
12-bit DAC serial clock.

31
GND
Ground.

32
MODSDI
12-bit DAC serial data.

APPENDIX E.  SOFTWARE UPDATE


The radio software can be updated in the radio using a PC and the PC Programming cable.  To update the software , complete the following steps.  The update software (Updatexxx.exe) will either be sent via Email or in a zipped format on a 3.5" disk.  The Emailed version can either be run directly from the Email or loaded on the hard drive and run from there.  The disk copy must be extracted, using unzip software, onto the hard drive and run from there.

1. Connect the radio side connector to the PC COM port using the PC Programmer Cable.  Ensure that the radio is turned Off.

2. Double click on the Updatexxx.exe file. (xxx is the software version number).

3. A Racal Radio Software Update screen will appear as shown below.

4. Select the correct COM port (COM1 is the Default) and the highest baud rate the PC will support (9,600 is the default, 38,400 is recommended).

5. Turn On the radio.

6. Click on Update.  The radio may sound a click or a beep and the radio screen will go blank.  The Radio update screen will provide status.

DO NOT TURN OFF THE COMPUTER OR THE RADIO OR DISCONNECT THE RADIO FROM THE COMPUTER, UNTIL THE UPLOAD PROCESS IS COMPLETE.

7. When the process is complete, the window will display "Update Completed Successfully", the radio will beep, and the Operation screen will reappear in the radio display.  Push Exit to exit the software update screen.

8. If updating the radio software deletes the channel programming, reload the radio configuration using the PC Programmer.

TROUBLESHOOTING

1. If the "Failed to receive frame from radio" error occurs, there is either a problem with the PC-radio connection, the radio battery is dead, or the radio update was disrupted (radio or PC turned off or disconnected).

2. First, connect a known good battery to the radio and try again.

3. If it still does not work, check to make sure the PC and computer are properly connected.  Ensure the correct COM port is selected in the Racal Radio Software Update screen and that the PC supports the chosen baud rate and try again.

4. If it still does not work, the radio firmware needs to be reset before the software can be uploaded.

a. Short side connector pins 17 and 18 (back two on the bottom row) while turning On the radio (the recommended method of shorting pins is touching both at once with tweezers).

b. The radio may either click or beep within one minute (depending on volume).

c. Reconnect the radio to the PC.

d. Click on Update.

5.
If the program still does not work, either the radio is bad or the software is corrupted.  Call Racal Customer Support at 1-800-914-0303.

APPENDIX F.  GLOSSARY


AC
Alternating Current

ADC
Analog to Digital Converter

AGC
Automatic Gain Control

AM
Amplitude Modulation

APCO
Association of Public Safety Communications Officials

BATBUS
Battery Serial Bus

BPF
Band Pass Filter

Bps
bits per second

BSF
Band Stop Filter

BW
Bandwidth

C
Celsius

C4FM
Compatible 4-level Frequency Modulation

CAI
Common Air Interface

CCA
Circuit Card Assembly

CMOS
Complimentary Metal-Oxide Semiconductor

CODEC
Coder/Decoder

CPU
Central Processing Unit

CQPSK
Compatible Quadrature Phase Shift Keying

CRC
Cyclic Redundancy Check

CS
Chip Select

CTCSS
Continuous Tone-Controlled Squelch System

CTS
Clear to Send

CVSD
Continuously Variable Slope Delta

DAC
Digital to Analog Converter

dB
decibel

dBm
decibel milliwatt

DBM
Double-Balanced Mixer

DC
Direct Current

DCS
Digital Coded Squelch

DDMC
Digital Data Mode Control

DES
Digital Encryption Standard

DMA
Direct Memory Access

DSP
Digital Signal Processing

DTMF
Dual-Tone Multiple-Frequency

DTR
Data Terminal Ready

EEPROM
Electronically Erasable Programmable Read-Only Memory

EIA
Electronic Industries Alliance

EOM
End of Message

ESD
Electrostatic Discharge

ESSI
Enhanced Synchronous Serial Interface

EXTPTT
External Push-To-Talk

F
Fahrenheit

FDMA
Frequency Division Multiple Access

FIFO
First In First Out

FIR
Finite Impulse Response

FM
Frequency Modulation

FPGA
Field Programmable Gate Array

FS
Frame Synchronization

FSK
Frequency Shift Keying

Hz
Hertz

IC
Integrated Circuit

ICD
Interface Control Document

ID
Identification

IF
Intermediate Frequency

IIR
Infinite Impulse Response

IMBE
Improved Multi-Band Excitation

I/O
Input/Output

ISR
Interrupt Service Routine

JTAG
Joint Test Action Group

kbps
kilobits per second

kHz
kiloHertz

ksps
kilo-samples per second

KVL
Key Variable Loader

LCD
Liquid Crystal Display

LED
Light Emitting Diode

Li-ion
Lithium Ion

LO
Local Oscillator

LPF
Low Pass Filter

LUT
Look-Up Table

mA
milliAmpere

mAH
milliAmpere Hour

MHz
MegaHertz

MLA
Modulation Level Analyzer

MMI
Man-Machine Interface

MPU
Micro-Processor Unit

ms
milliseconds

NAC
Network Access Code

NID
Network Identification

OFB
Output Feedback

OOL
Out-of-Lock

PA
Power Amplifier

PC
Personal Computer

PCB
Printed Control Board

PDS
Product Development Specification

PLL
Phased Locked Loop

POST
Power On Self-Test

ppm
parts per million

PSU
Power Supply Unit

PTT
Push-To-Talk

PWM
Pulse Width Modulation

RAM
Random Access Memory

RF
Radio Frequency

ROM
Read-Only Memory

RSSI
Received Signal Strength Indicator

RTS
Request to Send

Rx
Receive

SBCF
Single-Bit Cipher Feedback

SMA
Sub-Miniature series A

Stby
Standby

TGID
TalkGroup Identification

TIA
Telecommunications Industry Association

Tx
Transmit

V
Volt

VAC
Volts, Alternating Current

VCO
Voltage Controlled Oscillator

VDC
Volts, Direct Current

VHF
Very High Frequency

VOCODER
Voice Coder/Decoder

VOGAD
Voice-Operated Gain Attenuating Device

Vp-p
Volt peak-to-peak

VSWR
Voltage Standing Wave Ratio

W
Watts

WRU
Who Are You

SCHEMATICS

The following schematics are included:

4200649
Keypad CCA(1 page)

4200675
Transceiver CCA(4 pages)

4200676
Control CCA (6 pages)

All schematics are subject to change without notice.

Part Number 84328, Rev. A

Racal Communications, Inc.

5 Research Place

Rockville, MD 20850

RCI@racalcomm.com

(FUTURE USE)
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