O
O
E=N
o
=~
o
O
=
O
—
==
>
=
O
o
O
O
~

MiXed Signal ICs

Wireless Data Modems
Secure Speech
Continuous Tone Signaling
Sequential Tone Signaling
Voice Codecs '
Audio Processors |

sD| [Pubis paxinN

1994° MX-COM,INC.

1994 PRODUCT HANDBOOK

1
S b




MX-COM, INL.

MiXed Signal Integrated Circuit
Product Handbook

©1994



Page 2

INTRODUCTION

This handbook presents technical specifications and application notes
for MX*COM's MiXed signal integrated circuits.

MXeCOM specializes in the development of high-performance, MiXed
signal Application Specific Standard IC's for communication tasks
such as:

* wireless modems

* sub-audio tone signaling

* speech security

* and voice storage/retrieval.

MXsCOM offers quick turn-around design methodologies supported by
specialized manufacturing facilities, comprehensive test, quality as-
surance, and prototype assembly backed by more than 10 years of
telecommunication product design experience.

Call us at (910) 744-5050 or Toll-Free in the Continental U.S., Alaska
and Canada at (800) 638-5577. Or Fax us at (910) 744-5054 for price,
availability and applications assistance.

MX-COM, INC.
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MX469 1200/2400 bps MSK Modem with Serial Control ......... .p. 35 v v
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COMPANY PROFILE

MXsCOM, INC., a member of CML Microsystems Plc. group of Witham, Essex, England, designs, manufactures and sells
radio, telecommunication, and wireless data communications IC’s. The company products utilize amixed analog and digital
CMOS process. The combination of detailed system knowledge and integrated circuit design capability has resulted in high-
quality products for:

* Two-Way Mobile Radio

¢ Cellular Radio

* Modems for Radio Data Communications
* Voice Security/Voice Coding

* Paging

 Cordless Telephones

* Military Communications

Although manufactured in separate facilities in North Carolina and the UK, the monolithic products of MXeCOM and
Consumer Microcircuits Ltd. (also a member of CML Microsystems Plc.) share similar form, fit and function. Each thereby
serves as a 2" source back-up of the other — unique among niche market IC suppliers.

FACILITIES

MXsCOM occupies a 28,000 square foot purpose-built facility in Winston-Salem, NC. Productdesign, packaging andtesting
are performed at the Winston-Salem facility. Qualified foundries are used for waferfabrication. All subcontractors are subject
to stringent MXsCOM specifications and oversight -- see “Quality and Reliability.”

Customer visits to MXeCOM are welcomed and can be arranged by contacting the sales department.

MXeCOM has distributors and agents worldwide. See the inside back cover of this catalog for a complete listing.

MXeCOM headquarters, Winston-Salem, North Carolina

Page 6 MX-COM, INC.



DEVELOPMENT PROCESS

MXeCOM's integrated circuit products focus on baseband
signal processing for wireless telecommunication applica-
tions. To offer truly integrated solutions it is necessary to
combine analog and digital technology on a single monolithic
silicon substrate (“mixed signal” technology).

MXeCOM's integrated circuit designers follow a clearly de-
fined protocol from the conceptual phase through device
fabrication (see figure atright). State ofthe art CAD tools are
a critical component to all phases of this process. Maximiz-
ing the usage of CAD tools minimizes the probability of errors
from human intervention.

The concept phase involves the use of high-level system
simulators for verifying the approach to a particular design.
Ultimately, this process yields a top-level block diagram
which must be approved by key departments throughout
MXeCOM. The next step is design capture. This consists of
turning the top-level block diagram into a transistor level
representation. The transistorlevel design is then simulated
using a proprietary analog simulator (similar to SPICE) in
conjunction with an industry standard digital simulator. The
simulation results are carefully analyzed, and any neces-
sary improvements are made. When the results are satis-
factory the design is ready for the layout phase.

The first step in the layout phase, and the most critical, is
“floor planning.” In MXeCOM's mixed-signal devices high
performance analog circuitry is completely isolated from on-
chip digital sections, ensuring optimum noise performance.
After a suitable floorplan is agreed upon the actual layout
begins. Layout is accomplished using a combination of
computer generated (auto-routing) and full-custom tech-
niques. Once the layout is complete the verification phase
begins.

Inthe verification phase the layout s first checked for design
rule violations. When all design rule violations are removed
the layout is compared to the schematic and/or HDL (Hard-
ware Description Language) using a “Layout versus Sche-
matic” CAD tool. After this comparison the design is com-
pletely re-simulated. But this time the input for the simulator
is extracted from the layout, including the parasitic effects
due to routing. When the results of the re-simulation com-
pare favorably to the previous simulation the design is ready
for fabrication.

IC design at MX*COM is a highly structured, meticulous

process. The end resultis a family of products that offer the
highest levels of performance and integration attainable.

MX-COM, INC.
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QUALITY AND RELIABILITY

MXsCOM is committed to the quality that grows customers.
Our policy is to only provide products that conform to
realistic, documented standards that establish fitness for
use and assure continued performance over time.

Producing quality products requires:
» Knowledge - knowing what to do,
» Skills - being able to do it,
* andContinuous Improvement - getting better every day.

Knowledge is obtained through careful market and product
definition which includes the involvement and feedback of
valued and potential customers, and by actively participating
on industry standards committees.

Skills are provided by talented and dedicated employees
Continuing training is provided to maintain
existing skills, to promote employee aware-
ness and to develop needed new skills and
knowledge. Additionally, MXeCOM contin-
ues to make substantial capital investments
necessary to support design, manufactur-
ing, and quality activities and objectives.

Continuous Improvement is a necessary
element of any quality effort, and MXsCOM
is no exception.ln 1994, MXeCOM expects
to complete 1ISO-9000 certification, and
subsequently intends to build on this through
the Malcolm Baldrige process to achieve
quality levels second to none.

Quality andreliability are anintegral part of product definition
objectives and manufacturing practice. For instance,
MXeCOM products are implemented using conservative
design rules and fabricated using well-established pro-
cesses from qualified foundries. The product is then as-
sembled at the MXsCOM facility in North Carolina or by
qualified third party assembly operations. The MXsCOM
assembly process is qualified to Mil Standard 45208. Con-
formance to specification for sub-contract assembly and
wafer productionis strictly monitored through inspection and
audit procedures. Electrical test, at wafer level and finished
assembly, is performed at the Winston-Salem facility using
proprietary hardware and software. Product traceability is
provided throughout the production cycle.

MXeCOM's quality objective is total customer satisfaction.

IC Assembly is Performed in MX*COM's Clean Room

DATA SHEET IDENTIFIERS
All products in this catalog may be classified in one of the following ways:
Identifier Product Status Comments
None Full Production Guaranteed limits will not be changed except through formal change
procedures that update specifications upon the next publication issue
-- contact MX*COM, INC for current information.

Preliminary Pre-Production The test limits specified are predicated on an incomplete statistical
sampling, possibly taken from only an initial production batch, and are
therefore likely to change.

Advance Samples Pending Specificatons are based on unproved design targets of products in
development.

CUSTOMER SUPPORT

Backing up our products is a team of factory and worldwide manufacturing reps (see inside back cover) staffed by sales
and application engineers who can provide a wealth of information, as well as identify additional resources to help
develop customer products. In addition, our technical literature discusses radio and modem technology and applica-
tions. Other services include on-site design support or factory analysis of any issues our customer may have.

Page 8
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ORDERING INFORMATION

Please specify the device package type when placing an order. Package type suffix codes are defined below. See
the last section of the catalog for package dimensions.

Example:MX165BP

— Package Style

Device J = Ceramic Dual In-Line
Maijor Revision P = Plastic Dual In-Line
Level LH, LH8 = Plastic Leaded Chip Carrier
(A, B, C, etc.) DW = Small Outline Integrated Circuit

TG = Thin Quad Flat Pack
TS = Thin Shrink Small Outline Package

SECOND SOURCE: A qualified second source for MX*COM integrated circuits is Consumer Microcircuits Limited.
Device numbers on Consumer's and MXsCOM's products are the same with the following exceptions:

- Where MXsCOM products bear an “MX” prefix, Consumer's products bear an “FX” prefix. For example, a
Consumer's FX365A is the equivalent of an MXsCOM MX365A.
- MXsCOM's and Consumer's products may not have identical pin-outs or package styles. Call the factory
for more information.
- Some MX*COM and Consumer's package styles have different suffixes:
MXsCOM Consumer's
24-lead Plastic Leaded Chip Carrier LH LS
28-lead Plastic Leaded Chip Carrier LH8 LH

TO PLACE AN ORDER:
In the U.S. and Canada, call or write the MXeCOM sales department:

Attn: Sales Dept.
MXeCOM, Inc.

4800 Bethania Station Rd.
Winston-Salem, NC 27105

Phone: (910) 744-5050 OR (800) 638-5577 (Toll-Free in the Continental U.S., Alaska and Canada)
Fax (910) 744-5054.

The phones are staffed from 8AM to 5PM E.S.T., Monday through Friday.
Terms of payment are net 30 days with approved credit, F.O.B. Winston-Salem, NC.
In the Far East or Europe, please contact the authorized distributors listed on the inside back cover of this catalog.

iBe s

Final Test is Performed in Clean, Controlled Environment

MX-COM, INC. Page 9
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Technical Specifications

MiXed Signal
Integrated Circuits

The following sections contain specifications on
MXeCOM's MiXed Signal IC's.

MX-COM, INC. Page 11
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Technical Specifications

Section 1:
Wireless Modems

The following section contains specifications on
MXsCOM's Wireless Modem IC's

Device Description Page
All Guide to MX*COM Modems p. 14
MX429/529 1200 bps MSK Modem with Parallel BUS Control p. 15
MX439 1200 bps MSK Modem with Serial Control p. 29
MX469 1200/2400 bps MSK Modem with Serial Control p. 35
MX589 40k bps GMSK Modem with Serial Control p. 43
MX809 1200 bps MSK Modem with C-BUS Control p. 57
MX909 High-Speed and MOBITEX GMSK Modem p. 70 NEW
MX919/929  High-Speed 4-Level FSK Modem/ARDIS p. 103 NEW
MX939 CDPD/AMPS-WBD Full-Duplex Modem p. 140 NEW

MX-COM, INC. Page 13
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GUIDE TO MX-COM MODEMS

POWERSAVE |

XTAL

o pp . |PC : PROTOCOLS | ADDITIONALFEATURES =~ =
INTERFACE | MODES | (MHz) STANDARDS | e
8-BIT YES 4.032 TRUNKED RADIO HIGH INTELLIGENCE
PARALLEL 1TMATYP. BAND Il ERROR CHECKING IN RX
MPT 1317/1327 ERROR CHECK WORD GENERATION
FRAME SYNC/SYNT DETECTION
MX5297 1200 FULL 8-BIT YES 4.032 TRUNKED RADIO HIGH INTELLIGENCE
MSK PARALLEL 1MATYP. PAA 1382 ERROR CHECKING IN RX
ETSI/EBSS 1200 ERROR CHECK WORD GENERATION
FRAME SYNC/SYNT DETECTION
PIN/FUNCTION COMPATIBLE WITH MX429
MX439 1200 FULL NO YES 4.032 GEN. DATA ON-CHIP RX & TX BANDPASS FILTERS
MSK 650uA TYP. or TRUNKED RADIO ON-CHIP CLOCK RECOVERY
1.008 ZVEI/BOS/R2000 PIN-SELECTABLE XTAL/CLOCK FREQ.
NMT 450/900
MX469 1200 FULL NO YES 4.032 GEN. DATA ON-CHIP RX & TX BANDPASS FILTERS
2400 650uA TYP. or TRUNKED RADIO ON-CHIP CLOCK RECOVERY
MSK 1.008 BAND IlI PIN-SELECTABLE XTAL/CLOCK FREQ.
ZVEI/BOS/R2000 PIN/FUNCTION COMPATIBLE WITH MX439
NMT 450/900
MX589 4k TO FULL NO YES 4.096 CDPD RX & TX DATA CLOCK GENERATION
40k OR 1mMATYP. 4.9152 RAM-MOBITEX SERIAL RX & TX DATA INTERFACES
GMSK HALF 2.048 HIGH-SPEED DATA SELECTABLE BT (0.3 OR 0.5)
2.4576 UNIVERSAL DATA PIN/FUNCTION COMPATIBLE WITH MX489
MX809 1200 HALF SERIAL YES 4.032 UNIVERSAL HIGH INTELLIGENCE
MSK “C-BUS” 2mATYP. TRUNKED RADIO MPT1327 ERROR CHECKING
MODEM SELECTABLE CHECKSUM GEN.
MX909 4.8/9.6/19.2k HALF 8-BIT YES 1t0 10 RAM-MOBITEX AUTO. HANDLES MOBITEX FRAME STRUCT.
OR 4/8/16k PARALLEL 1MATYP. HIGH-SPEED DATA TRANSMISSION
MX919 4.8/9.6/19.2k HALF 8-BIT YES 2to 10 UNIVERSAL AUTO. HANDLES GEN/PURP. FRAME STRUCT.
4-Level FSK PARALLEL TMATYP. “SOFT” VITERBI RX SIGNAL DECODING &
ERROR CORRECTION
MX929 4.8/9.6/19.2k HALF 8-BIT YES 2to 10 RD-LAP AUTO. HANDLES RD-LAP FRAME STRUCT.
4-Level FSK PARALLEL 1TmMATYP. “SOFT” VITERBI RX SIGNAL DECODING &
ERROR CORRECTION
MX939 10/19.2k FULL 8-BIT YES 1.44 CDPD SAT TONE DETECTION & REGENERATION
GMSK PARALLEL 1TmATYP. AMPS-WBD SERIAL RX & TX DATA INTERFACES
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MX429
MX529

STANDARD PROTOCOL MSK MODEM FOR TRUNKED RADIO

FEATURES APPLICATIONS

® Full-duplex Operation e Standard Protocol Radio Trunking
©® Generates Preamble / Detects Carrier Systems

® Flags Both Control & Traffic Frames ® Mobile Radio SELCALL, ANI, Status,
® Detects Errors / Outputs Symptom Data

® High Data Throughput for 2-way Radio ® MX429: British MPT1327 Signaling

® MX529: French PAA 1382 Signaling

DESCRIPTION

The MX429 and MX529 are single-chip, low-power CMOS 1200 baud MSK Modems,
designed primarily for use in trunked radio, telemetry and packet radio applications. The
MX429 has been designed to conform to the MPT1317/1327 UK Band Ill trunked radio
protocols. The MX529 has been designed for both the PAA 1382 French trunked radio and
the proposed ETSI EBSS 1200 Digital Signaling Specifications.

The devices are full-duplex at 1200 baud and include an 8-bit parallel microprocessor
interface. The on-chip programmable timer may be set forinterrupt periods of 8 to 120 bits.
Preamble and an error check word are automatically generated in Transmit mode. Error
checking is performed and the 16-bit SYNC or SYNT words are detected in Receive.

An on-chip xtal/clock generator which requires an external 4.032 MHz xtal or clock
input provides 4.032 and 1.008 MHz outputs. In addition, it performs all modem timings.

\

MX429J/529J (CDIP)
MX429P (PDIP)
24 pins

>

The MX429/MX529 requires a single 5 volt power supply and has powersave circuitry. They MX429_LH1529LH
are available in 24-pin Cerdip, 24-pin PDIP or 24-lead PLCC packages. 24-pin PLCC
CARRIER DETECT
CAPACITOR I Veias
DATA * ¢ <
‘
> RX MESSAGE FORMAT
RECEIVERINPUT )} s SYNG/SYNT p| BYTE by CHECKSUM |4
RECEIVER DETECTOR COUNTER CHECKER | RX CHECKSUM TRUE
Vop I_'
STATUS
—> [ > A RECOVERED CLOCK A wl o ReuE
MICROPROCESSOR SYNC
INTERFACE p| AXDATA < SYNT
STR xig | RXD%ESITER DATA o RX DATA READY
g 8-BIT uP BUS RX CARRIER DET.
‘A]‘VAO gﬁFD;gg < — RX CHECKSUM TRUE
¢ D7 .l TX DATA READY
~N T TX DATA TIMER EXPIRED
<2y CONTROL BUFFER
‘ﬂ.’ REGISTER
CHECKSUM TX PARITY
<‘D2’D1 > i‘: l‘::::s::: i ? (GENERATOR|[®ENABLE
PRI — RX MESSAGE FORMAT TX DATA —-»——z ¢
Ves — TX PARITY ENABLE REGISTER ver | TRANSMITTER
ss CLOCKS 5 TRANS. |—OUTPUT
I i MITTER
XTAL/ICLOCK Ll AA 4 COUNTER
— 7 G%hOE%'f\ T BATA HoY —»|INTERRUPT| TRG
- b
TAL e > TIMER SYNC—®| GENERA- [—P
1.008 MHz SYNT TOR
v OUTPUT | TX IDLE—
> 4
Figure 1 - Internal Block Diagram

MX-COM, INC.
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MX429/MX529

PIN FUNCTION TABLE

J,P | LH

1 1 Ve Theinternal circuitry bias line, held atV, /2. This pin must be decoupled to V by capacitor C,. See
Figure 3.

2 2 TRANSMIT OUTPUT: The 1200 baud, 1200/1800Hz MSK TX output. When not enabled by the Control
Register (D), the output is set to a high impedance state.

3 4 RECEIVER INPUT: The 1200 baud received MSK signal input. The 1200/1800 Hz audio to this pin must

L be a.c. coupled via capacitor C,. See Figure 3.

5 5 V- Positive supply. A single +5V regulated supply is required. It is recommended that this power rail be
decoupled to V by capacitor C,. See Figure 3.

6 6 CARRIER DETECT TIME CONSTANT: The on-chip carrier detect integration function requires a
capacitor, C,, to V¢, together with a resistor, R,, to V, that determine the carrier detect response time.

7 7 XTAL/CLOCK: Theinputtothe clock oscillatorinverter. A4.032 MHz Xtal or externally derived clock pulse
input should be connected here. See Figure 3.

8 8 XTAL: The output of the 4.032 MHz clock oscillator.

9 9 D, Microprocessor Data Interface

10 | 10 | D

11 11 | D,

12 | 12 | D, These eight lines are used by the device to communicate with a

13 | 13 | D,: microprocessor, and with the A , A, and A, inputs

14 | 14 | D determining register selection.

15 | 15 | Dy

16 | 16 | D,

17 | 17 | A,; REGISTER SELECTION: These inputs, with the A, input,select the

18 | 18 | A1 required register to the data bus as shown in Table 1 (below).

Control 0 1 1
Table 1 Status 1 1 1
RX Data 1 0 1
TX Data 0 0 1
Syndrome Low 1 0 0
Syndrome High 1 1 0

19 | 19 | STROBE: This input performs the dual functions of selecting the device for Read or Write and strobing
datain orout. It should be generated by gating high order address bits with a read-write clock. This device
is selected when STROBE = 0 (see Figure 5). NOTE: If data at inputs DO-D7 changes during STROBE
an interrupt may occur.

20 | 20 | A, Thisinputdetermineswhichinternal registers are connectedtothe Data Interface pins (D0-D7) during
STROBE (see Table 1 and Figure 5).

21 21 | IRQ: Interrupt Request. This line will go to a logic “0” when an interrupt occurs. This output can be "wire
OR'd" with other active low components (100 k2 pullup to V ;). The conditions that cause the interrupts
are indicated at the Status Register and are as follows:

Timer Expired RX Data Ready TX Data Ready
TXIdle RX SYNC Detect RX SYNT detect
Page 16 MX-COM, INC.




MX429/MX529

PIN FUNCTION TABLE

Pin |Function
J,P|LH
23 | 22 | Vg Negative Supply (GND)
24 | 23 | CLOCK=+4: A1.008 MHz (X, +4) clockis available at this output for external circuit use. Note the source
impedance and source current limits.
4,221 3,24 | These pins are not connected. Leave open circuit.

Modems in Mobile Data Signaling...An Introduction

Digital Code Format

The MPT1327 Signaling Standard for Trunked LMR Systems protocol is used by the MX429 for communication
between a trunking system controller (TSC) and users’ radio units. The PAA 1382 Signaling standard protocol is used for
the MX529. These data stream formats are summarized in Figure 2.

RX and TX at 1200 baud, the minimum overall transmission length is 96 bits.

Preamble SYNC or SYNT
WO oSS cor B 08 oo
For bit sync. PT1317 00010011010111  001110110010100 Address
101010....10..-bit | /1327) HEX: C4D7 HEX: 3B28 Code Optional
M rev<—3rsa|sb Word c dDa\’;s a
inimum 16 bits ode Words
nimur e | MX529 SYNC Word SYNT Word .
ending in logic "0"| (pAA 1382) | 1011010000110011 0100101111001100 64 bits
HEX: B433 HEX: 4BCC
NOTES: SYNC + SYNT = FFFF
SYNT = SYNC
Address Code Word Structure (Bit 1 is transmitted first)
Bit No. 1 2 to 8 9 to 48 49 to 64
No. of bits 1 7 40 16
s aqu , . Check Bits
Structure [Logic "1 User’s Identity A&d%rae‘tsas (Checksum)

Figure 2 - The Data Stream for MPT 1317/1327 and PAA1382

MX-COM, INC.
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MX429/MX529

Modems in Mobile Data Signaling...An Introduction (Cont.)

Operation

The MX429/529 can be used in full-duplex mode in conjunction with a host microprocessor. The P operates on the
data, while the MX429/529 handles all other signaling routines and requirements.

In the TX mode, the MX429/529 will: -

(1) Internally generate and transmita preamble for system
bit synchronization,

(2) Accept from the host and transmit a 16-bit SYNC or
SYNT word,

(3) Accept from the host and transmit 6 bytes of data
(Address Code Word) and, upon a software command,

(a) internally calculate and transmit a 2-byte
checksum based on the previous 6 data bytes, or
(b) disable internal checksum generation and
allow continuous data transmission, and

(4) Transmitone “hangbit”’ and goidle whenallloaded data
traffic has been sent (followed by a “TX Idle” interrupt).

Non-MPT Application (Full-Duplex)

In the RX mode, the MX429/529 will:

(1) Detect and achieve bit synchronization within 16 bits,
(2) Search for and detect the 16-bit SYNC or SYNT word,

(3) Output all received data after SYNC/SYNT in byte form,
and

(4) Upon a software command (RX Message Format), use
the received checksum to calculate the presence (if
any) of errors and advise the host with an interrupt and
a 16-bit Syndrome word.

Note: Inthe RX mode, a software command tells the
MX429/529 to expect either a SYNC/SYNT word every 8
received bytes (6 data + 2 checksum) or a continuous data
stream. Normally the SYNC word is used on the Control
channel and the SYNT word is used on the Traffic data
channel.

The functions described here can be accessed via the commands and indications detailed in the Register Instructions

pages.

Transmit: When enabled, the device transmits a
“101010...010” preamble until data for transmissionis loaded
by the host microprocessor. The MX429/529 will transmit 6
bytes of the loaded data followed by a 2 byte checksum
based onthat data. As long as TX data is being loaded, the
transmitter will transmit in the 6 byte data/2 byte checksum
format.

Automatic checksum generation can be inhibited by
a software command, allowing transmission of continuous
data streams.

Receive: A 16-bit SYNC or SYNT word is required
(see note above) before output of data bytes. The modem
receiver will then output continuous bytes of data. After
every 6 bytes, a 2-byte checksum word will be generated,
which can be ignored or used for error checking.

The Control Register, when selected, directs the modem's operation as described below.

Bit Description Function
Bit0 TXEnable*
D, nization and the start of 1010...

0

Set = logic “1” (High)

Clear = logic “0” (low)

Set - D, enables the transmitter for operation. A “0-1” transition causes bit synchro-
...... 10 preamble pattern transmission. At least one byte of

preamble willbe transmitted. If data is loaded into the TX Data Buffer before one byte hasbeen
sent, then that data will follow. Otherwise, whole bytes of preamble will continue until data is

loaded.

Clear- The Transmitter Output pin is set to a highimpedance and no transmitter interrupts are

produced.

Page 18
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Control Register

Bit 1 TX Parity Set - D, indicates to the transmitter that 2-byte checksums are to be generated by

D, Enable the modem. A“0-1”transition starts checksum generation on the nextsix bytes loaded fromthe
TX Data Buffer into the TX Data Register. Checksum generation continues for every six bytes
loaded until this bitis cleared. The transmitter will send the generated checksum (2 bytes) after
the last of each 6 bytes have been sent. If an underrun (no more data loaded) condition occurs
before 6 bytes have been loaded, checksum generation will abort, the transmission will cease
after one “hang” bit has been sent, and Bit 4 in the Status Register (TX Idle) will be set. No
checksum will be transmitted.
Clear - No checksum generation is carried out and the host may supply the checksum bytes.
The output is then “as written.”

Bit2 RXEnable* Set - D, enables the receiver for operation. No data is produced (i.e. no RX Ready
D, interrupts) until a SYNC or SYNT word is found in the received bit stream.
Clear - The receiver is disabled and all interrupts caused by the receiver are inhibited.
Bit3 RXMessage Set - D, is sampled after a checksum has been received and allows the host to
D, Format control the way the receiver handles the following data bits. If set, the receiver willassume that

the next 6 bytes are data and will start error checking accordingly.
Clear - The receiver will stop data transfer to the host after the 2 checksum bytes until another
SYNC or SYNT frame word is received.

Bit4  TimerLSB These 4 bits control the timer as follows:
D, D, D, D, D,
0 0 0 0 Reset Counter and disable timer interrupts
0 0 0 1 Count and interrupt every 8 bits
0 0 1 0 ! ! " 16 bits
0 0 1 1 ! ! " 24 bits
Bit5 Timer 0 1 0 0 ! ! " 32 bits
D, 0 1 0 1 ! " " 40 bits
0 1 1 0 " " " 48 bits
0 1 1 1 " " " 56 bits
1 0 0 0 ! ! v 64 bits
Bit6  Timer 1 0 0 1 ! ! ! 72 bits
D, 1 0 1 0 " ! " 80 bits
1 0 1 1 " ! " 88 bits
1 1 0 0 ! ! " 96 bits
1 1 0 1 ! ! " 104 bits
Bit7  Timer MSB 1 1 1 0 " " " 112 bits
D, 1 1 1 1 ! ! ! 120 bits
Ifanew timervalue is written to these inputs within 1 byte period of the last timer interrupt,
the next timer period will be correct without first having to reset the timer. Otherwise, the
timer must be reset to zero and then set to the new time.
*Note: Enabling Times - The time taken to enable one section (receiver or transmitter) when both sections are
initally disabled is 16 bit periods. If one section (receiver or transmitter) is already enabled this time is
reduced to 1/2 bit period.

TX Enable - If using the internal TX Preamble generation circuitry, e.g. with the internal timer setting the
preamble length, the device occasionally produces a TX Data Ready interrupt immediately after a TX
Enable. Software should handle this by either:
1) Detecting that the Timer Interrupt status bit is not set and that it is not appropriate to load data for
TX atthat time.
or 2) By notusing the timer, i.e. immediately after TX Enable, reading the status register and loading a
byte of preamble. This resets any interrupt. The length of the preamble transmitted is now controlied
by the number of bytes loaded.
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) y

When an interrupt is generated the IRQ output goes Low with the Status Register bits indicating the sources of the

interrupt.
Bit Description

Bit0 RXData
D, Ready

0

Bit 1 RX Checksum
True

Bit 2 RX Carrier
D Detect

Bit3 TXData

D, Ready
Bit4 TXlidle
D4

Bit5  Timer

D, Interrupt

Bit6 RXSYNC
D Detect *

Bit7 RXSYNT
D Detect *

*Note

Page 20

Function Set = logic “1” (High) Clear = logic “0” (low)

D,, when set, causes an interrupt indicating that received data is ready to be read from the
RX Data Buffer. This data must be read within 8 bit periods.

Set - when a byte of data is loaded into the RX Data Buffer, if a frame (SYNC/SYNT) word has
been received.

Bit and Interrupt Cleared - a) by a read of the Status Register followed by a read of the RX
Data Buffer or b) by RX Enable going Low.

D,, when set, indicates that the error checking on the previous 6 bytes agreed with

the received checksum. This function, which is valid when the RX Data Ready bit (D0) is set
for the second byte of received checksum, does not cause an interrupt.

Set - by a correct comparison between the received and generated checksums.

Cleared - a) by a read of the Status Register followed by a read of the RX Data Buffer, or b)
by RX Enable going Low.

D, is a “real time” indication from the modem receiver's carrier detect dircuit and does not
cause an interrupt. When MSK tones are present at the receiver input, this bit goes High. With
no MSK input, it goes Low. When the RX Enable bit (D, - Control Register) is Low, RX Carrier
Detect will go Low.

D,, when set, causes an interrupt to indicate that a byte of data should be written to the TX
Data Buffer within 8 bit periods.

Set - a) when the contents of the TX Data Buffer are transferred to the TX Data Register, or b)
when theTX Enable is set--No interrupt is generated in this case.

Bit Cleared - a) by a read of the Status Register followed by a write to the TX Data Buffer, or
b) by TX Enable going Low.

Interrupt Cleared - a) by a read of the Status Register, or b) by TX Enable going Low.

D, causes an interrupt when set to indicate that all loaded data and one "hang" bit have been
transmitted.

Set - one bit period after the last byte is transmitted. This last byte could be either “checksum”
or “loaded data” depending on the TX Parity Enable state (Control Register D).

Bit Cleared - a) by a write to the TX Data Buffer, or b) by TX Enable going Low.

Interrupt Cleared - a) by a read of the Status Register, or b) by TX Enable going Low.

D, when set, causes an interrupt to indicate that the set timer period has expired.
(Control Register D, - D,).

Set - by the timer.

Bit and Interrupt Cleared - by a read of the Status Register.

D, when set, causes an interrupt to indicate that a 16-bit SYNC word (see Figure 2) has
been detected in the received bit stream.

Set - on receipt of the 16th bit of a SYNC word.

Bit Interrupt and Cleared - a) by a read of the Status Register, or b) by RX Enable going Low.

D,, when set, causes an interrupt to indicate that a 16-bit SYNT word (see Figure 2) has
been detected in the received bit stream.

Set - on receipt of the 16th bit of a SYNT word.

Bit and Interrupt Cleared - a) by a read of the Status Register, or b) by RX Enable going Low.

SYNC and SYNT Detection is disabled while the checksum checker is running.
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These 8 bits are the last byte of data received. Bit 7 is received first. Note the relative positions of the MSB and LSB
presented in this stream: the position may be different from the convention used in other microprocessor peripherals.

~ Write Only

These 8bits loaded into the TX Data Buffer are the next byte of data that will be transmitted (bit 7 first). Note the relative
positions of the MSB and LSB presented in this stream: the position may be different from the convention used in other
microprocessor peripherals. If the TX Parity Enable bit (Control Register D, ) is set, a 2-byte checksum will be inserted and
transmitted by the modem after every 6 transmitted "message" bytes.

The Syndrome Word
This 16-bit word (both Low and High bytes) may be used to correct errors.

Bits S, to S, are the 15 bits remaining in the polynomial divider of the checksum checker at the end of 6 bytes of
“received message.” For a correct message all 15 bits (S, to S,,) will be zero.

The 2 Syndrome bytes are valid when the RX Data Ready bit (Status Regiser D) is set for the second byte of the
received checksum and should be read, if required, before 8 byte periods.

Syﬁdifome Low Bte A;f;-ze.O” ~ Read Only
D, D, D, D, D, D, D, D,
s1 S2 s3 s4 S5 S6 s7 S8

Syndrome High

S9 S10 S11 S12 S13 S14 S15 Parity Error

D, is a “Parity Error Bit” indicating an error between the received parity bit and the parity bit internally generated from

the incoming message. So for a correctly received message all 16 bits of the Syndrome Word (S, to S, and Parity Error)
will be zero.
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Fm e m e m e — = —
Voo(? 1 Inset !
] Recommended XTAL !
Clock | Components !
Veus 3 N %4, \ 1
Transmit Output v, ) XTAL/Clock ‘
«—2 23 _ﬁ—_l_ !
Receive Ingutnc_3> 3 22 1 | P
RQ I < §
C4= v —{4 2t RQ h X1= =Rl |y
Dg |5 20lA2 !
oz S W-Tre | 19 |_STROBE !
Carrier Detect 1 <
ﬂmgMConsram > 7 m§429"] 18 | Al 1 m |
XTAL/Clock C1 =¥ C2
1 it Soo Inset| o 5294 17 0 : :E T
= XTAL Do » 9 16 |« D7 o _____ o
D1 5110 15
D2 |44 14 Component References
D3, 145 13 A.T“ Comm:nem Unit&alue
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\ 2 C4 1.0p
Microprocessor Data Interface 82 }Zg”
t t $ 1 3 3 ¢ 3 X1 4.032MHz
Do D1 D3 D4 D5 D6 D7 D8 Tolerances: ~ Resistors +10%
Capacitors +20%
Figure 3 - Recommended External Components

Carrier Detect Capacitor

The value of the Carrier Detect Capacitor, C,, determines the carrier detect time constant. A long time constant
(larger value C,) results in improved noise immunity but increased response time. C, may be varied to optimize noise
immunity/response time.

2 x 107 —
107 —
Ideal Coherent MSK MX429
- Characteristic Characteristic
[))
28 10°
LI
=L
<3S
mne
E ‘(a
8
'4-——
10 =
6
P
3—
24
10
|
8 1 2 5 4 6 6 7 b b fo o2 14 15 16
Signal to Noise Ratio (dB) [Bit-Rate Bandwidth]
(Linear Scale)
Figure 4 - Bit Error Rate vs Signal to Noise Ratio
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Timing Information

DATA READ (OUT OF MX429)
ADDRESS
AOATA2 > ! ><: tycs - Chip Select Access Time: 135ns max.
Ut i t,s - Address Set-up Time: Ons min.
L , R , ! ty - Address Hold Time: Ons min.
STROBE ' U S ! ¢ ' tomm - Output Hold Time: 15ns min., 105ns max.
[ — 1<— lolg—™"1 | .
v ' tsm - Strobe Time (Read): 140ns min.
DATA OUT ' < >
(READ) T )
DATA WRITE (INTO MX429)
ADDRESS T -
RORLAZ X'N_.. :<t_’:>C t,s - Address Set-up Time: Ons min.
E tas E oA ty, - Address Hold Time: Ons min.
STroEE H ! torw /i——— tys - Data Set-up Time: Ons min.
ot T T ! tsnw - Strobe Time (Write): 50ns min.
i o, toww - Data Hold Time (Write): 85ns min.
ety >< S
Figure 5 - Read and Write Timing Diagram

RX Operation

(a) RX - Where SYNC/SYNT is required after every message

RX ENABLE |

RX INPUT sNC[swe [ a1t [ae [asJae [asJas JorJca [ ¢ [smclal [a2 [as Jm

Cr e I T I I I i i T i T I T
pgp —nanAnnn._ nnm
R T N T O T T N B R

e 1 —

%U%HECKSUM ”.

READ RX :

DATA BUFFER ,L ,12 AL L ;Is L ct1 ctz 11 Arz AL

RX MESSAGE
FORMAT -—I
(b) - Where additional data will follow the initial address data, indicated by the state of the RX Message Format bit
RX ENABLE A L it L

Additional data words -
RX INPUT As[ as [ ct]ca] ot b2 [p3a]ps o5 o6 ot ]ca]or]

G ourur | U U U
o TN NNNNNnnnnn
22 R T T A

e ,,

RX CHECKSUM M n_

Bk I L LD DD T
A4 A5 A8 C1 C2 §D1 D2 D3 D4 D5 De Cc1 c2

RX_MESSAGE | ~
FORMAT RX Message Format is sampled at this point to decide
(a) whether the message is complete, or (b) more data follows

Figure 6 - Simplified RX Timing
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TX Operation

(a) TX - One message with checksum supplied by the host

TXENABLE | ] L

ourpur B Jpr Tre | [en] st [s2] a[Ae [As [aa]As | as] ot | ce A%

m oo T T T T T T Tan T
e [ I I I I
WRITE TO TX

DATA BUFFER st stz 11 Atz Ata Af4 Ats ,Ie CT1 (@2

READ STATUS REGISTER { A N S S N S N S S 1
X PARITY

ENABLE

TX IDLE I I

(b) TX - One message with checksum generated internally

TX ENABLE | L

ourrur &P [ P2 | |Pn|S1|32|A1|A2|A3]A4|A5|A6|C1lCZJ_L—{_IQ—) -----
RQ outPUT

oy | LM rere e L

WRITE TO TX

DATA BUFFER St St2 11 A12 ATL’y Att ATS /16

READ STATUS REGISTER T 1 T T f T T t t
TX PARITY I

ENABLE

TX IDLE I I

(c) TX - More than one message with checksum generated internally

TX ENABLE I

™ outpur B[ e [m ]| [m [ [s2 [ a2 [m] [ ]ci]cal st se]a]m|m|a]4s]s]ci]ce]s
]
o Uy ST
xoaa — L uUuUguUuruUryrL___uruyurururrurte—TI—
READY
WRITE TO TX tot ot ottt (AN S T SR W SO B |
DATA BUFFER St S2 Al A2 A3 A A5 A6 ST i S2 Al A2 A3 A4 A5 A6 SI
READ STATUS REGISTER t ottt ottt 1 T S N N N S 1
NABE I ;
e is | indicating that thi
L SYNC/%VNT word ?s on\gt tg Igeﬂ rr]\gluded lr? the
! next checksum.
mourpyr ]2 oioefoafoefosJosforJor |
Notes m |
RS T i i T e [
A - Addi Codi
g g 3
N . ‘
' 3 o I T o T T
H - Hang Bit
£ Eocto, REACY i
B MESRE L1
i im)| ¥
3 gf”i?‘eal T'f.sgertxﬁ'%f;'f o, g READ STATUS i R
ni U CCUrs
o ata P o Inlermipt oceu L A t
X oy \TX P; Enabl ins high, indicating that
ENABLE f mlmm“gda‘:rent‘gl}fe gh, indicating
‘ the checksum
Figure 7 - Simplified TX Timing TX IDLE 1
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MX429/MX529
Basic Power-up Software

[ Power Up J

Set up a 1 byte variable - initialize to zero
Msg Length)

Set up an 8 byte buffer
start address (RX Buffer)

Set up a 1 byte variable - initialize to zero
(TX Msg Sent)

Set up an 8 byte variable
start address (TX Buffer)

Write 04 to Control Register

- Wait at least 1 bit -

Write zeros to MX429 Control Register

Enable microprocessor interrupts

Receive ?

- or -
Transmit W Receive

Put message for transmission into
buffer (TX Buffer)

Write to Control Register
Bit 0 - TX Enable = 1
Bit 1 - TX Parity Enable = 0

Write to Control Register
Bit 2 - RX Enable = 1
Bit 3 - RX Message Format = 0

Wait 1 byte
(Specification requires a minimum of
two bytes preamble)

Write [TX Buffer {g}]
to
TX Data Buffer

|

(Return to Main ‘Program)

Figure 8 - Power-up Flow
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Basic Software Interrupt Flow

Read and Save
Status Register

Save state of SYNC Detect bit

1. Read RX Data Register
2. Clear RX Data Ready bit in
Buffered Status Register

Save state of SYNT Detect bit |
el

1. Read RX Data Register
2. Clear RX Data Ready bit in

Buffered Status Register

Yes TX Data
L Ready?,
IWrite to TX Data Buffer with [TX Buffer] {TX Msg Senﬂ {o
I
[Tx Msg Sent] = {TX Msg Sent + 1}
Write to Control Register
TX Parity = 1
Yes
Carrier SYNC
Detect? Detect?
No
1. Disable Receiver
2. Wait at least one bit-time
3. Re-enable Receiver
Yes
Carrier NT
Detect? Detect?
No

1. Disable Receiver
2. Wait at least one bit-time
3. Re-enable Receiver

1

Read RX Data Buffer and Store at
[RX Buffer] {RX Msg Len}

[FX Msg Len = RX Msg Len +1]

Yes

X
Idle?

lWrite to Control Register - TX Enable = 0

No

/Tirne(?

Yes

Note that Timer Interrupted—|

Figure 9 - Interrupt Flow

Return
from IRQ

Save state of
Checksum True bit

If error correcting is to
be done, Read and Save
Syndrome - High and Low

Write to Control
Register - RX Msg
Format = 1

No

Write to Control Register
RX Enable = 0

Page 26
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS OPERATING LIMITS
Exceeding the maximum rating can result in device All devices were measured under the following conditions
damage. Operation of the device outside the operating unless otherwise noted.
limits is not suggested.
V,=5.0V

Supply Voltage -0.3to7.0V
Input Voltage at any pin Tws=25°C

(ref V= 0V) -0.3VtoV,,+03V
Sink/Source Current Xtal/Clock fo = 4.032 MHz

(supply pins) +30mA

(other pins) +20mA Audio Level 0dB ref. = 300 mVrms
Total Device Dissipation

@T,,,=25C 800mW max.
Derating 10 mW/°C
Operating Temperature -40°C to +85°C
Storage Temperature -55°Cto +125°C

~ SeeNote Min.  Typ.  Max.  Unit
Static Values
Supply Voltage 45 - 55 \Y
Supply Current Ranges
RX & TX Enabled - 5.0 mA
RX Enabled, TX Disabled - 5.0 - mA
RX Disabled, TX Enabled - 5.0 - mA
RX & TX Disabled 10 - 1 - mA
Dynamic Values
Modem Internal Delay - 1.5 - ms
Interface Levels
Output Logic "1" Source Current 2 - - 120 A
Output Logic "0" Sink Current 3 - - 360 A
Three State Output Leakage Current - - 4.0 uA
D,- D, Data In/Out 1
Logic "1" Level 35 - - \
Logic "0" Level . - - 15 Vv
A, A, A,, STROBE, IRQ 4
Logic "1" Level 4.0 - - \'
Logic "0" Level - - 1.0 \Y%
Analoglmpedances
RX Input 100 - - kQ
TX Output (Enabled) - 10 - kQ
TX Output (Disabled) - 5 - MQ
On-Chip Xtal Oscillator
Ry 10 - - MQ
our 5 5.0 - 15 kQ

Oscillator Gain - 15 - dB
Xtal Frequency - 4.032 MHz
Timing (See Fig. 5)
Chip Select Access Time (t,.5) - - 135 ns
Address Hold Time (t,,)) 0 - - ns
Address Set-up Time (t,) 0 - - ns
Data Hold Time (Write) - (t,,,,) 85 - - ns
Data Set-up Time - (t,s) 0 - - ns
Output Hold Time (Read) - (t,,,3) 15 - 105 ns
Strobe Time (Read) - (t5) 140 - - ns
Strobe Time (Write) - (tg;,,) 50 - - ns

MX-COM, INC. Page 27



MX429/MX529

Receiver

Signal Input Levels 6 -9.0 -2.0 +10.5 dB
Bit Error Rate 7
@ 12 dB Signal/Noise Ratio - 7.0 - 10*
@ 20 dB Signal/Noise Ratio - 1.0 - 10
Synchronization @ 12 dB S/N Ratio 8
Probability of Bit 16 being correct - 99.5 - %
Carrier Detect Response Time 8 - 13.0 - ms
Transmitter
Output Level - 8.25 - dB
Output Level Variation -1.0 - +1.0 dB
Output Distortion - 3.0 5.0 %
3rd Harmonic Distortion - 2.0 3.0 %
Logic "1" Frequency 9 - 1200 - Hz
Logic "0" Frequency 9 - 1800 - Hz
Isochronous Distortion
1200-1800 Hz - 25 40 us
1800-1200 Hz - 20 40 us
Notes
1. With each data line loaded as C = 50 pf and R = 10 kQ.
2.V, =46V.
3.V, =04V,

4. Sink/Source currents < 0.1 mA.

5. Both Xtal and Xtal + 4 Outputs.

6. With 50 dB S/N ratio.

7. See Figure 3, Bit Error Rate.

8. This response time is measured using a 10101010101...01 pattern input signal at a level of 230 mVrms (-2.3 dB) with
no noise.

9. Dependent upon Xtal tolerance.

10. Powersave is only active when both RX and TX functions are disabled.

Checksum Generation and Checking

Generation - The checksum generator takes the 48 bits from the 6 bytes loaded into the TX Data Buffer and divides them
modulo-2, by the generating polynomial:

X154 X144 X134+ X'+ X4+ X2 +1
Itthen takes the 15-bit remainder from the polynomial divider, inverts the last bit and appends an EVEN parity bit generated
from the initial 48 bits and the 15 bit remainder (with the last bit inverted).

The 16-bit word is used as the "checksum."

Checking - The checksum generator does two things:
It takes the first 63 bits of a received message, inverts bit 63, and divides them modulo-2, by the generating polynomial:

X154 XM 4 X134 X1 4 X4 4+ X2+ 1
The 15 bits remaining in the polynomial divider are checked for all zero.
Second, itgenerates an EVEN parity bit from the first 63 bits of a received message and compares this bit with the received

parity bit (bit 64). If the 15 bits in the polynomial divider are all zero, and the two parity bits are equal, then the RX Checksum
True bit (SR D,) is set.
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MX439

MSK MODEM

FEATURES
1200 Baud MSK Modem
Meets Cellular & Trunked Radio Specifications
Full-Duplex 1200 Baud
On-Chip RX and TX Bandpass Filters
Clock Recovery and Carrier Detect
Pin Selectable Xtal/Clock Frequencies

APPLICATIONS
Mobile & Cellular Radio Data Signaling
Personal Radio
Portable Data Terminals
General Purpose Applications

DESCRIPTION

The MX439 is a single-chip CMOS LS circuit which
operates as a 1200 baud MSK modem. The mark and
space frequencies are 1200Hz and 1800Hz phase con-
tinuous, and the frequency transitions occur at the zero
crossing point. The transmitter and receiver will work
independently, thus providing full-duplex operation at 1200
baud. The baud rate, transmit mark and space frequen-
cies, and the TX and RX synchronization are all derived
from a highly stable Xtal oscillator. The on-chip oscillator
is capable of working at one of two input frequencies:

MX439J: 22 pin CDIP

AT MX439P: 22 pin PDIP

MX439DW
24-pin SOIC

MX439LH
24-pin PLCC

1.008MHz or 4.032MHz external Xtal/clock input. Fre-
quency is pin-selectable with the “Clock Rate” logic input.
The device includes circuitry for carrier detect and facility
for the RX clock recovery. An on-board switched capacitor
900Hz - 2100Hz bandpass filter provides optimum carrier
filtering. The use of switched capacitor analog filters and
digital signal processing results in excellent dynamic per-
formance with few external components; the CMOS pro-
cess and current-saving techniques offer low standby
supply current for portable battery-powered applications.

Vpp >
VBIAS —
Vgg =——m——>
CARRIER DETECT
XTALIGLOCK . == I TIME CONSTANT (t)
XTAL OSCILLATOR 5,
CLOCK RATE )
CARRIER C%_{ES;
] SIGNAL/NOISE
A D> COMPARATOR
NOISE FILTER  RECTIFIER RX SYNC
BANDPASS DIGITAL DATA CLOCKED RX DATA
OUTPUT ~<t+ PLL LATCH
RECTIFIE [} 3
RX_FILTER LIMITER M@I DATA
RX INPUT ~ DIGITAL
~ £ Il FILTER ~ 7 Seookeo
RX _El
(po\,\,'é‘&gl;&gr> MONOSTABLE FILTER LIMITER RX DATA
12 E%QELE R ] TX SYNC
e e B
TX DATA ~~ TX OUTPUT
TX GENERATOR  TX FILTER BUFFER
Figure 1 - Internal Block Diagram
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PIN FUNCTION TABLE

Pin Function
DW | J,P LH
1 1 1 Xtal/Clock: The input to an on-chip inverter for use with either a 1.008MHz or a

4.032MHz Xtal. Alternatively, an external clock may be used. Xtal frequency is
selectable on the “Clock Rate” input pin.

2 2 2 Xtal: Output of the on-chip inverter. (See Figure 2.)
3 3 3 TX Sync O/P: MSK signal centered at a DC level of V. - 0.7V. (See Figure 5.)
5 5 5 TX Signal O/P: With the transmitter disabled, this pin is set to a high impedance state.

When the transmitter is enabled, this pin outputs the 1200/1800Hz MSK signal centered

ata DC level of V. - 0.7 V. (See Figure 5.)

7 6 7 TX Data I/P: Serial logic data to be transmitted is input to this pin and synchronized by
the “TX Sync O/P.” (See Figure 5.)

8 7 8 TX Enable: A logic “1” applied to this input will put the transmitter into powersave while
forcing “TX Sync O/P” to a logic “1” and “TX Signal O/P” to a high impedance state. A
logic “0” will enable the transmitter (See Figure 5). This pin is internally pulled to V.

9 8 9 Bandpass O/P: This is the output of the RX 900Hz-2100Hz bandpass filter. The output
impedance of this pin is typically 10kQ and may require buffering prior to use.

10 9 10 RX Enable: This is the control of the RX function. The state of other outputs is given
below:

RX Enable RX Function Clock Data O/P Carrier Detect RX Sync Out
“q” Enabled Enabled Enabled Enabled
5(0!! POWersave uo!! uon “1” Or “01!

When both TX and RX functions are disabled, the bias voltage is switched internally to
Vg @nd Bias pin output impedance is approximately 12.5kQ2. When the Bias pin is
decoupled by a 1.0uF capacitor (C2) the MX439 may require up to 25ms to establish
correct operation after enabling the RX function. This period may be decreased by either
reducing the value of C2, lowering the Bias pin impedance externally, or adopting a

different powersaving strategy (such as using C2 and C5 and supplying V,, via a series
switch). This pin is internally pulled to V..

11 10 11 Bias: Provides bias internally and should be decoupled externally to V__ by capacitor
(C,). (See Fig. 2.)

12 11 12 V. Negative supply rail (GND).

13 12 13 Unclocked Data O/P: This pin outputs recovered asynchronous serial data from the
receiver.

14 13 14 Clocked Data O/P: This pin outputs recovered synchronous serial data from the receiver
and is internally latched out by a recovered clock appearing on the “RX Sync O/P” pin.
(See Figure 6.)

15 14 15 Carrier Detect O/P: This pin will output a logic “1” when an MSK signal is being received.

16 15 16 RX Signal I/P: This is the MSK signal input for the receiver. It should be decoupled using
capacitor C,.

18 17 18 RX Sync O/P: This is a flywheel 1200Hz squarewave output which, upon presentation
of the MSK data signal, is synchronized internally to the incoming data. (See Figure 6.)
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Pin Function
pw | J,P LH

21 19 21 Clock Rate: This logic input selects and allows the use of either a 1.008MHz or 4.032MHz
Xtal/clock input to the on-chip inverter. Logic “1” =4.032MHz; logic “0” = 1.008MHz. This
input has an internal pulldown resistor (1.008MHz).

22 20 22 Carrier Detect Time Constant (t): This input forms part of the carrier detect integration
function. The value of C, connected to this pin will affect the carrier detect response time
and hence noise performance. (See Figure 2, Note 3.)

24 22 24 V- Positive supply rail. A single 5 volt supply is required.

4,6,17 | 4,16, | 4,6,17
19,20 | 18,21 | 19,20, | No Connection.
23 23

Note: Output Loading. Large capacitive loads could cause the output pins of this device to oscillate. If capacitive
loads in excess of 200pF are unavoidable, a resistor of (typically) 100 put in series with the load should minimize
this effect.

X1 Voo
Il—\
" xTaclock, ¢~ 20| Y l
il XIAL {2 21| NC CE_TE
i TX SYNC |3 20| CARRIER DETECT Ti Q) =
Cl=¢= C7=
I I NIC |4 19| CLOCK RATE c4
= = XU |5 18]NIC 1
X DATA |6 MX439J 17| BX SYNC B
TX ENABLE | 7 16LNC
V; —
f BPF OUT |g 15 BX N 1.C3
L1}
6 RX ENABLE | o 14| CARRIER DETECT
T BIAS |40 13| CLOCKED DATA
e Y
o _L _I_ Vee {11 42| UNCLOCKED DATA
Component References Notes:
c t val 1. Bias may be decoupled to V, and V using C2 and C6 when input
omggnen ?!\%e signals are referenced to the bias pin. Forinput signals referencedto Vg,
ci 33p decouple Bias to V4 using C2 only.
8% é?ﬁ 2. Use C5 when input signals are referenced to V to decouple V..
C4 0.1 u 3. The value of C4 determines the carrier detect time constant. A longtime
C5 1.0n constant results in improved noise immunity but increased response time.
89 1339H C4 may be varied to trade-off response time for noise immunity.
X1 1 _ooelr\)/le 4. The value of C7 reduces XTAL voltage overshoot. Refer to MX-COM's
or 4.032 MHz Crystal Oscillator Application Note (see Appendix).
Tolerances: R = +10% 5. X1 can be either a 1.008 MHz or 4.032 MHz crystal, depending on the
C = +20% Clock Rate setting.
Figure 2 - External Component Connections
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DIAGRAMS
1 x 107 }
*Bit Rate Bandwidth
7
%6
1 x 10—
% \J P
BER. \ s, / /
1x 10° "y P, <
&
<, \ L /
G, —
1 x 10*
1 x 10°
50 100 150 200 250 300 500 700 800
Input Signal Level (mVrms)
Figure 3 - Typical Variation of “B.E.R.” with Input Signal Level

Voo Voo
MILLI- B at attenuator & MILLI-
ANMETER SKEiz BW norse. generator. AMIETER
SIGNAL CLOCKED
R [ w3508 S prpa] i oo
PREAMBLE: TRAMGMITTER BUFFER TELEPHONE RECEIVER [mx ERROR
DATA GENERRTOR e CIRCuIT smw%n :E%ﬁ% ) DETECTOR
oo . T T —
y—— " 3 N
TRUE RMS TRUE RMS CIZJAE,E‘r'éIgl’El
OSCILLOSCOPE VOLTMETER VOLTMETER OfP HIGH
DETECTOR
Figure 4 - MX439 Test Set-up
I — kB A
TXENAEE ! !
| |
| 1
—— t
| |
1 1
TX SYNC OP
TH [<2us MIN- SEE NOTE 2 ]
SEE NOTE 3 I ) 1
1
TX DATA I/P DC ﬂ DC | SEE NOTE 4
1
I
|
|
|
|
TX SIGNAL O/P _0 E_EN_(:}_“':IQJE —— _O_PE_N E‘ E(_:U_IT_.
NOTES:
1. All timings are related to the TX SYNC OUTPUT. 3. 2us min. + crystal tolerance.
2. 0.833ms for 1.008MHz or 4.032MHz Xtal. 4. DC = Don't Care. DV = Data Valid.
Figure 5 - Transmitter Timing Diagram
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MX439
SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS OPERATING LIMITS

Exceeding the maximum rating can result in device | All charactistics are measured using the standard test
damage. Operation of the device outside the operating | circuit (Figure 4) with the following test parameters and is

limits is not suggested. valid for all tests unless otherwise stated:
Supply Voltage _ -0.3to 7.0V V=45V
Input Voltage at any pin TDD = 05°C
(ref V.= 0V) -0.3VtoV__+03V AMB .
Sink/SofJSrce Current (Total) 20mA % Xial (X1) Frequency: 1.008MHz
Total Device Dissipation 0dB reference = 300 mVrms . .
B Noise (band limited 5kHz gaussian white noise)
@ Ty =25°C 800mW max. SNR ratio measured in bit rate bandwidth (1200Hz)
Derating 10 mW/°C
Operating Temperature -40°C to +85°C
Storage Temperature -55°C to +125°C
Characteristics -~~~ See Note.  Min.  Typ. S Unit
Static Values
Supply Volts 4.5 5.0 5.5 \Y
Supply Current:
RX Enabled, TX Disabled - 3.6 - mA
RX Enabled, TX Enabled - 4.5 - mA
RX Disabled, TX Disabled - 650 - uHA
Logic “1” level 80%V,, - - \
Logic “0” level - - - 20%V,, \
Digital Output Impedance - 4 - kQ
Analog and Digital Input Impedance 100 - - kQ
TX Output Impedance - 10 - kQ
On-Chip Crystal Oscillator:
R, 10 - - MQ
Ou‘ 5 - 15 kQ
Inverter Gain 10 - 20 dB
Gain Bandwidth Product 3x 108 - -
Crystal Frequency 1,9 - 1.008 - MHz
Crystal Frequency 1,10 - 4.032 - MHz
Dynamic Values
Receiver:
Signal Input: Dynamic Range (50dB SNR) 2,3 100 230 1000 mVrms
Bit Error Rate:
12dB SNR 3 - 7.0 - 10+
20dB SNR 3 - 1.0 - 108
Receiver Synchronization 12dB SNR:
Probability of Bit 8 being correct 99 - %
Probability of Bit 16 being correct 99.5 - %
Carrier Detect 4
Sensitivity 6,7 - - 125 mVrms
Probability of Carrier Detect being high:
12dB SNR after Bit 8 4.8 - 98 - %
12dB SNR after Bit 16 4,8 - 99.5 - %
0dB Noise (No Signal) 8 - 5 - %
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Transmitter Output
TX Output Level
Output Level Variation 1200/1800Hz
Output Distortion
3rd Harmonic Distortion
Logic “1” Carrier Frequency 5
Logic “0” Carrier Frequency 5
Isochronous Distortion
1200Hz - 1800Hz
1800Hz - 1200Hz

Notes:

. Crystal frequency, type and tolerance depends on system requirements.

1

2. See Figure 3.

3. SNR (Bit Rate Bandwidth).

4. See Figure 2, Note 3.

5. Depending on crystal tolerance.

6. 10101010101... pattern.

7. Measured with 100 mVrms signal (No noise).
8
9
1

. 0dB level for CD probability measurements is 230mVrms.

. Clock rate pin at logic “0.”
0. Clock rate pin at logic “1.”

LOGIC  LOGIC
11 0

RX
SIGNAL
INPUT

~

<
I (NOTE 1) ~~

1 1

RX SYNC
OUTPUT
(1200Hz) o

NOTE 4
1< -

(NOTE 3)

NOTES:
1. Internal delay typically 1.5ms.

3. Undetermined state: 2us max.
4. Min 800us, Max. 865s.

Figure 6 - Receiver Timing Diagram

2. From freely running to Sync in 8 data bits (See spec).

2 x 10’2-1

102

MX439

IDEAL
COHERENT MSK

10

BIT ERROR RATE (LOG. SCALE)

T 1T Trrrrrrrrrrrirrrri
012 3 456 7 8 10 11 12 13 14 15 16

© -

SNR (dB) BIT RATE BANDWIDTH (LINEAR SCALE)

Figure 7 - Receiver B.E.R. vs SNR
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Preliminary Information

MX469

1200 AND 2400 BPS MSK MODEM

Features
Selectable Data Rates: 7200 and 2400 bps
Full-Duplex MSK
RX and TX Bandpass Filters
Clock Recovery and Carrier Detect Cababilities
Pin Selected Xtal/Clock Inputs
1.008MHz or 4.032MHz
Radio and General Applications
e Data-Over-Radio ¢ PMR/Cellular Signaling
¢ Portable Data Terminals
¢ Personal/Cordless Telephone

MX469P/J
22-pin PDIP/CDIP

MX469DW
24-pin SOIC

MX469LH
24-pin PLCC

TX GENERATOR  TX FILTER

TX DATA I/P

TX SIGNAL OP

TX ENABLE

TX SYNC OP

CLOCK RATE

XTAL/CLOCK

XTAL
1200/2400 BPS SELECT

RX ENABLE RX FILTER LIMITER
R

RETRIGGERABLE
MONOSTABLE

BANDPASS O/P

DATA LIMITER
UNCLOCKED

FILTER

RX SIGNAL I/P

DIGITAL
FILTER

H H s DATA O/P

RECTIFIER

NOISE FILTER RECTIFIER

n ATA Back op

LATCH

DIGITAL

RX SYNC O/P

Bl

b COMPAHATOR i

CARRIER DETECT O/P

Figure 1 - Functional Block Diagram

CARRIER DETECT TIME CONSTANT

Description

The MX469 is a full-duplex pin-selectable 1200 or
2400 bps Minimum Shift Key (MSK) Modem for FM radio
links. The mark and space frequencies are 1200/1800
and 1200/2400Hz respectively. Tone frequencies are
phase continuous; transitions occur at the zero crossing
point.

Use of a common Xtal oscillator with a choice of two
clock frequencies (1.008MHz or 4.032MHz) provides
data-rate, transmit frequencies and RX/TX
synchronization. The transmitter and receiver operate
entirely independently including individual section
powersave functions.

The MX469 includes on-chip circuitry for Carrier

MX-COM, INC.

Detect and RX Clock Recovery, both of which are made
available at output pins.

RX, TX and Carrier Detect paths each contain a
bandpass filter to make sure you get the best quality
signal in the Modem and TX modulation circuitry.

The MX469 demonstrates a high sensitivity and good
bit-error-rate even under adverse signal conditions.

The carrier detect time constant is set by an external
capacitor, whose value should be arranged as required to
further enhance this product's performance in high-noise
environments.

This low-power device requires few external
components and is available in SOIC (small outline),
CDIP, PDIP and PLCC packages.
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Pin Function Table

Pin Number | Function

MX469
DW J/P LH

1 1 1 Xtal/Clock: The input to the on-chip inverter, for use with either a 1.008MHz or a
4.032MHz Xtal or external clock. Clock frequency selection is by the “Clock Rate”
input pin. The selection of this frequency will affect the operational Data Rate of this
device. Refer to 1200/2400 BPS Selection information on the next page. Operation of
any MXeCOM IC without a Xtal or clock input may cause device damage. To minimize
damage in the event of a Xtal/drive failure, it is recommended that a current limiting
device (resistor or fast-reaction fuse) in installed on the power supply (V).

2 2 2 Xtal: Output of the on-chip inverter.

3 3 3 TX Sync O/P: A squarewave, produced on-chip, to synchronize the input of logic data
and transmission of the MSK signal (See Figure 4).

5 5 5 TX Signal O/P: When the transmitter is enabled, this pin outputs the (140-step
pseudo sinewave) MSK signal (See Figure 4). With the transmitter disabled, this
output is set to a high-impedance state.

7 6 7 TX Data I/P: Serial logic data to be transmitted is input to this pin.

8 7 8 TX Enable: A logic ‘0’ will enable the transmitter (See Figure 4). A logic ‘1’ at this
input will put the transmitter into powersave while forcing “TX Sync Out” to a logic ‘1’
and “TX Signal Out” to a high-impedance state. This pin is internally pulled to V.

9 8 9 Bandpass O/P: The output of the RX Bandpass Filter. This output impedance is
typically 10k€2 and may require buffering prior to use.

10 9 10 RX Enable : The control of the RX function. The control of other outputs is given

below.
RX Enable = RX Function Clock Data O/P ' Carrier Detect Rx Sync Out'
“1” = Enabled Enabled Enabled Enabled
“0r -  Powersave 0 “gr “4” or 0

n 10 1 Vst The output of the on-chip analog bias circuitry. Held internally at V, /2, this pin

should be decoupled to V by a capacitor (C,). See Figure 2 and RX Enable notes.
This bias voltage is maintained under all powersave conditions.

12 1 12 V: Negative supply rail (GND).
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Pin Number |Function

MX469
Dw J/P LH

13 12 13 Unclocked Data O/P: The recovered asynchronous serial data output from the
receiver.

14 13 14 Clocked Data O/P: The recovered synchronous serial data output from the receiver.
Data is latched out by the recovered clock, available at the “RX Sync O/P”, (See Fig. 5). |.

15 14 15 Carrier Detect O/P: When an MSK signal is being received this output is a logic ‘1"

16 15 16 RX Signal I/P: The MSK signal input for the receiver. This input should be coupled via
a capacitor, C,.

18 17 18 RX Sync O/P: A flywheel squarewave output. This clock will synchronize to incoming
RX MSK data (See Figure 5).

19 16 19 1200/2400 BPS Select: A logic ‘1’ on this pin selects the 1200 bps option. Tone
frequencies are: one cycle of 1200Hz represents a logic ‘1°, one-and-a-half cycles of
1800Hz represents a logic ‘0’. A logic ‘0’ on this pin selects the 2400 bps option.
Tone frequencies are: one-half cycle of 1200Hz represents a logic ‘1’, one cycle of
2400Hz represents a logic ‘0. This pin has an internal 1MQ pullup resistor.

Operational Data Rate Configurations are illustrated in the table below.

Xtal/Clock Frequency 1.008MHz 4.032MHz

Clock Rate pin 0 0 1 1

1200/2400 Select pin 1 0 1 0

Data Rate (bps) 1200 2400 1200 2400
20 18 20 Internally connected, leave open circuit.

21 19 21 Clock Rate: A logic input to select and allow the use of either a 1.008MHz or
4.032MHz Xtal/clock. Logic ‘1’ = 4.032MHz, logic ‘0’ = 1.008MHz. This input has an
internal pulldown resistor (1.008MHz).

23 20 22 Carrier Detect Time Constant : Part of the carrier detect integration function. The
value of C, connected to this pin will affect the carrier detect response time and hence
noise performance (See Figure 2, Note 3).

24 22 24 V,,: Positive supply. A single 5-volt supply is required.

46, 4, 4,6,

17, 21 17, No internal connection, do not use.
22 23
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Application Information

XTAL/CLOCK Voo
R, N\ Voo
% X4 1 22
L, XTAL
= = " xemcor |2 S R
C, Ce 3 20 »-
CLOCK RATE J_C
i 191 I
1 _ TX SIGNAL OP 5 18 |— =
TXDATA VP | MX469J 47 |__Px svnc op R
Voo TX ENABLE - 16 ¢ 1200/2400 BPS SELECT
O _ BANDPASS O/P 8 15 RX SIGNAL /P Cs
: < Nl 1
Cs = RX ENABLE CARRIER DETECT O/P
; » 9 14 —>
5 Veias 10 13 CLOCKED DATA O/P
v UNCLOCKED DATA O/P
l = 11 12 >
1
Component Value Tolerance Notes ]
R, T OMD 10% 1. Vg may pe decpupled to Vg, and V using C, and
c 33pF +5% C, when input signals are referenced to the V¢
C; 1.0pF £20% pin. For input §ignals referenced to Vg, decouple
C, 0.1yF £20% Vs 10 Vg using C, only.
¢, 0.1uF *1 0:/0 2. The value of C, determines the Carrier Detect time
85 139(,)&':: ifsi//" constant. A long time constant results in improved
6 = ‘o . . . . .
X. 1.008MHz See noise immunity but increased response time. .C4
or ‘Clock-Rate’ may bg varied to trade-off response time for noise
4.032MHz Pin immunity.
3. C, reduces Xtal voltage overshoot. Refer to
MXeCOM Xtal Application Note (see Application
Figure 2 - External Components section).
VDD \?‘D
MILLI- MILLI-
AMMETER AMMETER
CLOCKED
DATA O/P
TX TX RX
DATA | SIGNAL SIGNAL | ¥
® or sa TELEPHONE | P
PREAMBLE & MX469 BUFFER CHANNEL MX469 S\%c
PSEUDO-RANDOM TRANSMITTER (NTERFACE) SIMULATOR RECEIVER . ERROR
DATA (components CIRCUIT (with (components DETECTOR
GENERATOR as Fig. 2) 5kHz BW noise gen) as Fig. 2)
T T =
Tx SYNC v v
TRUE RMS TRUE RMS = CARRIER CARRIER
OSCILLOSCOPE VOLTMETER VOLTMETER DETECT ;Erﬁg‘
DETECTOR
Figure 3 - Suggested MX469 Test Set-Up
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Application Information ......

—» ateser
X
ENABLE
TX
SYNC
> e tpy :
toser—»! e +— typp —>€— tpp —

TX DATA DC = Don't Cgre
DV = Data Valid

OPEN CIRCUIT

OPEN CIRCUIT
1200 BPS i N e N N
TX OUTPUT
2400 BPS OPEN CIRCUIT 7 ! OPEN CIRCUIT
TX OUTPUT
Figure 4 - Transmitter Timing
Characteristics Note Min. Typ. Max. Unit
TX Delay, Signal to Disable Time teser 2.0 - 800 s
Data Set-Up Time toser 1 2.0 - - us
Data Hold Time ton 2.0 - - us
TX Delay to O/P Time tho - 1.2 - us
TX Data Rate Period ton - 833 - us
RX Data Rate Period toom 800 - 865 us
Undetermined State - - 2.0 us
Internal RX Delay to - 1.5 - ms

1. Consider the Xtal/Clock tolerance.
2. All TX timings are related to the TX Sync Output.

RX
SIGNAL /P
2400 BPS

LOGIC "1 ; LOGIC 0’

RX H
SIGNAL P
1200 BPS

RX

SYNC O/P
(1200Hz)

0

4* tror ——P b e Uogened

1
CLOCKED B
DATA OIP LOGIC 1

0

Figure 5 - RX Timing Diagram
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Application Information ......

1 x 107

* BIT RATE BANDWIDTH

1 x10%

-
P

x 107

\
\\

BIT ERROR RATE

1x10*

1x10% ~. =

50 100 150 200 250 300 500 700 800
INPUT SIGNAL LEVEL (mVrms)

Figure 6 - Typical Variation of Bit Error Rate with Input Level

2 x 102 IDEAL COHERENT MSK MX469
102 —]

)
[o]
(&}
(2]
(o]
ke
w 10°
|_
g |
o
i
o
o
o
11}
= -4
om 8 E

6 1

4]

2]

10
T I I T T I I T I I T T I T T I T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SNR (dB) BIT RATE BANDWIDTH (lin scale)
Figure 7 - RX Bit-Error-Rate vs Signal-to-Noise Ratio
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Specifications

Absolute Maximum Ratings
Exceeding the maximum rating can result in device
damage. Operation of the device outside the operating

limits is not suggested.

Supply Voltage

Input Voltage at any pin
(ref Vg ,=0V)

Sink/Source Current

-0.3 to 7.0V

-0.3 10 (Vp+ 0.3V)

MX469

Operating Limits
All devices were measured under the following
conditions unless otherwise noted.

V,, = 5.0V
Ty = 25°C

Audio Level 0dB ref = 300 mVrms

(supply pins) +30mA
(other pins) +20mA _
Total Device Dissipation Xtal/Clack = 4.032 MHz
Dera(ti(arngAMBzzscc) ?gor:]nvv\y/o'gax' Signal-.to-Noise Ratio measured in the Bit-Rate
Operating Temperature -40°C to +85°C Bandwidth (1200 bps BRB = 1200 Hz
Storage Temperature -55°C to +125°C 2400 bps BRB = 2400 Hz)

Static Values

Supply Voltage 4.5 5.0 55 \'
Supply Current RX Enabled, TX Disabled - 3.6 - mA
RX and TX Enabled - 4.5 - mA
RX and TX Disabled - 650 - pA
Logic ‘1* Level 1 4.0 - - \Y
Logic ‘0’ Level 1 - - 1.0 \Y
Digital Output Impedance - 4.0 - kQ
Analog and Digital Input Impedance 100 - - kQ
TX Output Impedance - 10.0 - kQ
On-Chip Xtal Oscillator
Ry 10.0 - - MQ
Rour - 10.0 - kQ
Inverter d.c. Voltage Gain - 10.0 - VIV
Gain Bandwidth Product - 10.0 - MHz
Xtal Frequency 2 - 1.008 or 4.032 - MHz
Dynamic Values
Receiver
Signal Input Dynamic Range SNR = 50dB 3,4 100 230 1000 mVrms
Bit Error Rate SNR = 12dB 4 - 7.0 - 10*
SNR = 20dB 4 - 1.0 - 10°%
Receiver Synchronization SNR =12dB 7
Probability of Bit 8 Being Correct - 99 - %
Probability of Bit 16 Being Correct - 99.5 - %
Carrier Detect 5
Sensitivity 7,8 - - 150 mVrms
Probabilty of C.D. Being High
After Bit 8 (1200 bps) SNR = 12dB 59 - 98 - %
After Bit 16 SNR = 12dB 59 - 99.5 - %
0dB Noise No Signal 9 - 5 - %
MX-COM, INC. Page 41



MX469

Transmitter Output

TX Output Level - 775 - mVrms
Output Level Variation
1200/1800Hz or 1200/2400Hz 0 - +1.0 dB
Output Distortion - 3.0 5.0 %
3rd Harmonic Distortion - 2.0 3.0 %
Logic ‘1’ Carrier Frequency 1200 bps 6 - 1200 - Hz
2400 bps 6 - 1200 - Hz
Logic ‘0’ Carrier Frequency 1200 bps 6 - 1800 - Hz
2400 bps 6 - 2400 - Hz

Isochronous Distortion

1200Hz - 1800Hz/1200Hz - 2400Hz - 25.0 40.0 s
1800Hz - 1200H2/2400Hz - 1200Hz - 20.0 40.0 us
Notes 1. With reference to V, = 5.0 volts.

1

2. Xtal frequency (ref. Clock Rate pin), type and tolerance depends upon system requirements.
3. See Figure 5 (variation of BER with Input Signal Level).

4. SNR = Signal-to-Noise in the Bit-Rate Bandwidth.

5. See Figure 2.

6. Dependent upon Xtal tolerance.

7. 10101010101 ...01 pattern.

8. Measured with a 150mVrms input signal (no noise).

9 Reference (0dB) level for C.D. probability measurements is 230mVrms.
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Preliminary Information

MX589

LOW VOLTAGE, HIGH SPEED GMSK MODEM
4 kbps to 40 kbps

FEATURES
¢ MXsCOM MX'D SIGNAL CMOS
¢ FULL- OR HALF-DUPLEX OPERATION
* DATA RATES FROM 4KBPS TO 40KBPS
e SELECTABLE BT: 0.3 OR 0.5
* LOW VOLTAGE OPERATION
3TO55V
* LOW POWER USAGE
¢ LOW PIN COUNT
* MEETS RCR STD-18 (JAPAN)

Description

The MX589 is a single-chip synchronous Modem
designed for wireless data applications. Employing
Gaussian Minimum Shift Keying (GMSK) baseband
modulation, the MX589 features a wide range of available

data rates: 4,000 to 40,000 bits per second.
The data rate and choice of BT (0.3 or 0.5) are pin-

APPLICATIONS

* PORTABLE WIRELESS DATA
- CELLULAR DIGITAL PACKET DATA (CDPD)
- MOBITEX* MOBILE DATA SYSTEM

* DATA FOR GPS/DIFFERENTIAL GPS

* WIRELESS BAR CODE READERS

* WIRELESS LANS

MX589DW

MX589J
24 pin CDIP 24 pin SOIC

The MX589 features a mixed signal CMOS process
that offers considerably lower current drain than DSP
technology. For data rates up to 20kbps, drain is typically
1.5mA at 3V, and for data rates up to 40kbps at 5V, it is
typically 4.0mA.

The MX589 is available in 24-pin SOIC and CDIP

programmable to provide for different system packages.
requirements.
The TX and RX digital data TX ENABLE ‘ y
interfaces are bit serial, | Txes Vous ”S
slynchronlzed to T;( ar;\d RXdata | _ oaa DATA EETIME ™ > oUT
clocks generated by the modem. OAL/GLOGK LEVEL SHIFT FILTER
Separate TX and RX Powersave — 3 TX GLK
inputs allow full or half-duplex STAT L —_— "
operation. RX input levels canbe | &,50a clock |, | RX DATA RX DATA
set by a suitable a.c. and d.c. level cwove _7 DIVIDER | EXTRACT
adjusting circuit built with external >
components around an on-chip | &F——» oX SN ax SN
RX input amplifier. Yo DETECTION >
Acquisition, lock and hold of Axrioi T
RX data signals is made easier PLLacq RX AX CLK
Pltacqg ] N
and faster by the use of RX Control RXDCacq C%'i}?g& F&%E&K >
Inputs to clamp, detectand/or hold v
inputdata levelsand canbe setby | =2—» | == -
the pProcessor as required. RX_SIGNAL IN R F"f‘TXER LEVEL v
The RX S/N output gives an | . recosack MEASURE =
indication of the quality of the N DOC‘T TDOC2
received signal. Figure 1 - Functional Block Diagram
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* MOBITEX is a registered trademark of Swedish Telecom.
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MX589

1 Xtal: The output of the on-chip clock oscillator.

2 Xtal/Clock: The input to the on-chip Xtal oscillator. A Xtal, or externally derived clock (f,., )
pulse input should be connected here. If an externally generated clock is to be used, it should be
connected to this pin and the “Xtal” pin left unconnected. Note that operation of the MX589

without a suitable Xtal or clock input may cause device damage.

CIkDivA: These two logic level inputs control the internal clock divider and hence the transmit
CIkDivB: and receive data rate. See Table 1.

&

RX Hold: A logic “0” applied to this input will freeze’ the Clock Extraction and Level
Measurement circuits unless they are in ‘acquire’ mode.

6 RXDCacq: A logic “1” applied to this input will set the RX Level Measurement circuitry to the
‘acquire’ mode.

7 PLLacq: A logic “1” applied to this input will set the RX Clock Extraction circuitry to ‘acquire’
mode (see Table 2).

8 RX PSAVE: A logic “1” applied to this input will powersave all receive circuits except for RX CLK
output (which will continue at the set bit-rate) and cause the RX Data and RX S/N outputs to go to
a logic “0”.

9 Vys: The internal circuitry bias line, held at V, /2, this pin must be decoupled to V4 by a

capacitor mounted close to the pin.
10 RX FB: The output of the RX Input Amplifier/The input to the RX Filter.
11 RX Signal In: The input to RX input amplifier.

12 Vs Negative supply rail. Signal ground.
13 Doci: Connections to the RX Level Measurement Circuitry. A capacitor should be
14 Doc2: connected from each pin to V.

15 BT: A logic level to select the modem BT (the ratio of the TX Filter's -3dB frequency to the Bit-
Rate). A logic “1” sets the modem to a BT of 0.5, a logic “0” to a BT of 0.3.

16 TX Out: The TX signal output from the MX589 GMSK Modem.

17 TX Enable: A logic “1” applied to this input enables the transmit data path through the TX Filter
to the TX Out pin. A logic “0” will put the TX Out pin to V_ . via a high impedance.

BIAS

18 TX PSAVE: A logic “1” applied to this input will powersave all transmit circuits except for the TX

Clock.

19 TX Data: The logic level input for the data to be transmitted. This data should be synchronous
with TX CLK.

20 RX Data: A logic level output carrying the received data, synchronous with RX CLK.

21 RX CLK: A logic level clock output at the received data bit-rate.

22 TX CLK: A logic level clock output at the transmit-data rate.

23 RX S/N: A logic level output which may be used as an indication of the quality of the received
signal.

24 V,,: Positive supply rail. A single +5 volt power supply is required. Levels and voltages within

this modem are dependent upon this supply. This pin should be decoupled to V4 by a capacitor
mounted close to the pin.
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Component Value Tolerance Component Value Tolerance

R, Note 1 +5% C, Note 5
R, 1.0MQ +10% C, 0.1uF +20%
R, Note 2 +10% C, 1.0uF +20%
R, 100kQ +10% C, 22.0pF +20%
C, Note 1 +10% C, Note 4
C, Note 5 C, Note 4

X Note 3

Figure 2 - External Components

Notes
Note that in all cases the value of R, should not be
1. The RC network formed by R, and C, is required less than 20.0 kQ, and that the calculated value of
between the TX Out pin and the input to the C, includes calculated parasitic capacitances.

modulator. This network, which can form part of
any d.c. level shifting and gain adjustment circuitry, 2. R,, R, and C, form the gain components for the RX

forms an important part of the transmit signal Input signal. R, should be chosen as required by
filtering. The ground connection to the capacitor C, the signal input level.
should be positioned to give maximum attenuation
of high-frequency noise into the modulator. 3. The MX589 can operate correctly with Xtal/Clock
The component values should be chosen so frequencies between 1.0MHz and 6.5MHz (see
that the product of the resistance (Ohms) and the Table 1). Operation of this device without a Xtal or
capacitance (Farads) is: Clock input may cause device damage.
BT of 0.3 = 0.34/bit rate (bits/second)
BT of 0.5 = 0.22/bit rate (bits/second) 4. C, and C, should both be 15.0nF for a data rate of
with suitable values for common bit rates being: 8kbps, and inversely proportional to the data rate
R, C, for other data rates, e.g. 30.0nF at 4kbps, 3.0nF at
8000 bps BT=03  91.0kQ 470pF 40kbps.
4800 bps BT =05 100kQ  470pF
9600 bps BT =05 47.0kQ  470pF 5. The values chosen for C, and C,, including strays,
19,200 bps BT =05 22.0kQ 470pF should be suitable for the frequency of X1 and the
32,000 bps BT =03  47.0kQ 220pF supply voltage: .
32,000 bps BT =05 47.0kQ  150pF 5V C,=C,=33pF at 1MHz falling to 18pF at 6.5MHz
38,400 bps BT = 0.3 47.0kQ  180pF 3V C,=C, = 33pF at 1MHz falling to 18pF at 5MHz
38,400 bps BT =05 47.0kQ  120pF The ESR of X1 should be less than 2kQ at 1 MHz

falling to 150Q at the maximum frequency.
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TXC[¢—— X Clock  gMSK MODEM

Figure 3 - External Signal Paths

Clock Oscillator and Dividers

The TX and (nominal) RX data rates are determined
by division of the frequency present at the Xtal pin, which
may be generated by the on-chip Xtal oscillator or
derived from an external source. Any Xtal/clock
frequency in the range 1.0 to 5.0 MHz for V,=3.0V, or
1.0 to 6.5 MHz for V,=5.0V may be used, depending on
the desired data rate.

The division ratio is controlled by the logic level inputs
on CIkDivA/B (pins 3 & 4), and is shown in the table below
- together with an indication of how various ‘standard’
data rates may be derived from common pP Xtal
frequencies.

Xtal/clock Frequency

Division Ratio (Clk DivA/B)

Data Rate =

Pin 3 Pin 4 Division Ratio XtalClock Frequency (MHz)
4.096 4.9152 2.048 2.4576
0 0 128 32kbps 38.4kbps 16 kbps 19.2 kbps
0 1 256 16 kbps 19.2 kbps 8 kbps 9.6 kbps
1 0 512 8 kbps 9.6 kbps 4 kbps 4.8 kbps
1 1 1024 4 kbps 4.8 kbps - -
Table 1 - Xtal/Clock Frequencies and Corresponding Data Rates
Settings: D/Rate 4800 bps, BT 0.5, RX & TX Enabled
4.9152MHz l—l e
»| Xtal/Clock
Lo <9 Xial X Enable +5V
RXD |« RX Data ~ Ck DVA
Serial | RXC |« RX Clock ~ Ck DivB
/O Port| 1xp »| X Data RX_I—IOIIBdT
< TX Clock
e O RXSN Det —»
TX PS
/0 Port t: PLL Acq RX PS 1
RX DC Acq —
uController MX589 MODEM
Figure 4 - Minimum pController System Connections
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RX Clock Extraction

The ‘RX Clock Extraction’ circuit is based on a zero
crossing tracking loop which uses a multimode or
multiresolution digital PLL. The lowest timing resolution
option (Acquire mode) allows for fast initial phase
acquisition. At most 8 zero crossings are required for
initial acquisition. The loop can be programmed to
operate in this mode using the RX Hold and the PLLacq
pins (see Table 2).

The highest timing resolution, which is 1/64 bit-
period, is obtained when the PLL is inits track mode. This
mode of operation yields the least amount of phase jitter,
which is desirable to limit the associated BER
performance degradation. The loop can be set up to
operate in this mode as shown in Table 2.

The loop also has a medium resolution (i.e. medium
bandwidth) which is activated only when the MX589
controls are such that the PLL is switching from its
acquire to its track mode. In such cases the medium
setting is used automatically for a limited time (30 bits)
after which the loop goes into its track mode. The
medium bandwidth setting offers a compromise between
fast acquisition and low jitter requirements.

The PLL can also be placed in a HOLD mode, where
the RX Clock phase corrections are completely stopped.
This mode of operation can be selected as shown in
Table 2.

RX DC Level Measurement
The MX589 provides three user-programmable
modes of operation for DC level measurement:

1) Fast Peak Detect - the detectors rapidly capture
the positive and negative going signal peaks
(more susceptible to noise).

2) Averaging Peak Detect - gives a slower but

more accurate measurement of the signal peak
amplitudes.

3) Hold - the outputs of the voltage detectors
remain essentially at the last reading.

A fourth “Clamp” mode operates for one bit-time
after a LO to HI transition of the

circuit. This threshold is adapted from bit to bit to
compensate for intersymbol interference caused by the
bandlimiting of the overall transmission path and the
Gaussian premodulation filter.

Extracted data is output from the ‘RX Data’ pin, and
should be sampled externally on the rising edge of the
‘RX CLK.

RX Data Formats

The receive section of the MX589 works best with
data which has a reasonably ‘random’ structure --the
data should contain approximately the same number of
‘ones’ as ‘zeroes’ with no long sequences (>100 bits) of
consecutive ‘ones’ or ‘zeroes’. Also, long sequences
(>100 bits) of ‘10101010 ...’ patterns should be avoided.

For this reason, it is recommended that data is made
random in some manner before transmission, for example
by ‘exclusive-ORing’ it with the output of a binary pseudo-
random pattern generator.

Where data is transmitted in bursts, each burst should
be preceded by a preamble designed to allow the receive
modem to establish timing and level lock as quickly as
possible. This preamble for BT=0.3 should be at least 16
bits long, and should preferably consist of alternating pairs
of ‘I’s and ‘0’s i.e. ‘110011001100 .....’; the eye of pattern
10101010...." has the most gradual slope and will yield poor
peak levels for the RX circuits. For BT=0.5 the eye pattern
of “10101010...” has reduced intersymbol interference and
may be used as the preamble (DC Acq pin should be held
high during preamble). See Fig. 10.

RX S/N Detection

The ‘RX S/N Detector’ system classifies the
incoming zero-crossings as GOOD or BAD depending
upon the time when each crossing actually occurs with
respect to its expected time as determined by the Clock
Extraction PLL. This information is then processed to
provide a logic level output at the ‘RX S/N’ pin. A high
level indicates a series of GOOD crossings; a low level
indicates a BAD crossing.

By averaging this output it is possible to derive a
measure of the Signal-to-Noise-Ratio and hence the Bit-
Error-Rate of the received signal (see Fig. 5).

RXDCacq input. 100, % High Time \ p—
These modes of operation can be % BH}?
selected, one at a time, by applying the jg _ L —
appropriate Iogi_c levels to the RX Hold " - . __—T BT =03
and RXDCacq inputs (see Table 2). s -
RX Data Extraction 23 —
The ‘RX Data Extraction’ circuit | oo
decides whether each received bitis a | 10
“1” or “0” by sampling the received | o
signal, after filtering, and comparing the 5 6 7 8 9 10 ! ‘25 N ¢ dé;
sample values to an adaptive threshold
derived from the ‘Level Measuring’ | Figure 5 - Typical Rx S/N Output ‘High-Time’ (%) vs Input S/N
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RX Signal Path Description
The function of the RX circuitry is to:
1. Set the incoming signal to a usable level.
2. Clean the signal by filtering.
3. Provide DC level thresholds for clock and data
extraction.
4. Provide clock timing information for data extraction
and external circuits.
5. Provide RX data in a binary form.
6. Assess signal quality and provide Signal-to-Noise
information.

The output of the radio receiver's Frequency
Discriminator should be fed to the MX589's RX Filter by
a suitable gain and DC level adjusting circuit. This circuit
can be built with external components around the on-chip
RX Input Amplifier. The gain should be set so that the
signal level at the RX Feedback pin is nominally 1V peak
to peak (for V,,=5.0V) centered around V,,  when
receiving a continuous “1111000011110000..” data pattern.

MX589

Positive going signal excursions at RX Feedback pin
will produce a logic “0” at the RX Data Output. Negative
going excursions will produce a logic “1.”

The received signal is fed through the lowpass RX
Filter, which has a -3dB corner frequency of 0.56 times
the data bit-rate, before being applied to the Level
Measure and Clock and Data extraction blocks.

The Level Measuring block consists of two voltage
detectors, one of which measures the amplitude of the
‘positive’ parts of the received signal. The other
measures the amplitude of the ‘negative’ portions.
(Positive refers to signal levels higher than V /2, and
negative to levels lower than V/2.)

External capacitors are used by these detectors, via
the Doc1 & Doc2 pins, to form voltage ‘hold’ or ‘integrator’
circuits. These two levels are then used to establish the
optimum DC level decision-thresholds for the Clock and
Data extraction, depending upon the RX signal
amplitude and any DC offset.

RX Circuit Control Modes

The RX Circuit blocks are controlled by externally applied logic levels to the PLLacg, RX Hold and RXDCacq pins
(see Table 2). Table 2 shows control signals, the functions they control and their modes of operation.

e e

" Hold

LO LO LO Hold

LO LO HI Hold Acquire

HI LO LO Averaging Peak Detect Track

HI LO HI Averaging Peak Detect Acquire

X LO to HI X Clamp X

HI HI HI Fast Peak Detect Acquire

LO HI LO Fast Peak Detect Hold

HI LO HI to LO Averaging Peak Detect Medium Bandwidth

HI HI LO Fast Peak Detect mode Track X=Don't Care

PLL Acquire: Sets the PLL bandwidth wide enough to allow a lock to the received signal in less than 8 zero crossings. The
Acquire mode will operate as long as PLLacq is a logic “1”.

PLL Medium Bandwidth: The correction applied to the extracted clock is limited to a maximum of +1/16th bit-period for
every two received zero-crossings. The PLL operates in this mode for a period of about 30 bits immediately following a “1”
to “0” transition of the PLLacq input, provided that the RX Hold input is a logic “1”.

PLL Track Mode (Narrow Bandwidth): The correction applied to the extracted clock is limited to a maximum of +1/64th
bit-period for every two received zero-crossings. The PLL operates in this mode whenever the RX Hold Input is a logic “1”
and PLLacq has been a logic “0” for at least 30 bit periods (after Medium Bandwidth operation for instance).

PLL Hold: The PLL feedback loop is broken, allowing the RX Clock to freewheel during signal fade periods.

RX Level Measurement Clamp: Operates for one bit-time after a “0” to “1” transition of the RXDCacq input. The external
capacitors are rapidly charged towards a voltage mid-way between the received signal input level and V., with the charge
time-constant being of the order of 0.5bit-time.

RX Level Measurement Fast Peak Detect: The voltage detectors act as peak-detectors, one capacitor is used to capture
the ‘positive’-going signal peaks of the RX Filter output signal and the other capturing the ‘negative’-going peaks. The
detectors operate in this mode whenever the RXDCacq input is at a logic “1,” except for the initial 1-bit Clamp-mode time.
RX Level Measurement Averaging Peak Detect: Provides a slower but more accurate measurement of the signal peak
amplitudes.

RX Level Measurement Hold: The capacitor charging circuits are disabled so that the outputs of the voltage detectors
remain substantially at the last readings (discharging very slowly [time-constant approx. 2,000 bits] towards V).

Table 2 - RX Circuit Controls
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RX Circuit Control Sequence

As shown in Figure 6, a data transmission generally
begins with a preamble of, for example,
“1100110011001100,” to allow the receive modem to
establish timing- and level- lock as quickly as possible.
During the time that the preamble is expected, the
RXDCacq and PLLacq inputs should be switched from a
logic “0 to 1” so that the Level Measuring and Clock
Extraction modes are operated and sequenced as
shown.

The RX Hold input should normally be held at a logic
“1” while data is being received, but may be driven to a
logic “0” to freeze the Level Measuring and Clock

MX589

Extraction circuits during a fade. If the fade lasts for less
than 200 bit periods, normal operation can be resumed
by returning the RX Hold input to a logic “1” at the end of
the fade. For longer fades, it may be better to reset the
Level Measuring circuits by placing the RXDCacq to a
logic “1” for 10 to 20 bit periods.

RX Hold has no effect on the Level Measuring
circuits while RXDCacqis at a logic “1,” and has no effect
on the PLL while PLLacq is at a logic “1.”

A logic “0” on RX Hold does not disable the RX Clock
output, and the RX Data Extraction and S/N Detector
circuits will continue to operate.

. PREAMBLE DATA
s ] — Rx signal
Carrier Det.
— I RXDC Acquire
/4——><' e e s > Level Measuring
CLAMP FAST PEAK AVERAGING Circuit Mode
DETECT PEAK DET.
1 l . PLL Acq.
‘ﬁ >« %0 bits o el » Clock Extraction
ACQUIRE MEDIUM BW NARROW BW Circuit Mode
Figure 6 - RX Mode Control Diagram
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TX Signal Path Description

The binary data applied to the ‘TX Data’ input is
retimed within the chip on each rising edge of the ‘TX
Clock’ and then converted to a 1-volt peak-to-peak binary
signal centered about V. (for V= 5.0V)

If the ‘TX Enable’ input is ‘high,” then this internal
binary signal will be connected to the input of the lowpass
TX Filter, and the output of the filter connected to the ‘TX
Out’ pin.

Note that an external RC network is required
between the ‘TX Out’ pin and the input to the Frequency
Modulator (see Figures 2 and 3). This network, which can
form part of any d.c. level shifting and gain adjustment
circuitry, forms an important part of the transmit signal
filtering. The ground connection to capacitor C, should be
positioned to give maximum attenuation of high-
frequency noise into the modulator.

The component values should be chosen so that the
product of the resistance () and the capacitance
(Farads) is:

BT of 0.3 = 0.34/bit rate (bits/second)

TX Enable TX Filter Input TX Out Pin BT of 0.5 = 0.22/bit rate (bits/second)
1’ (high) 1 volt p-p Data In Filtered Data with the following suitable values for common bit rates:
“0” (low) Vans Vs Via 500kQ Data Rate BT R (o]
8000 bps 0.3 91.0kQ 470pF
A ‘low’ input to the ‘TX Enable’ will connect the input 4800 bps 0.5 100kQ 470pF
of the TX Filter to V,,;, and disconnect the “TX Out’ pin 9600 bps 0.5 47.0kQ  470pF
from the filter, connecting itinstead to V, ,; through a high 19,200 bps 0.5 22.0kQ  470pF
resistance (nominally 500kQ). 32,000 bps 0.3 47.0kQ  220pF
The TX Filter has a lowpass frequency response, 32,000 bps 0.5 47.0kQ  150pF
which is approximately gaussian in shape as shown in 38,400 bps 0.3 47.0kQ  180pF
Figure 9, to minimize amplitude and phase distortion of 38,400 bps 0.5 47.0kQ  120pF

the binary signal while providing sufficient attenuation of
the high frequency-components which would otherwise
cause interference into adjacent radio channels. The
actual filter bandwidth to be used in any particular
application will be determined by the overall system
requirements. The attenuation-vs-frequency response
of the transmit filtering provided by the MX589 have been
designed to meet the specifications for most GMSK
modem systems, having a -3dB bandwidth switchable
between 0.3 and 0.5 times the data bit-rate (BT).

The signal at ‘TX Out’ is centered around V., going
positive for logic “1” (high) level inputs to the ‘TX Data’
input and negative for logic “0” (low) inputs.

When the transmit circuits are put into a ‘powersave’
mode (by a logic “1” to the “TX PS’ pin) the output voltage
of the TX Filter will go to V.. When power is
subsequently restored to the TX Filter, its output will take
several bit-times to settle. The ‘TX Enable’ input can be
used to prevent these abnormal voltages from appearing
at the ‘TX Out’ pin.

[«—— 1 BT PERIOD

TX DATA SAMPLED BY

THE MX589 AT THESE
INSTANCES

+‘ ﬁ 1.0us Min.

—

Ty

X CLK fl; | f‘i
"1 l“l.Op.s Min.

TX CLOCK AND RX CLOCK OUTPUTS
(MARK/SPACE) DUTY CYCLE NOMINALLY 50%.

DATA MUST
BE VALID

[ ]

DON'T CARE

.

_»1 F—].Ops Max. _>| I"POHS Mo, DATA INVALID DATA VALID
RX CLK f\ I
EXTERNAL CIRCUITS SHOULD
SAMPIF RX DATA AT THIS TIMF
Figure 8 - RX and TX Clock Data Timings
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Radio Channel Requirements

To achieve legal adjacent channel performance at high bit-rates, a radio with an accurate carrier frequency

and an accurate modulation index is required.

For optimum channel utilization, (eg. low BER and high data-rates) attention must be paid to the phase and
frequency response of both the IF and baseband circuitry.

Bitrate, BT and Bandwidth

The maximum data rate that can be transmitted over a
radio channel depends on the following:

- Channel spacing

- Allowable adjacent channel interference

- TX filter bandwidth

- Peak carrier deviation (Modulation Index)

- TX and RX carrier frequency accuracies

- Modulator and Demodulator linearity

- RX IF filter frequency and phase characteristics
- Use of error correction techniques

- Acceptable error-rate

As a guide to MOBITEX operation, a raw data-rate of
8kbps at 12.5kHz channel spacing may be achievable -
depending on local regulatory requirements- using a
+2kHz maximum deviation, a BT of 0.3, and no more
than 1.5kHz discrepancy between TX & RX carrier
frequencies.

Forward error correction (FEC) could then be used
with interleaving to reduce the effect of burst errors.

Reducing the data-rate to 4,800bps would allow the
BT to be increased to 0.5, improving the error-rate
performance.

For CDPD operation, a raw data-rate of 19.2kbps at
30kHz channel spacing may be utilized with a +8kHz
maximum deviation, a BT of 0.5, and no more than 3kHz
discrepancy between TX & RX carrier frequencies.

The above values should be used as a guide only.
Regulatory compliance of a design should be verified.

FM Modulator, Demodulator and IF

For optimum performance, the ‘eye’ pattern of the
received signal (when receiving random data) applied to
the MX589 should be as close as possible to the Transmit
‘eye’ pattern examples shown in Figure 11.

Of particular importance are general symmetry,
cleanliness of the zero-crossings, and for a BT of 0.3, the
relative amplitude of the inner eye opening.

To achieve this, attention must be paid to -

- Linearity and frequency/phase response of the
TX frequency modulator. Unless the transmit
data is especially encoded to remove low
frequency components, the modulator
frequency response should extend down to a few
hertz. This is because two-point modulation is
necessary for synthesized radios.

- Bandwidth & phase response of the RX IF filters.

- Accuracy of the TX and RX carrier frequencies -
any difference will shift the received signal
towards one of the skirts of the IF filter response.

Page 52

Ideally, the RX demodulator should be d.c. coupled to
the MX589 ‘RX Signal In’ pin (with a d.c. bias added to
center the signal at the RX Feedback pin around V_ /2
[Vgasl )- However a.c. coupling can be used provided
that:

- The 3 dB cut-off frequency is 20Hz or below
(i.e. a 0.1uF capacitor in series with 100kQ).

- The data does not contain long sequences of
consecutive ones or zeroes.

- Sufficient time is allowed after a step change at
the discriminator output (resulting from channel
changing or the appearance of an RF carrier) for
the voltage into the MX589 to settle before the
‘RXDCacq’ line is strobed.
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A.C. Coupling of TX and RX Signals

Practical applications may require AC coupling from
the MX589's TX Output to the frequency modulator and
between the receiver's frequency discriminator and the
MX589's RX Input. This creates two problems:

1) AC coupling of the signal degrades the Bit Error
Rate (BER) performance of the MX589. Figure 12
(above) shows the typical static BER performance of the
MX589 at 8kbps (without FEC) for different levels of AC
coupling.

2) AC coupling at the RX Input will transform a step
in the voltage at the discriminator output to a slowly
decaying pulse which can confuse the MX589's level

measuring circuits. The time for this step to decay to
37% of its original value is “RC”:

RC = 1
2nethe 3dB cut-off frequency of the RC network

and is 8ms (64 bit-times) at 8kbps for a 20Hz network.

For these reasons, the optimum -3dB cut-off
frequencies are approximately 5.0Hz in the TX path and
20.0Hz in the RX path under the following conditions:

Data Rate = 8kbps TXBT=0.3
V= 5.0V Ty = 25°C

STEP INPUT
TO RC CIRCUIT

100% -

OUTPUTOF
RC CIRCUIT 37%-

Figure 13 - Time Required for Voltage Step Decay to 37%
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Two Point Modulation

When designing the MX589 into a radio that uses a
frequency synthesizer, a two-point modulation technique
is recommended. This is both to prevent the radio's PLL
circuitry from counteracting the modulation process, and
to provide a clean flat modulation response down to d.c.

Figure 14 shows a suggested basic configuration to
provide a two-point modulation drive from the MX589 TX
Output using MXsCOM's MX019 Digitally Controlled
‘Quad’” Amplifier Array. The MX019 elements provide
individual set-up, calibration and dynamic control of
modulation levels. Level setting control of the amplifiers/
attenuators of the MX019 is via an 8-bit data word.

With reference to Figure 14, the buffer amplifier is

required to prevent loading of the MX589 external RC
circuit.

Stage B, with R,/R,, provides suitable signal and d.c.
levels for the VCO varactor; C, is RF decoupling. The
drive level should be adjusted (digitally) to provide the
desired deviation.

Stage C, withR./R,, provides the Reference Oscillator
drive (application dependent). This parameter is set by
adjusting for minimum a.c. signal on the PLL control
voltage with a low-frequency modulating signal (inside
the PLL bandwidth) applied.

Stage D could be used with the components shown
if a negative reference drive is required. Stage A provides
buffering and overall level control.

+14dB to -14dB

+3dB to -3dB
CONTROL

B ay
R é Vieo

TX VCO

It
i
o

.

With reference to the MX019 Data Sheet

Stage A = MX019 Channel 4

Stage B = MX019 Channel 1

Stage C = MX019 Channel 2

Stage D = MX019 Channel 3

Note that ALL stages of the MX019 are 'Inverting’ stages

+3dB to -3dB Vss
o
R, Vaer (9 To TX
REF Osc (+)
R4
o +3dB to -3dB Vs

Ve o 1o 7x
REF Osc (-)
v,

ss

Note: this example has not been verified.

‘Acquisition’ and ‘Hold’ Modes

The ‘RXDCacq’ and ‘PLLacq’ inputs must be pulsed
‘High’ for about 16 bits at the start of reception to ensure
that the DC measurement and timing extraction circuits
lock-on to the received signal correctly. Once lock has
been achieved, then the above inputs should be taken
‘Low’ again.

In most applications, there will be a DC step in the
output voltage from the receiver FM discriminator due to
carrier frequency offsets as channels are changed or
when the distant transmitter is turned on.

The MX589 can tolerate DC offsets in the received
signal of at least +0.5V with respect to V., (measured
atthe RX Feedback pin). However, to ensure thatthe DC
offset compensation circuit operates correctly and with
minimum delay, the ‘Low’ to ‘High’ transition of the
‘RXDCacq’ and ‘PLLacq’ inputs should occur after the
mean input voltage to the MX589 has settled to within
about 0.1V of its final value. (Note that this can place
restrictions on the value of any series signal coupling
capacitor.)
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Figure 14 - An Example of Two-Point Modulation Drive with Individual Adjustment Using the MX019

As well as using the ‘RX Hold’ input to freeze the
Level Measuring and Clock Extraction circuits during a
signal ‘fade’, it may also be used in systems which use
a continuously transmitting control channel to freeze the
RXcircuitry during transmission of a data packet, allowing
reception to resume afterwards without losing bit
synchronization. To achieve this, the MX589 ‘Xtal’ clock
needs to be accurate enough that the derived ‘RXClock’
output does not drift by more than about 0.1 bit time from
the actual received data-rate during the time that the
‘RXHold’ input is ‘Low’.

The ‘RXDCacq’ input, however, may need to be
pulsed ‘High’ to re-establish the level measurements if
the ‘RXHold’ input is ‘Low’ for more that a few hundred
bit-times.

The voltages on the Doc1 and Doc2 pins reflect the
average peak positive and negative excursions of the
(filtered) receive signal, and could therefore be used to
derive a measure of the data signal amplitude.
Note however, that these pins are driven from very high-
impedance circuits, so that the DC load presented by any
external circuitry should exceed 10MQ to V..
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Specifications
Absolute Maximum Ratings Operating Characteristics
Exceeding the maximum rating can result in device All devices were measured under the following
damage. Operation of the device outside the operating | conditions unless otherwise noted.
limits is not suggested.
Supply Voltage -0.3 to 7.0V Vi, = 5.0V
Input Voltage at any pin .
(ref V,=0V) -0.3 to (V,,+ 0.3V) T = 25°C
Sink/Source Qurrent Data Rate = 8000 bps
(supply pins) +30mA
(other pins) +20mA Xtal/Clock f, = 4.096 MHz
Total Device Dissipation
(@ T,,5=25°C) 800mW max. Noise bandwidth = bit rate
Derating 10 mW/°C
Operating Temperature -40°C to +85°C
Storage Temperature -55°C to +125°C

Supply Voltage (V) 3.0 5.5 \Y
Operating Temperature -40 +85 °C
RX & TX Data Rate Vi, 2 3.0V 4,000 20,000 bps
V245V 4,000 40,000 bps
Xtal/Clock Frequency Vo 2 3.0V 1.0 5.0 MHz
Voo 245V 1.0 6.5 MHz
“High” Pulse Width Note 10 60.0 - ns
“Low” Pulse Width Note 10 60.0 - ns
Static Values
Supply Current
(for V,,=3.0V) TXPS RXPS 1
1 1 - 0.5 - mA
0 1 - 1.0 - mA
1 0 - 1.0 - mA
0 0 - 1.5 - mA
(for V,,=5.0V) TXPS RXPS 1
1 1 - 1.0 - mA
0 1 - 2.0 - mA
1 0 - 3.0 - mA
0 0 - 4.0 - mA
Input Logic Levels
Logic “1” 3.5 - - \Y
Logic “0” - - 1.5 \
Logic Input Current 2 -5.0 - 5.0 A
Logic “1”Output Level at IOH = -120pA 4.6 - - \
Logic “0"Output Level at IOL = 120pA - - 0.4 \
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Transmit Parameters

TX Output Impedance 3 - 1.0 - kQ
TX Output Level 4,11 0.8 1.0 1.2 V p-p
TX Data Delay (BT =0.3) 5 - 2.0 2.5 bit-periods
(BT = 0.5) 5 - 1.5 2.0 bit-periods
TX PS to Output-Stable Time 6 - 4.0 - bit-periods
Receive Parameters
RX Amplifier -
Input Impedance 1.0 - - MQ
Output Impedance 7 - 10.0 - kQ
Voltage Gain - 50.0 - dB
RX Filter Signal Input Level 8,11 0.7 1.0 1.3 V p-p
RX Time Delay 9 - - 3.0 bit-periods
On-Chip Xtal Oscillator
R 10.0 - - MQ
R our 12 - 50.0 - kQ
Voltage Gain 12 - 25.0 - dB
Notes

Not including current drawn from the MX589 pins by external circuitry. See Absolute Maximum Ratings.
For V,, in the range V to V,

For a load of 10kQ or greater. TX PS input at logic “0”; TX Enable = “1”.

Data pattern of “1111000011110000 ..”

Measured between the rising edge of ‘“TX Clock’ and the center of the corresponding bit at ‘TX Out.’
Time between the falling edge of “TX PS’ and the ‘Tx Out’ voltage stabilising to normal output levels.
For a load of 10kQ or greater. RX PS input at logic “0”.

For optimium performance, Measured at the ‘RX Feedback’ pin for a “1111000011110000 ...” pattern.
9. Measured between the center of bit at ‘RX Signal In’ and corresponding rising edge of the ‘RX Clock’.
10. Timing for an external clock input to the Xtal/clock pin.

11. Typical level shown is at V;,,=5.0V; actual levels are proportional to applied V,

12. Small signal measurement at 1.0kHz with no load on Xtal output.

©ONoO O RN~
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1 I 1
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TX Out, BT=0.5

TX Out, BT=0.3

1 1 1 1 1 3 31 3 3 1 1 1 t 1 1 1 ]
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Figure 15 - Typical Signal Waveforms
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Preliminary Information

MSK MODEM

DESCRIPTION

The MX809 is an intelligent, half-duplex 1200 baud MSK Modem which operates under
C-BUS control. This modem provides software selectable checksum generation and
error checking in accordance with MPT1327.

In TX Mode the MX809 will:
1. a) Accept from the host and transmit 8-bit bytes of data as instructed (preamble, sync,
address and data).

b) Internally calculate and insert a 2 byte checksum based on the preceding 6 bytes of
data, or

c) Disable the internal checksum generator and continuously transmit the data supplied.

2. Transmit 1 hang-bit and go to TX Idle when all loaded data bytes have been
transmitted.

In RX Mode the MX809 will:
1. Detect and carry out bit synchronization within 16 bits.

MX809

\

MX809J
24-pin CDIP

\

2. a) Search and detect the user-programmed Sync (or its opposite logic sense) Word MX809LH
and carry out frame synchronization. Data will then be output in 8-bit bytes via the RX 24-pin PLCC
Data Buffer.
e CHECKSUM
| GEN/CHECK Voo
«—DD
TX OUT
RX N L. DATA REGISTER 1 DATA REGISTER 2 TRANS
|—» RECOVERED
CLOCK
XML SYNC/SYNG — Vons
ACLAEN . RI%(EIECT DETECT ﬁs( E&vgg
— cLock = L
XTAL GENERATOR [
S y AMP IN
RX _FREEFORMAT RX DATA BUFFER TX DATA BUFFER
= R | |
RX_DATA TX_DATA TX IDLE
S READY READY AMP OUT
REPLY = INTERRUPT UNCOMMITTED
pgr | caus ENABLE SYNG PROGRAM AMPLIFIER
INTERFACE ‘_OT—" aias
SERIAL o 8-BIT PARALLEL BUS
GLOCK AND < y < VSS_
commann | CONmt Beer | BeRer
DATA | )
CONTROL STATUS INTERRUPT
WAKE ‘ DECODER REGISTER REGISTER GENERATOR e
ADDRESS
SELECT
Figure 1 - MX809 1200 Baud MSK Modem
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DESCRIPTION...

b) Use the received checksum to calculate the presence of any errors, setting the Status Register accordingly.

3. Make the incoming data directly available via the RX Data Buffer (RX Freeformat), overriding the synchronization
requirements.

RX input timing is achieved by recovering an RX clock from the incoming data stream. Output tones are timed to the
internally generated TX clock. Filter, register clocks, and transmit MSK tone frequencies are derived internally from the
external Xtal or clock pulse input.

A 4.032 MHz Xtal or clock input is required for compliance with the MPT1327 Signalling Specification. Note: All
information contained in this data bulletin is specified using a 4.032 MHz Xtal, 1200 bps baud rate, with Mark and Space
frequencies of 1200 Hz and 1800 Hz. The MX809 has a non-committed amplifier on-chip for general applications in
the DBS 800 serie. The MX809 is a low-power 5V integrated circuit that incorporates Powersave modes to further
reduce power requirements. It is available in 24-pin Cerdip and 24-lead SMT Packages.

PIN FUNCTION CHART

1 Xtal: This is the output of the on-chip clock oscillator. External components are required at this input
when a Xtal input is used. See Figure 2, Inset.

2 Xtal/Clock: This is the input to the on-chip clock oscillator inverter. A Xtal or externally derived clock
should be connected here. See Figure 2, Inset.

3 Interrupt Request (IRQ): The output of this pin indicates an interrupt condition to the microcontroller
by going to a logic “0.” This is a “wire-or able” output that enables the connection of up to 8 peripherals
to 1 interrupt port on the microcontroller. This pin is an open-drain output, and therefore has a low
impedance pulldown to logic “0” when active and a high impedance when inactive. The conditions
that cause interrupts are indicated in the Status Register and are shown below:

TX idle RX Data Ready TX Data Ready
RX SYNC Detect RX SYNC Detect

Interrupt outputs can be disabled by bit 3 of the Control Register.

4 N/C
5 N/C
6 RX Freeformat: When this input is logic “0” in the RX Mode, it allows received data to be read from

the RX Data Buffer via the Reply Data line without having to achieve byte synchronization (SYNC/
SYNC) first. Data will continue to be available after this input goes to a logic “1” until either a SYNC
or SYNC Prime Bit is set or the modem is set to TX Mode. When held at a logic “1” the modem
operates normally. This pin has an internal TMQ pullup resistor.
Note: If this input is held at a logic “0” in the TX Mode, the RX Data Ready bit in the Status
Register may occasionally be set, but not cause an interrupt. If this input is a logic “0” when
going into the RX Mode, an RX Data Ready interrupt may be generated immediately (in this
case the first byte of RX data should be ignored).

7 Vans: The internal circuitry bias line, this is held at V, /2. This pin must be decoupled to V by
capacitor C,. See Figure 2.

8 Amp In: The inverting input to the on-chip uncommitted amplifier.

9 Amp Out: The output of the on-chip uncommitted ampilifier.

10 RX In: This is the 1200 baud, 1200Hz/1800Hz received MSK signal input. The input signal to this

pin must be a.c. coupled via capacitor C,. See Figure 2.
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PIN FUNCTION CHART

[Function
11 N/C
12 V.- Negative Suply (GND).
13 TX Out: This is the 1200 baud, 1200Hz/1800Hz MSK TX output. When not transmitting data the

output impedance of this pin is high. On power-up this output can be any level. A General Reset

command is required to ensure that this output attains V¢ initially.
14 N/C
15 N/C
16 N/C
17 Reply Data: This is the C-BUS serial data output to the microcontroller. The transmission of Reply

Data bytes is synchronized to the Serial Clock under the control of the Chip Select input. This 3-state
output is held at high impedance when not sending data to the microcontroller. See Timing Diagrams.

18 N/C

19 Chip Select ((E‘»): The C-BUS data loading control function, this input is provided by the microcontroller.
Data transfer sequences are initiated, completed or aborted by the CS signal. See Timing Diagrams.

20 Command Data: This is the C-BUS serial data input from the microcontroller. Data is loaded to this
device in 8-bit bytes, MSB (bit7) first, and LSB (bit 0) last, synchronized to the Serial Clock. See Timing
Diagrams.

21 Serial Clock: This is the C-BUS serial clock input. This clock, produced by the microcontroller, is

used for transfer timing of commands and data to and from the MSK Modem. See Timing Diagrams.

22 Address Select: This pin enables two MX809s to be used on the same C-BUS, providing full-duplex
operation. When at a logic “1” Address/Command bytes (with the exception of a General Reset) must
have bit 3 set to a logic “1” to address this device. See Tables 1 and 2.

23 Wake: This input can be used to reactivate the MX809 from Powersave. The device will be in
Powersave when both this pin and bit 2 of the Control Register are set to a logic “1.” Recovery from
Powersave is achieved by putting either the Wake pin or the Powersave bit in the Control Register
to logic “0.” This allows MX809 activation by the microcontroller or an external signal, such as R.S.S.1.
or Carrier Detect.

1 Powersave
0 Enabled
1 ) Enabled
0 Enabled
24 V,: Positive supply. A single +5V power supply is required. Levels and voltages within the MSK

Modem are dependent upon this supply.

Note: Pins 4, 5, 11, 14, 15, 16 and 18 may be connected to Vss to improve screening.
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External Components

VDD
U
XTAL V,
SEE INSET N— 1 24 8 -1-05
XTA 2K 2 23 WAKE :_E
. IRQ 3 22 ADDRESS SELECT =
DA 1 jSERIAL cLock
—15 20 ;(g)MMAND DATA
RX_FREEFORMAT,
— 1% MX809J 1
Bt 7 18 b—o
Ca_l_ AMP_IN 8 17| REPLY DATA
I AMP OUT 9 16
= —] —&W 40 15—
o —m 14 F—
rss 12 cielRrer.

r— INSET _I
| XTAL |
I 1 I Component Value
R 1.0MQ
| xR MXxgoss | c, 33.0pF
I XTAL/CLOCK 2 I C. 33.0pF
o 1 C, 1.0uF
| | c, 0.1pF
I I 25 4 gég};/fH
—_ = g z
L - __ _| Tolerance: R = £10%; C = +20%

Figure 2 - External Components

NOTE: XTAL circuit capacitors C, (C,) and C, (C,;) shown in the inset
are recommended in accordance with MX-COM's Crystal Oscillator
Application Note, March 1990.

Modem Performance

Figure 3 - Bit Error Rate vs Signal-to-Noise Ratio

2 x 102 -
‘0-2 —
° Ideal Coherent MSK MX809
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&
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4
3
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Controlling Protocol

Control of the functions within the MX809 MSK Modem is by a group of Address/Commands (A/Cs) and appended
data to and from the system microcontroller via the C-BUS. Two separate MSK Modems can be addressed. The use
of these A/Cs is detailed in the following paragraphs and tables.

_

General Reset 01 00000O00O
Write to Control Register 40 0100000O0
Read Status Register 41 0100000
Read RX Data Buffer 42 0100001
Write to TX Data Buffer 43 0100001
Write to SYNC Program 4 0100010

Table 1 - Modem No. 1 C-BUS Address/Commands -

1 + Control Register bits set to logic “0”

0 + 1 byte instruction to Control Register

1 + 1 byte reply from Status Register

0 + 1 byte of data from RX Data Buffer

1 + 1 byte of data to TX Data Buffer

0 + 2 bytes of SYNC Word to SYNC Prog. Reg.

(Address Select input at a logic “0”)

Address/Commands

Instructions and data transactions to and from the
MX809 consist of an Address/Command (A/C) byte fol-
lowed by either further instructions or data, or a Status or
RX data Reply.

Control and configuration is by writing instructions
from the microcontroller to the Control Register [40,,
(48,)].

Reporting of the MX809 configurations is by reading
the Status Register [41,, (49,)]. Instructions and data are

transferred via C-BUS in accordance with the timing
information given in Figure 4.

Data to be transmitted as MSK is sent to the TX Data
Buffer via the Command Data line. Received data is read
from the RX Data Buffer via the Reply Data line.

Instructions and data transactions to and from this
device are preceded by the relevant A/C.

C-BUS allocations for the MX809 are shown in
Tables 1 and 2.

General Reset 01 000000O00O
Write to Control Register 48 0100100
Read Status Register 49 0100100
Read RX Data Buffer 4A 0100101
Write to TX Data Buffer 4B 0100101
Write to SYNC Program  4C 0100110

Table 2 - Modem No. 2 C-BUS Address/Commands -

Control Register bits set to logic “0”

1 byte instruction to Control Register

1 byte reply from Status Register

1 byte of data from RX Data Buffer

1 byte of data to TX Data Buffer

2 bytes of SYNC Word to SYNC Prog. Reg.

+ o+ o+ o+ o+

(Address Select input at a logic “17)

Address Select

This input allows 2 MSK Modems on the same BUS,
using the correct addressing.

When operating in a system using 2 MSK Modems,
one MSK Modem is designated No. 1 and requires its
Address Select input to be held at a logic “0.” The second
Modem (No. 2) requires its Address Select input to be held
at logic “1.”

MX-COM, INC.

All C-BUS transactions with Modem 1 will use Ad-
dress/Command allocations 40, to 44, (Table1) and trans-
actions with Modem 2 will use 48, to 4C, (Table 2).

For explanation purposes, further descriptions of
MX809 MSK Modem internal register functions will deal
primarily with MSK Modem No. 1 (Address Select at logic
“0”).
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Controlling Protocol

Transmitted First
Not used
Set to “0”

Not used
Set to “0”

SYNC Prime

Primed
SYNC Prime

Primed

Interrupt Enable
Disable
Enable

Powersave
Normal Operation
Powersave

Checksum Enable
Disable
Enable

RX/TX Mode
RX
TX

Table 3 - Control Register

“Read RX Data Buffer”
MSB

LSB

7 6 5 4 3 2 1 0

MSB
7 6 5 4 3 2 1 0

“Write to SYNC Program”
MSB BYTE 1 BYTE 0

LSB
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“Write to Control Register” This “rite Only” register directs the Modem's operation.

SYNC Prime: When set, this bit enables SYNC Word
detection. It is cleared on a successful SYNC Word
detection.

SYNC Prime: When set, this bit enables SYNC Word
detection. It is cleared on a successful SYNC Word
detection.

Interrupt Enable: When set, this bit allows interrupts
to be output by the MX809 on the IRQ line.

Powersave: Used in conjunction with the Wake input
(see Pin Functions) to control the Powersave state of
the MX809.

Checksum Enable: When set:

InTX: A2-byte checksumis generated and transmitted
after every 6 bytes transmitted.

In RX: After every 8 received bytes (6 information +
2 checksum) the checksum word is checked. If the
checksumiis correct, the RX Checksum True bit in the
Status Register is set to a logic “1.” When this bit is
a logic “0” no checksums are generated or checked.

NOTE: Checksum operation is inhibited during the
SYNC/SYNC search period.

RX Data Buffer

This “Read Only” register contains the last byte of
datareceived from the Data Register. Data is received
Bit 7 (MSB) first.

TX Data Buffer

This “Write Only” register contains the next byte of
data to be transmitted. Bit 7 (MSB) is transmitted first.

SYNC Program

This “Write Only” register is loaded with the required
SYNC word. This word (or its opposite logic sense,
SYNC) is compared with the received synchronization
word. If the required SYNC Word is less than 16 bits,
the remaining bits must be programmed as preamble
(10101010...etc.). Bit 15 (MSB) is loaded first.
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Controlling Protocol

“Read Status Register” This “Read Only” register indicates the source of MX809 interrupts (|_R—QS).

Received First
Undefined

RX SYNC Detect

SYNC
RX SYNC Detect

SYNC
TX Idle

Idle
TX Data Ready

TX Data Ready
RX Checksum True

True
RX Data Ready

RX Data Ready

Table 4 - Status Register

RX Checksum True

Thisis setand an Interruptis generated by a successful
comparison of the received and self-generated
checksums.

Itis cleared by (1) reading the Status Register and the
RX Data Buffer, and (2) RX/TX being taken to logic
g

RX SYNC Detect

This is set and an Interrupt is generated when the
correct SYNC Word is detected (if SYNC Prime is
set).

Itis cleared by (1) reading the Status Register, and (2)
setting RX/TX to logic “1.”

RX SYNC Detect

This is set and an Interrupt is generated when the
correct SYNC Word is detected (if SYNC Prime is
set).

Itis cleared by (1) reading the Status Register, and (2)
setting RX/TX to logic “1.”

TX Idle
This is set and an Interrupt is generated when all
loaded TX dataand 1 “hang-bit” have been transmitted.

It is cleared by (1) writing to the TX Data Buffer, and
(2) setting RX/TX to logic “0.”

TX Data Ready
This is set and an Interrupt generated indicating that
a byte of data should be written to the TX Data Buffer.

It is cleared by (1) reading the Status Register and
writing a byte of data to the TX Data Buffer, and (2)
setting RX/TX to logic “0.”

RX Data Ready

Whenthisis setand an Interruptgenerated, itindicates
that the RX Data Buffer is full, and that a byte of data
is to be read from the RX Data Buffer. This must be
read within 8 bit periods.

Itis cleared by (1) reading the Status Register and the
RX Data Buffer, and (2) Setting RX/TX to logic “1.”

Interrupt Requests (IRQ)
The conditions that cause interrupts to be output (if
enabled by the Control Register) from the MX809 are:

RX SYNC Detect
RX Data Ready
RX SYNC Detect

TX Idle
TX Data Ready

The Status Register should be read to find the cause
of the interrupt. Interrupts are cleared by (1) reading
the Status Register, or (2) changing the state of the
RX/TX bit.

MX-COM, INC.

General Reset
Upon power-up, the bits inthe MX809 Modem register,
and buffers will be random (either “0” or “1”). The
General Reset command (01,) will “reset” all
microcircuits on the C-BUS and has the following
effect on the MX809:

All bits in the Control Register will be set to logic “0.”
The TX Out output will be set to V.

NOTE: The Status Register, RX Data Buffer, TX Data
Buffer, and SYNC Program register are not affected
by the General Reset Command.
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C-BUS Timing Information

CHIP SELECT

| e
COMMAND DATA _

M77|s|5|4|a|2|1|6|5|4|3|2|1|0
) LsB MSB LsB

ssm;)l CLOCKl‘_ o= _)I I(_ tor I‘_ tra _’| "I I‘_ tosn
___lfyuuiUuT UrUuUiuT

ERNANDBAD
MSB LsB

LAST DATA BYTE

Figure 4 - C-BUS Timing

ADDRESS/COMMAND FIRST DATA BYTE
BYTE
REPLY DATA T
| 4
{7]e]sfa]al=]1 [0 |
- MSB LsB
Logic level is not important FIRST REPLY DATA BYTE

EANANDANE
MSB LsB
LAST REPLY DATA BYTE

Parameter

tose Chip Select Low to First Serial Clock Rising Edge
tosn Last Serial Clock Rising Edge to Chip Select High
tz Chip Select High to Reply Data High - Z

tosore  Chip Select High

b Command Data Inter-Byte Time

tox Serial Clock Period

Notes:

Min. Max. Unit
2.0 - us
4.0 - us

- 2.0 us
2.0 - us
4.0 - us
2.0 - us

1. Depending on the command, 1 or 2 bytes of Command Data is transmitted to the peripheral MSB (bit 7) first, LSB (bit 0) last. Reply Data

is read from the peripheral MSB (bit 7) first, LSB (bit 0) last.

2. Data is clocked into and out of the peripheral on the rising Serial Clock edge.

3. Loaded commands are acted upon at the end of each command.

4. Toallow for differing microcontroller serialinterface formats, C-BUS compatible ICs are able to work with either polarity Serial Clock pulses.

Modem Timing Information

RXITX
RX INPUT Pifpe [[p | smc [a1 [a2 [as [as [as [as [c1 [ca | smc [ar a2 |as
NOTE 5 NOTE 6

i"a rvrvyuvururuuyuy  uuu

READ STATUS REGISTER LI TR T T N N | t ot
NOTE 4

SYNG_DETECT Il I

(OR SYNC DETECT)

RX DATA READY

READ RX DATA BUFFER LN R N N N N N | t 1

RX CHECKSUM TRUE In
NOTE 2 NOTE 1

SYNG/SVNG PRIME 1 |

CHECKSUM ON/OFF ~ —]

Figure 5 - Modem Timing

Notes: 1. The SYNC and SYNC detector searches the incoming bit stream
starting at the end of the byte in which SYNC/SYNC Prime was set.
2. After detection of a SYNC/SYNC word, the SYNC/SYNC prime bits
automatically go low (control bits 5 and 6: detector off).
3. The checksum checker is inhibited during the time SYNC/SYNC
search is operating.
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4. The status register will indicate whether SYNC
or SYNC was detected here.

5. Any number of preamble bits can occur here.
6. Any number of bits can occur here.

7. RX Freeformat set high.
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TX Timing Information

(a) TX MORE THAN ONE MESSAGE, SYNC BEFORE EVERY MESSAGE, TX CHECKSUM
ENABLED

TX OUTPUT ————{p1 [r2][ P [s1 [s2 [a1 [a2 [as [as [as Jas Jo1 Jco [st1 [s2 Jor o2 [os [o4 [os Jos

NOTE 6
e T rrvuvuyruruvururvylrLr  ruvuvuuruuu
READ STATUS ttrtrt ot (I T A A A A A

REGISTER

™pAA READY — T LT L Lo gy —

WRITE TO tot L | trttt ot
TX DATA BUFFER Pt P2 P S1 S2 A1 A2 A3 A4 A5 A6 St S§2 D1 D2 D3 D4 D5 D6
CHECKSUM

ON/OFF I L

NOTES 1. Preamble and SYNC bytes are loaded as data from the microcontroller.
2. The TX output will be held at bias level when no data is being transmitted.
3. TX byte synchronization is established by the loading of the first preamble
byte from the microcontroller.
4. Checksum must be turned off during preamble and SYNC words.
5. When RX/TX is low, TX output is at bias.
6. Any number of preamble bytes can occur here.

(b) TX MORE THAN ONE MESSAGE, TX CHECKSUM NOT ENABLED

RX/TX

TX OUTPUT ———{ei [ee] P st [s2 [a1 [a2 | as Jas J[a [s1 [s2 o1 Jo2 [os Joa [lo [s1]s2] o1
! :

NOTE 2 NOTE 3 NOTE 3
|‘! |'~I l_'I
RQ e Ty
READ_STATI | i |
READ STATUS (O T O O O N A
‘__J ’___I '__._I
1 1 |
™ paTA READY — LML LML L rr reri e
I 1 1
WRITE TO t ot t ettt tot tot
TX DATA BUFFER Pt P2} P S1 S2 A1l A2 A3 A4} A S1 S2 DI D2 D3 p4f D ST S2 D1 D2
1 1 1

CHECKSUM
ON/

NOTES 1. Preamble, SYNC words and checksums are supplied by the
microcontroller in this format as data bytes.
2. Any number of preamble bytes can occur here.
3. Any number of address/data bytes can occur here.

A - Address bytes

C - Checksum bytes
D - Data bytes

H - Hang bit

P - Preamble bytes

- Don't care state

TXonly - In TX, Preamble and SYNC are
loaded as data from the microcontroller

Figure 6 - TX Timing

MX-COM, INC. Page 65



MX809

TX Timing Information

Figure 7 -- TX Timing

(a) TX ONE MESSAGE, TX CHECKSUM ENABLED

TX OUTPUT ——Ter ]e2]l P st |s2 Jar [a2 Jas Jaa [as Jas Jc1 Je2 [n

NOTE 2
!

3 N T T T i I U e T T
READ STATUS 11;111111111 t

REGISTER

)

TX DATA READY

WRITE TO T
TX DATA BUFFER P1

tot Pttt
21 P S1 S2 A1 A2 A3 A4 A5 A6

-
1
1
1
1
|
P2 |
1

CHECKSUM f
ONJ/

TX IDLE | I

NOTES 1. His the “Hangover bit” (Logic 1) appended to the transmitted
message before transmission is terminated.
2. Any number of preamble bytes can occur here.
3. Transmission terminates after C1, C2 and H. Termination occurs
when no further data bytes are written to the TX data buffer.

(b) TX ONE MESSAGE, TX CHECKSUM NOT ENABLED

RXITX
TX OUTPUT ————{pi |p2|[ p [s1 [s2 |a1 [z [as a4 [as[]a |H }——r
NOTE 2 NOTE 3
l_l ‘_!
iRQ VI VI U U T L T R f
1 1
READ STATUS LI O A O A N N t
l..__l l——-‘
] 1
TX DATA READY ; :
1
WRITE_TO () 1 t ot
TX DATA BUFFER Pt P2 P S1 S2 Al A2 A3 A4 A5 A
CHECKSUM
ONJ/OFF
X IDLE I

NOTES 1. His the “Hangover bit” (Logic 1) appended to the transmitted
message before transmission is terminated.
2. Any number of preamble bytes can occur here.
3. Any number of address/data bytes can occur here.
4. Transmission terminates when no further data bytes are loaded into

the TX data buffer.
A - Address bytes .
C - Checksum bytes | Don't care state
D-
H- 3::,2%;% TX only - In TX, Preamble and SYNC are
P - Preamble bytes loaded as data from the microcontroller
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RX Timing Information

(a) RX SYNC/SYNC REQUIRED BEFORE EVERY MESSAGE, RX CHECKSUM NOT ENABLED

RX/TX B l
RX INPUT pifee [lp | swe JTat]aefaa]la | swc JarJaz as]

NOTE 1 NOTE 2 NOTE 3
G l
READ STATUS REGISTER I Pttt
]
]
SYNG_DETECT i N
(OR SYNC DETECT) 1l :
1
AX DATA READY Uy e
) t ot
READ RX DATA BUFFER i
Al A2 A3} A
1
SYNC/SYNG PRIME ~ ———d L L

CHECKSUM ON/OFF

NOTES 1. Any number of preamble bits can occur here.
2. Any number of address/data bytes can occur here.
3. Any number of bits can occur here.
4. RX Freeformat set high.

(b) RX ADDITIONAL DATA FOLLOWS INITIAL ADDRESS (6 DATA & 2 CHECKSUM BYTES) DATA,
RX CHECKSUM ENABLED

RX/TX

RX INPUT pi[r2[[ P | smc Jar [az [as [as [as Jas Jo1 Joz Jo1 o2 Jos [os Jos Jos Jor oz Jo
NOTE 1

iRQ rrovrrryruvuvruvuruvurururuyuu

READ STATUS £ T U A N N N N N N N N N N N |

SYNG_DETECT N

(OR §YNC

DETECT)

RX DATA READY rrrnnnnnoarurrre

A X em LA SO SO S N N N N A N N N N N

RX CHECKSUM n n_

TRUE

SYNC/SYNC | |
PRIME

CHECKSUM

g —

NOTES 1. Any number of preamble bits can occur here.
2. RX Freeformat set high.

A - Address bytes Dont

C - Checksum bytes & I on't care state

D - Data b

H- H:nz b’ﬁes TXonly - In TX, Preamble and SYNC are
Figure 8 - RX Timing P - Preamble bytes loaded as data from the microcontroller
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Specifications

Exceeding the maximum rating can result in device
damage. Operation of the device outside the operating
limits is not suggested.

Supply Voltage -0.3to7.0V
Input Voltage at any pin -0.3V to (V,+0.3 V)
Sink/source current
(supply pins) +30mA
(other pins)  +20mA
Total device dissipation

(@T 5 25°C) 800 mW max.
Derating 10mW/°C
Operating Temperature -40°C to +85°C
Storage Temperature -55°C to +125°C

All devices were measured under the following condi-
tions unless otherwise noted.

Vpp = 5.0V

Taug = 25°C

Xtal/clock f0 = 4.032MHz

Audio level 0dB ref = 308 mVrms @ 1kHz

Bit Rate = 1200 bps

Static Values

Supply Voltage (V)
Supply current (enabled)
Supply current (powersave)

Dynamic Values

Digital Interface

Input Logic “1”

Input Logic “0”

Output Logic “1” (IOH = -120pA)

Output Logic “0” (IOL = 360uA) 2,3

Digital Input Current
V,, = Logic “1” or “0” 1
Digital Input Capacitance
Tri-state “Off’ Leakage Current 8

N = —

-

Analog Impedance

Input Impedance

Output Impedance
Transmitting Data
Not Transmitting Data

On-Chip Xtal Oscillator
R
ROUT
Gain
Frequency 4

IN

Receiver
Signal Input Levels 5
Bit Error Rate
at 12dB SNR
at 20dB SNR
Synchronization at 12dB SNR 6
Probability of Bit 8 being correct
Probability of Bit 16 being correct
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3.5

4.6

10.0
5.0

5.0 5.5 Vv
5.0 - mA
2.0 - mA
- - \
- 15 \%
- - \Y
- 0.4 \
- 1.0 A
- 7.5 pF
- 4.0 nA
- - kQ
6.0 10.0 kQ
1.0 - MQ
- - MQ
- 15.0 kQ
15.0 - dB
4.032 - MHz
-2.0 10.5 dB
7.0 - 10+
1.0 - 108
99.0 - %
99.5 - %
MX-COM, INC.



Transmitter

Output Level - 0 - dB
Output Level Variation -1.0 - 1.0 dB
Output Distortion - 3.0 5.0 %
Third Harmonic Distortion - 2.0 3.0 %
Logic “1” Frequency 7 - 1200 - Hz
Logic “0” Frequency 7 - 1800 - Hz
Isochronous Distortion

1200Hz-1800Hz - 25.0 40.0 us

1800Hz-1200Hz - 20.0 40.0 us

Uncommitted Amplifier

Bandwidth - 200 - kHz
Gain - 50.0 - dB
Input Impedance 1.0 - - MQ
Output Impedance - - 10.0 kQ

Notes 1. Device control pins: Serial Clock, Command Data, Wake and CS.
2. Reply Data output.
3. IRQ output.
4. For baud rate specified (1200 baud).
5. Signal-to-Noise Ratio = 50dB.
6. The response time is measured using a 10101010....101 signal input pattern at 230mVrms
(-2.5dB) with no noise.
7. Dependant upon Xtal tolerance.
8. IRQ and Reply Data outputs for V<V, <V

DD*

Checksum Generation and Checking

Generation

The checksum generator takes the 48 bits from the 6 bytes loaded into the TX Data Buffer and divides
them modulo-2 by the generating polynomial:

X154 XM X8 X" 4+ X4+ X2+ 1

It then takes the 15-bit remainder from the polynomial divider, inverts the last bit and appends an EVEN
parity bit generated from the initial 48 bits and the 15 bit remainder (with the last bit inverted). This 16 bit
word is used as the “Checksum.”

Checking
The checksum checker does two things:
1) It takes the first 63 bits of a received messge, inverts bit 63, and divides them modulo-2 by the
generating polynomial:
X1® 4 XM 4 X184 XM 4 X4+ X2+ 1
The 15 bits remaining in the polynomial divider are checked to make sure that they are all zero.

2) It generates an even parity bit from the first 63 bits of a received message and compares this bit with
the received parity bit (bit 64).

If the 15 bits in the polynomial divider are all zero and the two parity bits are equal, then the RX Check-
sum True (Status Register bit 1) is set.
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Advance Information

MX909

HIGH-SPEED AND MOBITEX* GMSK MODEM

Features
« MX<COM MX'D SIGNAL CMOS
* MOBITEX AND GENERAL-PURPOSE
PACKET DATA APPLICATIONS
o WIRELESS DATA
e RADIO TELEMETRY
o POINT-OF-SALE & “SWIPE” TERMINALS
« BAR-CODE READERS

¢ FLEXIBLE FRAME STRUCTURE
[MOBITEX & CUSTOM FRAME FORMATS]

¢ HALF-DUPLEX GMSK MODEM: 4 to 19.2 kbps
¢ GMSK SIGNAL FILTERING (TX BT = 0.3)
e RECEIVED DATA QUALITY MONITOR

Description

The MX909 single-chip half-duplex GMSK modem
offers many benefits to the manufacturer and programmer
of medium to high-speed radio packet-data links using
Mobitex or general-purpose packet protocol.

¢ Automatic handling (TX/RX) of Frame structure
and Data Blocks ...... will reduce the processing load onthe
host pController. Requiring service by the uController only
once per TX or RX Data Block, the MX909 will perform as
much as possible of the

* AUTOMATIC PROTOCOL HANDLING
[BIT AND FRAME SYNC, BLOCK FORMATTING,
CRC AND FEC, INTERLEAVING & SCRAMBLING]

* LOW VOLTAGE OPERATION: 4.5 TO 55 V
e PCMCIA PACKAGING AVAILABLE*

MX909LH
24-pin PLCC

MX909J
24-pin CDIP

will react automatically as programmed.

RX and TX data and control between the host
uController and the MX909 is via an 8-bit bi-directional
parallel interface; input and output signals to and from the
radio system are in analog form suitable for connection to
the radio's discriminator and frequency modulator.

The MX909 is available in DIP and Surface Mount
packages, as well as PCMCIA-compatible packaging.

computationally intensive work

involved in the handling of packet-type

P DATA

protocol, including CRC and FEG 0 @
operations, Frame Sync detection, D, s [
Interleaving and Scrambling. 8 ’—“—l |—ﬂ—| po—

° Gaussian Minimum Shift ﬁg Ba w‘%"t}‘gm REGISTER REGISTER REGISTER
Keying (GMSK) modulation ...... EE R
provides the basis for an extremely | §=| o .
good relationship between the RF WR e . CHECKER

. . . Sam
bandwidth, Data bit-rate and Bit-error- & s CHEGKER
> DECODE

rate. . 2"' ;' ) ; | INTERLEAVE/

. Low-power, h|gh-speed Ve o > DE-INTERLEAVE SYNG DerECT
operation with powersave mode | Yo~ < |- .

N TX Bits. fts

...... selectable 4 kbpsto19.2kbpswith | = . — boc 1

a typical operating current of only 4mA

RX | BIT/CLOCK

ﬁ

at 5 volts. RX N % v£ }-v{‘
. T v I RX Input Amp il \A DOC 2
¢ Signal acquisition and 1L . TX Output =
. . L Buffer
track!ng_ ...... aIIows_for thg rapid = osSjilaon . x Nomal o
acquisition of received signals, N DIVIDERS ; o .
followed by automatic tracking of | | xmUcioc Paversave T
signal variations. Both PLL bandwidth - . -
and RX level measurement circuitry | Figure 1_- Block Diagram
*MOBITEX is a trademark of Swedish Telecom.
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Introduction: MX909 Circuit Descriptions

Data Bus Buffers

Eight bi-directional 3-state logic-level buffers between
the modem's internal registers and the controlling
pController's data-bus lines.

R/W, CS and Address Lines

Control the transfer of data bytes between the
pController and the modem's internal registers, according
to the state of the Write and Read Enable (VTR andﬁD)
inputs, the Chip Select (CS) input and the Register
Address inputs (A, and A,).

The Data Bus Buffers and Address & R/W Decode
blocks provide a byte-wide parallel pController interface.

Status and Data Quality Registers

8-bit registers which the pController can read to
determine the status of the modem and the received data
quality.

Command, Mode and Control Registers
The values written by the pController to these 8-bit
registers control the operation of the modem.

Data Buffer
An 18-byte buffer used to hold RX or TX data to or from
the pController.

CRC Generator/Checker

A circuit which generates (transmit mode) or checks
(receive mode) the Cyclic Redundancy Checksum bits
which are included in transmitted Mobitex Data Blocks so
that the receive modem can detect transmission errors.

FEC Generator/Checker

In transmit mode this circuit calculates and adds the
Forward Error Correction information (4 bits) to each byte
presented to it. In receive mode the FEC information is
used to correct most transmission errors that may have
occurred in a Mobitex Data Block or in Frame Head
control bytes.

TX Output Buffer

A unity-gain amplifier used in the transmit mode to
buffer the output of the TX Lowpass Filter. In receive
mode, the input of this buffer is connected to V... When
changing from RX to TX mode the input to this buffer will
be connectedto V. for 2 bit periods to prevent unwanted
signals, from the lowpass filter, appearing at the TX OUT
pin.

When the modem is set to the powersave mode, the
buffer is turned off and the TX Output pin connected to
Vg Via a high value resistance. When exiting from
powersave the TX output is only reconnected to the buffer

MX-COM, INC.

after 2 bit times to prevent unwanted signals, from the
lowpass filter, appearing at the TX OUT pin.

Interleave/De-Interleave Buffer

Interleaves data bits within a data block before
transmission and de-interleaves the received data block
so that the FEC system is best able to handle short noise
bursts or fades.

RX Input Amp

Allows the received signal input to the modem to be set
to the optimum level by suitable selection of the external
components.

Frame Sync Detect

This circuit, which is only active in the receive mode,
is used to look for the user-specified 16-bit Frame
Synchronization pattern which is transmitted to mark the
start of every frame.

Scramble/De-Scramble

This block may be used to scramble/descramble the
transmitted/received Mobitex Data Block by modulating it
with a 511-bit pseudo-random sequence. Scrambling
smooths the transmitted spectrum especially when
repetitive sequences are to be transmitted.

(TX/RX) Lowpass Filter

This filter, which is used in both transmit and receive
modes, is a low-pass transitional gaussian filter.

In TX mode the filter bandwidth is set for a loss of 3dB
at 0.3 times the selected bit rate (BT = 0.3) and the bits
are passed through this filter to eliminate the high
frequency components which would otherwise cause
interference into adjacent radio channels.

In RX mode this filter is used with an increased BT
factor (0.56) to reject HF noise so that the signal is in a
suitable condition for extracting the received data.

RX Bit/Clock Extraction
These circuits, which operate only in receive mode,
extract a bit-rate clock from the received signal, and
measure the received signal amplitude and its dc offset.
This information is then used to extract the received
bits and also to provide an input to the received Data
Quality measuring circuit.

Clock Oscillator and Dividers

This circuit derives the transmit bit rate (and the
nominal receive bit rate) by frequency division of a
reference frequency which may be generated by the on-
chip Xtal oscillator or fed from an external source.
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Pin Function Table

IRQ: A 'wire-ORable' output for connection to the controlling yController's Interrupt Request
input. This output has a low-impedance pull-down to V, when active, and is high-impedance
when inactive.

: 8 bi-directional 3-state pController interface data lines.

OU0O0DO0D0D00O0

. N e AR gL

RD:  An active-low logic level input used to control the reading of data from the modem into
the controlling uController.

An active-low logic level input used to control the writing of data into the modem from
' uController.

sed to enable a data Read or Write operation

(see Figure 24, Timing).

A,: Two logic-level modem register
A:

1

Xtal: The output of the on-chip Xtal oscillator.

Xtal/Clock: The input to the on-chip Xtal oscillator. Operation of the
Xtal or clock input may cause device damage.

Doc 2: Connections to the internal RX signal level measurement circuitry. Capacitors as
Doc 1: described in Figure 2 should be installed between each of these pins and V.

TX Out: The TX signal output from the modem.

Vaas: The internal circuitry bias line, held at V, /2, this pin must be decoupled to V by a

capacitor mounted close to the device pins.
RX In: The input to the RX input amplifier.
RX Feedback: The output of the RX input amplifier, and the input to the (RX) Lowpass Filter.

V,,: The positive supply. Levels and voltages within the modem are dependent upon this
supply. This pin should be decoupled to V, by a capacitor mounted close to the device pins.
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Installation Information

MX909

Installation Notes

1. Resistors R, and R,, with the RX Input
Amplifier, set the signal input level to the
modem.

The value of R, should be calculated to give
1.0v p-p at the RX Feedback pin for a

received 11110000... sequence. The dc level

of the received signal should be adjusted so
that the signal at the modem's RX Feedback

pin is centered around V..

MX-COM, INC.

VDD VDD
o \_/ ‘ Voo c i
IRQ « 1 24 | ———
RX FEEDBACK
D, «——— 2 23
RX IN R, Ri  RXx IN
" D «——»] 3 22
\Y/ c
2 D, < ol 4 21 BIAS i 2
T TX OUT Ry
r D, e—»] 5 20 >
|_||__| b 6 19 Doc 1 ™ OUT
s ¥ e
2 MX909J Doc 2 1 =
o 2 7 1 8 _l_
0 XTAL/CLOCK Cs |[Cs
| D1 4+—»| 8 17 P C
o) XTAL 7| L= =
Q Do ¢———>| 9 16 =
E oo A1
2z RD »| 10 15 et betiniutaluttel
o AO 1 XTAL |
O WR 11 14 jJ¢—— ! 16 |
E Vss CcS 1 Gy |
cs 12 13 | X4 |
I i
Ao | = Rg|
A = | T !
1 e :
i 17
= TRt A
Figure 2 - Recommended External Components
2. External components R, and C, form an RC
Component Value Toleraonce lowpass filter between the TX Buffer output
R, Note 1 1100/0 (TX OUT) and the input to the radio's
R, 100k 110°/° frequency modulator; this is an important part
R, 1.0MQ ¢2(1/° of the TX signal filtering. These components
R, Note 2 5 f may form a part of any dc level shifting and
C, 0.1uF +20% gain adjustment circuitry.
C, 0.1uF +20% The ground connection (V..) of C_ should be
o} Note 3 +20% i i imum attenuati
3 N positioned to give maximum attenuation of
C, Note 3 +20 °/° high frequency noise into the modulator.
G, Note 2 :10°A, R, and C, should be chosen so that the
Cq Note 4 +20% product of R, (Ohms) and C, (Farads) is:
c, Note 4 +20% 034
X, Note 5 :

bit rate (bits per sec)
R, should be not less than 20kQ and the value
used for C, should take into account parasitic
capacitance.

Examples R, C,
8000b/s 100kQ 430pF
4800b/s 100kQ 710pF

The 'eye' diagram of the transmitted signal
(after the external R,/C, network) is shown in
Figure 4.

Continued on next page
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3. The values used for C, and C, should be
suitable for the frequency of X,.
As a guide:
C, = C, = 33pF for X, < 5.0MHz.
C, = C, = 18pF for X, > 5.0MHz.

4. External capacitors C, and C, form part of the
received signal level measuring circuit; the
values of C, and C, should satisfy the
following: C (F) x Data Rate (bps) = 120 x 10%.

D/Rate(kb/s) C/C (uF) D/Rate(kbps) C/C(kF)

4 .030 4.8 .022
8.0 .015 9.6 .012
16.0 .0068 19.2 .0068

If the on-chip Xtal oscillator is to be used, then
the external components X, C,, C,, and R, are
required as shown in Figure 2 (inset).

If an external clock source is to be used these
components are not required; the input should
be connected to the Xtal/clock pin and the Xtal
pin left unconnected.

Table 4 (Clock/Data Rates) provides advice on
the selection of the correct Xtal value.

External Signal Paths

The diagram below shows signal connections to and from the MX909. Inputs and outputs are shown with DC
coupling and level-shifting components; the notes and diagrams on the following page (Figures 5 and 6) describe
how, if acceptable, AC coupling may be used (see notes on the following page).

RX FREQUENCY TX FREQUENCY
— —p
DISCRIMINATOR MODULATOR
SIGNAL AND
DC LEVEL
ADJUSTMENT T
SIGNAL AND
ROX FEEDBACK ABJUSTMENT
RX TX | g out
WCONTROLLER CIRCUITS CIRCUITS | il
D, - D, +] o, - D,
AO - A1 > AO - Al
cs » cs
RD »1 RD
WA »] Wm MX909 GMSK Modem
IRQ [ IRQ
Figure 3 - External Signal Paths
0
Figure 4 - Example Transmit EYE Diagram (after the external RC network)
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Installation Information ......
AC Coupling
For a practical application, AC coupling from the modem’s transmit output to the Frequency Modulator and from
the receiver’s Frequency Discriminator to the receive input of the modem may be desired. There are, however,
two problems.

1) AC coupling of the signal degrades the bit-error-rate performance of the modem. Figure 5 illustrates the
typical bit error rates at 8kbps (without FEC) for differing degrees of AC coupling.

10" 0= : ]
X x i
—
~ T 1
10* \} j —
&K\ —
w N —
'_ LJ\
< ]
o«
3 N
8 10° = \%
o F— s TX and RX DC coupled N~
w S
t' I \{ Ne
m —— —X—— TX 5Hz, RX DC coupled \<
e T TX 5Hz, RX 10Hz \\“ ~
—— — — — TX5Hz, RX 30Hz X
| O TX 5Hz, RX 100Hz N\
10° : : | \><
4 5 6 7 8 9 10 11 12 13

SIGNAL-TO-NOISE RATIO (dB) (noise in 8kHz bandwidth)

Figure 5 - Examples of BER Performance Degradation Due to Varying Degrees of AC Coupling

2) Any AC coupling at the receive input will transform any step in the voltage at the discriminator output
to a slowly decaying pulse which can confuse the modem’s level measuring circuits. As illustrated below,
the time for this voltage step to decay to 37% of its original value is:

1
T =

(211 x f)

Where f is the 3dB cut-off frequency of the AC coupling network and is 8 ms (or 64 bit-times at 8 kbps)
for a 20Hz network.

For these reasons the maximum -3dB cut-off frequencies would seem to be around 5Hz in the TX path
and 20Hz in receive at 8 kbps.

Step Input
to RC Circuit

100%

Output of
RC Circuit 37% —

Figure 6 - Decay Problems of the AC Coupling Network
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Radio Performance
The maximum data rate that can be transmitted over a radio channel using this modem depends on:
* RF channel spacing.
e Allowable adjacent channel interference.
e Bitrate.
* Peak carrier deviation (modulation index).
e TX and RX reference oscillator accuracies.
e Modulator and demodulator linearity.
* Receiver IF filter frequency and phase characteristics.
e Use of error correction techniques.
e Acceptable error rate.

As a guide, 8 kbps can be achieved - subject to local regulatory requirements - over a system with 12.5kHz
channel spacing if the transmitter frequency deviation is set to + 2kHz peak for a repetitive * 1100... ‘ pattern and
the maximum difference between transmitter and receiver ‘carrier’ frequencies is less than 1500Hz.

The modulation scheme employed by this modem is designed to achieve high data throughput by exploiting
as much as possible of the RF channel bandwidth. This does, however, place constraints on the performance
of the radio.

In particular, attention must be paid to:
e Linearity, frequency and phase response of the TX Frequency Modulator.
e  The bandwidth and phase response of the receiver’s IF filters.

e Accuracy of the TX and RX reference oscillators, as any difference will shift the received signal towards
the skirts of the IF filter response and cause a DC offset at the discriminator output.

Viewing the received signal eye (at the MX909 RX Feedback pin) gives a good indication of the overall
transmitter/receiver performance.

Modem to pController Interface
The Data Bus Buffers and Address and Read/Write Decode blocks form a byte-wide parallel pController
interface. This diagram shows how this function can be memory mapped.

uC Data Bus
D, |+ > < »| D,
D; [« 4 N »| D,
D, |« 4 N » D,
Ds e >« »| Ds
Ds |¢ q{ D »] D
Dy | q{ M »| Ds
Ds |¢ q D ol Ds
D7 e q M o D7
WR »| WR
BD »l RD MX909
+ 5 Volts MODEM

LCONTROLLER G lne « "
R pullup resistor l—— other TRQ inputs
IRQ |<— < to pController
Ao > Ay
A1 d B A|
’ ! Modem e
A, > i Address —»] CS

4 : Decode |
uC Address Bus T
Figure 7 - Typical Modem to pController Interface
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Baseband and RF Frequency Requirements

0dB - = 1.0 V RMS
Mobitex Settings

—_ = Data Rate = 8kb/s
3 %3
— -
] 3
= =
] -
-~ -]

100—]

150 ! 1“ | 1 ‘ l |

5.0 10.0 15.0 20.0
FREQUENCY (kHz)

Figure 8 - Typical TX Out Frequency Spectrum for a Random Data Input

RF Channel Occupancy
The diagram below shows the theoretical RF bandwidth requirements when interfacing the MX909 baseband
(TX OUT) signal (Figure 8, above) to a radio transmitter. This plot assumes a perfect frequency modulator.

0 E """"""""" Unmodulated Carrier Level
i bty
g Il
4 I
] =
> =
[ 3
— 40 -
= A Mobitex Settings \A-W\ M/l
-60 ] hV { Data Rate = 8kb/s vvy f
; Deviation = 2.0kHz
\80:IIIIIIIII%lIIIIIII(jIIIlIIII Al!\l!JLIII(l
f -20 fs -10 fo fo +10 fo +20
FREQUENCY (kHz)
Figure 9 - Theoretical TX RF Frequency Spectrum Resulting from a Random Data Input to the MX909
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Data Formats
Mobitex Frame and Data Structures

The Mobitex format for transmitted data is in the form of a Frame Head immediately followed by a number of

Data Blocks (0 to 32).

The Frame Head consists of 7 bytes ......

2 bytes of Bit Sync:
11001100 11001100
00110011 00110011
(sent L to R).

2 bytes of Frame Sync:

System specific.

2 bytes of Control Data:

— System specific ID and control information.

1 byte of FEC Code (generated by the MX909):
— 4 bits for each of the control bytes:

— bits 7 - 4 operate on the first control byte.
— bits 3 - 0 operate on the second control
byte.
Each byte in the Frame Head is transmitted bit 7
(MSB) first, bit 0 (LSB) last.

— from base, or
— from mobile

The Data Block consists of ......

18 bytes of Data:

2 bytes of CRC are calculated by the MX909
from the 18 Data Bytes.

4 bits of FEC code are calculated for each of the
Data and CRC bytes

The resulting 240 bits are interleaved and scrambled
before transmission; see Figure 22, (Interleaving).

Figure 10 shows how the over-air signal is built up
from Frame Sync and Bit Sync patterns, Control Bytes
and Data Blocks.

The binary data transferred between the modem
and the controlling uController is that shown enclosed
in the heavily outlined rectangles.

Frame Head
MSB LSB

L_I J__ ( \ _J, ’__J
loaded first -Byte O Bit Sync 1
Byte 1 l Bit Sync 2 l
Byte 2 I Frame Sync 1
Byte 3 Frame Sync 2
Byte 4 I Controi Byte 1 I

loaded last -Byte 5 Control Byte 2
— — —
Bye 6 | FEC1 ] FEC2 |
—

—

— oy
1 NOTE
The binary data |
1 transferred between the
modem and the
|conlroll|ng uController is
that shown enclosed in |
| the dashed rectangles

PN

loaded first Byte O

loaded last -Byte 17

Data Block

L
[RAR LA U R RN
Byte 1
Byte 2
Byte 3
Byte 4
Byte 5
Byte 6
Byte 7
Byte 8
Byte 9
Byte 10
Byte 11
Byte 12
Byte 13
Byte 14
Byte 15
Byte 16

Data
(18 bytes)

T T T T

|
IR BN R R A B B B

] e | |
(2 bytes)
e

I ]

—
Byte 18
Byte 19

—— —

INTERLEAVING/DE-INTERLEAVING

T

SCRAMBLE/DE-SCRAMBLE

T — e
YA [T [ [ogwEe reo] w¥s |
BITS ! 16 ! 16 l 24 !
FRAME DATA_BLOCKS
HEAD (0 TO 32)
e »
—>
FRAME
Figure 10 - MX909 Mobitex System Data Format
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Modem/pController Interaction

In general, data is transmitted over-air in the form of
messages, or 'Frames', consisting of a 'Frame Head'
optionally followed by one or more formatted Data Blocks.

The Frame Head includes a Frame Synchronization
pattern designed to allow the receiving modem to identify
the start of a frame. The following data blocks are
constructed from the 'raw' data using a combination of
CRC (cyclic redundancy checksum) generation, Forward
Error Correction (FEC) coding, Interleaving and
Scrambling.

To reduce the processing load on the host uController,
the MX909 has been designed to perform as much as
possible of the computationally intensive work involved in
Frame formatting and de-formatting and, when in receive
mode, in searching for and synchronizing onto the Frame
Head.

In normal operation the modem will only require

MX909

servicing by the pController once per received or
transmitted data block. Thus, to transmit a block, the
controlling pController has only to load the unformatted
(raw) binary data into the modem's data buffer then
instruct the modem to format and transmit that data. The
modem will then calculate and add the CRC bits as
required, encode the result with FEC coding, interleave
then scramble the bits before transmission.

In receive mode, the MX909 modem can be instructed
to assemble a block's worth of received bits, de-scramble
and de-interleave the bits, check and correct (using the
FEC coding) and check the resulting CRC before placing
the received binary data into the Data Buffer for the
pController to read. The MX909 modem can also handle
the transmission and reception of un-formatted data; to
allow for example, the transmission of special Bit and
Frame Synchronization sequences or test patterns.

Register Selection

The MX909 modem appears to the programmer as 4 write-only 8-bit registers shadowed by 3 read-only
registers. Individual registers are selected by the A, and A inputs; see Read and Write cycle timing diagrams

(Figure 24).
A1 AO
. 0 0
Table 1 - Register Selection 0 1
1 0
1 1

Write to-Modem Read from Modem
Data Buffer Data Buffer
Command Register Status Register
Control Register DQ Register
Mode Register not used

Data Buffer

An 18-byte read/write buffer which is used to transfer data (as opposed to Command, Status, Mode,
Data-Quality and Control information) between the modem and the controlling pController.

The Data Buffer appears to the pController as a single 8-bit register; the modem ensures that sequential
pController ‘read’ or ‘write’ actions to the buffer are routed to the correct locations within this buffer.

The pController should only access this buffer when the Status Register BFREE (Buffer Free) bit is at a logic
‘1", The buffer should only be written to while in the TX mode and read from in the RX mode (except when loading
Frame Sync detection bytes in the RX mode). See Figure 24 for data Read/Write Timing information.

Command Register

Writing to this register instructs the modem to perform a specific action or actions, depending upon the setting

of the TASK, AQLEV, and AQBC bits (see Figure 11/Table 1).

 Command Register

716

Figure 11 - The Command

5 4

Register

' f_: = ; B

T T Ll

|
“Reserved S
set10000

When it has no action to perform (but is not powersaved), the modem will be in an idle state, and if it is in the

TX mode the input to the TX (Lowpass) Filter will be connected to V

BIAS®

When it has no action to perform in the RX mode the modem will continue to measure the received data quality
and extract bits from the received signal, feeding them into the De-Interleave Buffer, but will otherwise ignore

the received data.

MX-COM, INC.

Page 79




MX909

Programming Information ......
S i : ‘ - e

Page 80

Acquire Bit Clock: This bit has no effect in the TX mode.
In the RX mode, whenever a byte with the AQBC bit set to logic ‘1’ is written to the Command
Register, it initiates an automatic sequence designed to achieve bit-timing synchronization with
the received signal as quickly as possible. This involves setting the Phase Locked Loop of the
received bit-timing extraction circuits to their widest bandwidth, then gradually reducing the
bandwidth as timing synchronization is achieved, until it reaches the ‘normal’ value set by the
PLLBW bits of the Control Register.
Setting this bit to logic ‘0’ (or changing it from ‘1’ to ‘0’) has no effect. Note that the acquisition
sequence will be re-started every time that a byte written to the Command Register has the
AQBC bit set to logic “1°.
The AQBC bit will normally be set at the same time as an SFS (Search for Frame Sync) or
SFH (Search for Frame Head) task, however it may also be used independently to re-establish
clock synchronization quickly after a long fade. Alternatively, an SFS or SFH task may be
written to the Command Register with the AQBC bit at logic ‘0’ if it is known that clock
synchronization does not need to be re-established.

More details of the Bit Clock Extraction Sequence are given in the Operational Information
section of this Data Sheet

Acquire Receive Signal Levels: This bit has no effect in the TX mode.

In receive mode, whenever a byte with the AQLEV bit set to a logic ‘1* is written to the Command
Register, it initiates an automatic sequence designed to measure the amplitude and DC offset of
the received signal as rapidly as possible. This sequence involves setting the measurement circuits
to respond quickly at first, then gradually increasing their response time -improving the
measurement accuracy- until the 'normal' value set by the LEVRES bits of the Control Register is
reached. See Figure 12.

Setting this bit to a logic ‘0’ (or changing it from 1’ to ‘0’) has no effect; note that the acquisition
sequence will be re-started every time that a byte written to the Command Register has the AQLEV
bit set to a logic ‘1".

The AQLEYV bit will normally be set at the same time as an SFS (Search for Frame Sync) or SFH
(Search for Frame Head) task is initiated, however it may also be used independently to re-establish
signal levels quickly after a long fade. Alternatively, a SFS or SFH task may be written to the
Command Register with the AQLEV bit at logic ‘0’ if it is known that there is no need to re-establish
the received signal levels. Refer to the Clock Extraction (Operational Information section) notes.

These bits should each be set to a logic ‘0.

Task: Operations such as transmitting a data block are treated by the modem as 'tasks'.
Information on Task functions is given on the following pages. A task is initiated when the
pController writes a byte to the Command Register with the Task bits set to anything other than the
‘NULL' (0’ ‘0’ ‘0’) code.

The pController should not write a task (other than NULL or RESET) to the Command Register
or write to or read from the Data Buffer if the BFREE (Buffer Free) bit of the Status Register is a
logic '0".

Different tasks apply in receive and transmit modes.

TX Mode: Alltasks other than NULL, RESET and TSO instruct the modem to transmit data from
the Data Buffer, formatting it as required. For these tasks the pController should wait until the
BFREE (Buffer Free) bit of the Status Register is a logic '1', before writing the data to the Data Buffer,
then it should write the desired task to the Command Register. If more than 1 byte needs to be
written to the Data Buffer, byte number '0" of the block should be written first.

Once the byte containing the desired task has been written to the Command Register, the
modem will: Set the BFREE (Buffer Free) bit of the Status Register to a logic ‘0", take the data from
the Data Buffer as quickly as it can -transferring it to the Interleave Buffer for eventual transmission.
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B2 Task: ...... This operation will startimmediately if the modem is 'idle’ (i.e. not transmitting data from
B1 a previous task), otherwise it will be delayed until there is sufficient room in the Interleave Buffer.
BO Once all of the data has been transferred from the Data Buffer the modem will set the BFREE and
TASK ...... IRQ bits of the Status Register to a logic '1', (causing the IRQ output to go low if the IRQEN bit of

the Mode Register has been set to a logic '1') to tell the pController that it may write new data and
the next task to the modem.

In this way the pController can write a task -and the associated data- to the modem while the
modem is still transmitting the data from the previous task.

RX Mode: The pController should wait until the BFREE bit of the Status Register is a logic
'1', then write the desired task to the Command Register. Once the byte containing the desired
task has been written to the Command Register, the modem will:

Set the BFREE bit of the Status Register to a logic '0'".

Wait until enough received bits are in the De-Interleave Buffer.

Decode them as needed, and transfer any resulting data to the Data Buffer.

Then the modem will set the BFREE and IRQ bits of the Status Register to logic '1', (causing
the IRQ output to go low if the IRQEN bit of the Mode Register has been set to a logic '1') to
tell the pController that it may read from the Data Buffer and write the next task to the modem.
If more than 1 byte is contained in the Data Buffer, byte number '0' of the data will be read first.

In this way the pController can read data and write a new task to the modem while the
received bits needed for this new task are being stored in the De-Interleave Buffer. The above
is not true for loading the Frame Sync detection bytes (LFSB); the bytes to be compared with
the incoming data must be loaded prior to the task bits being written. Detailed timings for the
various tasks are given in later sections.

Rx In : | for Task 1 ] for Task 2
iRQ Output I

(IRQEN = 1) —I— L
Status Register IRQ Bit l _Jr
Status Register BFREE Bit |— ' 1

Task from pC to Command Register m Task 1 l Task 2

Data from Data Buffer to mC mmm Task 1 data

Figure 12 - The Receive Process

Data from pC to Data Buffer M Task 1 data B Task 2 data

Task and/or Commands from uC . I
to Command Register

Status Register BFREE Bit —
Status Register IRQ Bit _Ji_ _I’-_
L

e L

™ow . | from Task 1 [ from Task 2 {
Figure 13 - The Transmit Process

MX-COM, INC. Page 81



MX909

Programming Information ......

Modem Tasks in Detail
The following describes the setting and format of the Command Register ‘task’ bits (bits 2, 1 and 0). Note
that before a task is programmed the TX/RX bit in the Mode Register must be set to the required level.

0 0 0 NULL NULL

0 0 1 SFH Search for Frame Head T7H Transmit 7 Byte Frame Head

0 1 0 RS3H Read 3 Byte Frame Head Reserved T,

0 1 1 RDB Read Data Block TDB Transmit Data Block

1 0 0 SFS Search for Frame-Sync TQB Transmit 4 Bytes

1 0 1 RSB Read Single Byte TSB Transmit Single Byte

1 1 0 LFSB Load Frame-Sync Bytes TSO Transmit Scrambler Output

1 1 1 RESET Cancel any Current Action RESET Cancel any Current Action
Table 2 Modem Task Allocations

No Effect. This task is provided so that an AQBC or AQLEV (Command Register) command can
be initiated without loading a new task.

Search for Frame Head. Causes the modem to search the received signal for a valid Mobitex
Frame Head. The Frame Head will consist of a 16-bit Frame Sync followed by control data which
has no uncorrectable errors (see Figure 10, Data Format). The search will continue until a valid
Frame Head has been found, or until the RESET task is loaded. The search is carried out by the
modem in 3 stages:

1 Attempt to match the incoming bits against the previously programmed (task LFSB) 16-bit
Frame Sync pattern (allowing up to any one bit (of 16) in error).

2 When a match has been found, the modem will read the next 3 received bytes as Frame
Head bytes; these bytes will be checked using the FEC bits. If the FEC indicates
uncorrectable errors (Status Register) the modem will resume the search, looking for a new
Frame Sync pattern.

3 If the received bytes are error free or correctable, BFREE and IRQ bits (Status Register)
are setto a logic ‘1’ and the CRCFEC bit set to a logic ‘0’; the two corrected (by the modem)
Frame Head Control Data bytes are then placed into the Data Buffer.
The MOBAN bit (Mobile or Base) in the Status Register will be set according to the polarity
of the 3 bits that preceded the Frame Sync pattern.

On detecting that the BFREE bit of the Status Register has gone to a logic ‘1’, the pController should
read the 2 Frame Head control data bytes from the Data Buffer and then write the next task to the
modem’'s Command Register.

Read 3 Byte Frame Head. This task, which would normally follow an SFS task, will cause the
modem to place the next 3 bytes directly into the Data Buffer and, concurrently, check those 3 bytes
as Frame Head Control Data bytes; the modem will set the CRCFEC bit to a logic ‘1’ (high) if errors
are detected. Note: This task will not correct any errors. The BFREE and IRQ bits of the Status
Register will be set to a logic ‘1’ when the task is complete; this is to indicate that the yController
may read the data from the Data Buffer and write the next task to the Command Register. The
CRCFEC bit in the Status Register will be set according to the validity of the received FEC bits.

Read Data Block. Causes the modem to read the next 240 bits (see Data Formats -Mobitex Frame
and Data Structures) as a Mobitex data block. This task will de-scramble and de-interleave the
received bits, FEC correct and CRC check the resulting 18 data bytes placing them in the Data
Buffer. When the task is complete the BFREE and IRQ bits of the Status Register are set to a logic
‘1’ to indicate that the pController may read the data from the Data Buffer and write the next task
to the Command Register. The CRCFEC bit in the Status Register will be set according to the
outcome of the CRC check. Note that in the receive mode the checksum circuits are initialized
(ready for operation) on completion of any task other than NULL.
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SFS Search for Frame Sync. Intended for special test and monitoring purposes, this task performs
the first part only of an SFH task. It causes the modem to search the received signal for a 16-
bit sequence which matches the previously programmed Frame Sync pattern (allowing up to
any one bit (in 16) in error). When a match is found the modem will set the BFREE and IRQ
bits of the Status Register to a logic ‘1’ and update the MOBAN bit. The pController may then
write the next task to the Command Register.

RSB Read Single Byte. This task, which is intended for special tests and channel monitoring -
perhaps preceded by an SFS task, causes the modem to read the next 8 bits and translate them
directly (without de-interleaving or FEC) to an 8-bit byte which is placed into the Data Buffer
(B7 will represent the earliest bit received). The BFREE and IRQ bits of the Status Register
will then be set to a logic '1' to indicate that the uController may read the data byte from the Data
Buffer and write the next task to the Command Register.

LFSB Load Frame Sync Bytes. This task is unlike other RX tasks in that the Data Buffer must be
loaded (with the 2 Frame Sync bytes) before the task is issued and the task must only be issued
‘between’ received messages; i.e. before the first task for receiving a message and after the
last data is read out of the Data Buffer. It takes 2 bytes from the Data Buffer and loads them
into the MX909's internal Frame Sync pattern store. The MSB of byte 0 represents the first bit
of a received Frame Sync pattern and the LSB of byte 1 is compared to the last bit of a received
Frame Sync pattern that will be looked for when a SFS or SFH task is executing. The LFSB
task itself does not initiate a search for a received Frame Sync pattern.

Once the modem has read the Frame Sync bytes from the Data Buffer, the BFREE and IRQ
bits of the Status Register will be set to a logic ‘1’, indicating that the puController may write the
next task to the modem.

T7H Transmit 7-Byte Frame Head. Takes 6 bytes of data from the Data Buffer, calculates and

i appends 8 bits of FEC from bytes 4 and 5 then transmits the result as a complete Mobitex
Frame Head. Bytes 0 and 1 form the bit -sync pattern, bytes 2 and 3 form the frame-sync pattern
and bytes 4 and 5 are the Frame Head control bytes. Bit 7 of byte 0 of the Data Buffer is sent
first and bit O of the FEC byte last.

Once the modem has read the data bytes from the Data Buffer, the BFREE and IRQ bits of
the Status Register will be set to a logic ‘1’, indicating that the pController may write the next
task and its data to the modem.

TQaB Transmit 4 Bytes. Takes 4 bytes of data from the Data Buffer and transmits them, bit 7 of byte
0 first, bit O of byte 3 last.

Once the modem has read the data bytes from the Data Buffer, the BFREE and IRQ bits of
the Status Register will be set to a logic ‘1’, indicating that the pController may write the next
task and its data to the modem.

TDB Transmit Data Block. Takes 18 bytes of data from the Data Buffer, calculates and applies a
16-bit CRC and forms the FEC for the 18 data bytes and the CRC; the resulting 240 bits are
then interleaved and passed through the scrambler, if enabled, before being transmitted as a
Mobitex Data Block. Note that in transmit mode the CRC checksum circuit is initialized on
completion of any task other than NULL.

Once the modem has read the data bytes from the Data Buffer, the BFREE and IRQ bits of
the Status Register will be set to a logic ‘1’, indicating that the pController may write the next
task data to the modem.

TSO Transmit Scrambler Output. Intended for channel set-up, this task enables the scrambler
and transmits its output (which will be 9-bit pseudo-random). When the modem has started this
task the Status Register bits will not be changed and hence an IRQ will not be raised. The
uController may write data and the next task to the modem at any time and the scrambler output
will stop when the new task has produced its first data. See Mode Register SCREN.
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Stop any Current Action. This 'task’ takes effect immediately, and terminates any current
action (Task, AQBC or AQLEV) the modem may be performing and sets the BFREE bit of the
Status Register to a logic ‘1’, without setting the IRQ bit. RESET should be used when V
is applied to set the modem into a known state. Note that due to delays in the TX Lowpass
Filter filter, it will take approximately 2 bit-times for any change to become apparent at the TX
Out pin.

Transmit Single Byte. Takes a byte from the Data Buffer and transmits the 8 bits, bit 7
first. Once the modem has read the data byte from the Data Buffer, the BFREE and IRQ
bits of the Status Register will be set to a logic ‘1’, indicating to the uController that it may
write the next task and its data to the modem.

Lowpass Filter Delay

The Task Timing figures detailed in Table 2 are based upon: the signal at the input to the TX lowpass Filter
in the transmit mode, or the signal at the input to the de-interleave circuits in the receive mode. As can be
seen from the diagram in Figure 14, there is an additional delay of approximately 2 (two) bit-times in both TX
and RX modes due to the (TX/RX) Lowpass Filter.
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Data to Data Buffer D]
Task to Command Register | B | |2 l 3
o ty W
- >
IBEMPTY Bit | |
BFREE Bit l |
b b :etz |
LS > I <> !
1 1 1 1
Bits to Tx Lowpass Filter_____| from Task 1 | from Task 2 | from Task 3 b

Modem Tx Output

Figure 15 - TX Task Timing Diagram

Modem Rx Input

Bits to De-Interleave Circuit Tor Task 1 T Tor Task 2 T Tor Task 3 }
‘ ts i & i ts |
Data from Data Buffer
Task to Command Register [ | 12 | E
N L
BFREE Bit 1 [ | i L
Figure 16 - RX Task Timing Diagram
Timing | Notes Task Typical (Bit) Time
t Modem in idle state. Time from writing first task to the application of Any 1
the first TX bit to the TX Lowpass Filter.
t, T7H 36
Time from the application of the first bit of the task to the TX Lowpass TQB 24
Filter until BFREE goes to a logic ‘1’ (high). TDB 20
TSB 1
T7H/SFH 56
tg Time to transmit all bits of the task. TQB 32
or R3H 24
Time to receive all bits of the task TDB/RDB 240
TSB/RSB 8
ty Maximum time allowed from BFREE going to a logic ‘1’ for the next T7H 18
task (and data) to be written to the modem. TQB 6
TDB 218
TSB 6
tg Maximum time between the first bit of the task entering the SFH 14
de-interleave circuit and the task being written to the modem. R3H 18
RDB 218
RSB 6
t, Time from last bit for task entering the de-interleave circuit to BFREE Any 1
going to a logic ‘1"
Table 3 - Typical RX/TX Task Load Timings
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This 8-bit write-only register controls the modem's bit-rate, response times of the receive clock extraction
and signal level measurement circuits and the internal analog filters.

Figure 17 - The Control

Register

Control Register

Table 4 shows how bit-rates of 4000/8000/16000 or 4800/9600/19200 bits per second may be
obtained from common Xtal/clock frequencies. The values of C, and C, should be suitable for
the frequency of the Xtal X,.

For X, < 5.0MHz, C, = C, = 33.0pF; for X, > 5.0MHz, C,= C, = 18.0pF .

Clock Division Ratio: These bits, together with the HI/LO bit, control a frequency divider
driven from the Xtal/clock signal; this ratio and signal input will determine the nominal bit-rate.

High or Low Xtal Range Selection: see Table 4 below.

B5 Xtal/Clock Frequency (MHz)
‘1’ High 8.192 9.8304 4.096 4.9152 2.048 2.4576
(12.288/3) (6.144/3) (12.288/5)
‘0 4.096 4.9152 2.048 2.4576 1.024 1.2288
Low (12.288/3) (6.144/3) | (12.288/5)
B7 | B6 | Division Ratio:
Xtal/Clock Data Rate (bits per second)
Data Rate
0 0 256 (128 16000 19200 8000 9600
0 1 512 |256 16000 19200 8000 9600 4000 4800
1 0 1024 1512 8000 9600 4000 4800
1 1 2048 | 1024 4000 4800

Table 4 - Clock/Data Rates

Note that device operation is not guaranteed or specified above 19.2 kbps or below 4 kbps

Page 86

Data Rate: Employed in both RX and TX, this bit optimizes the modem's internal signal filtering
circuitry to the relevant bit-rate.

For bit-rates above 10 kbps this bit (B4) should be set to a logic ‘1’, for bit-rates at or below
10kbps set to a logic ‘0.

Level Measurement Response Time: These bits are only used in the RX mode and have
no effect in the TX mode; they set the ‘normal’ response time of the RX signal amplitude and
DC offset measuring circuits. This setting will be temporarily overriden by the automatic
sequence of an AQLEV command. See Table 5.

For Mobitex systems, and most general-purpose applications using this modem, these bits
should be set to ‘Peak Averaging’, except when the pController detects a receive signal fade,
when ‘Hold’ should be selected.
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B3, B2 ......

LEVRES LEVRES ......: The ‘Lossy Peak Detect’ setting is intended for systems where the uController
cannot detect signal fades or the start of a received message; this setting allows the modem
to respond quickly to fresh messages and recover rapidly after a fade without pController
intervention -this however will be at the cost of reduced Bit-Error-Rate vs Signal-to-Noise
performance.

Note that as the measured levels are stored on capacitors C, and C, via pins Doc 1 and Doc
2, these levels will decay gradually towards V. when the ‘Hold’ setting is used; the discharge
time-constant is approximately 2000 bit-times. Table 4 details bit-setting application.

B3 B2 Setting Action

0 0 Hold Keep current values of amplitude and offset
0 1 Peak Averaging Track input signal using bit peak averaging

1 0 Peak Detect Track input signal using peak detection

1 1 Lossy Peak Detect Track input signal using lossy peak detection
Table 5

B1, BO PLL Bandwidth: For use in the RX mode only (no effect in TX).

PLLBW In the receive mode these two bits set the ‘normal’ bandwidth of the RX Clock Extraction phase
locked loop circuit to allow for RX and TX Xtal tolerances. This setting will be temporarily
overridden by the automatic sequence of an AQBC (Command Register Bit 7) command.

B1 BO PLL Bandwidth (+ppm) Note

0 0 0 (Hold) For use during signal fades
0 1 30

1 0 250

1 1 50,000

Table 6

The minimum bandwidth consistent with the RX and TX modem bit-rate tolerances should be
chosen; e.g. if the Xtals used with both modems have accuracies of +100ppm, the PLLBW bits
(B1, BO) should be set to ‘1’, ‘0.

The very wide bandwidth (‘1°, ‘1°) is intended for systems where the pyController cannot detect
signal fades or the start of a receive message; it allows the modem to respond rapidly to fresh
messages and recover rapidly after a fade without pController intervention. This action
however is at the expense of reduced Bit-Error-Rate vs Signal-to-Noise performance.

Note that PLL bandwidth figures are intended for ‘a reasonably random received signal.’

LEVRES | Any new setting written to the Control Register will be implemented immediately regardiess

and of any acquisition sequence; any acquisition sequence in progress will be cancelled.
PLLBW e.g. Changing B1 or BO wili set the PLL to the new setting and cancel an AQBC sequence
Operational if running. The AQLEV sequence, if running, will continue as normal (and vice versa).
Notes Thus if an acquisition sequence is to be started using different ‘normal’ settings, then the new

settings must be written before triggering the acquisition sequence.

See the Operational Information section of this Data Bulletin for further details.
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This 8-bit write-only register controls the basic operating modes of the modem.

Figure 18 - The Mode

Register

5 4,3 2

INVBIT Tx/Rx SCREN PSAVE DQEN

~ Mode Register

IRQEN

VeI
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IRQ Output Enable: When set to a logic ‘1’ the Interrupt Request output will be pulled low
(to V) whenever the IRQ bit (BIT 7) of the Status Register is set by the modem to a logic ‘1’
When set to a logic ‘0’ the Interrupt Request output will not function and will remain in its high-
impedance state (see Pin Functions and Figure 7 - yController Interface).

Invert Bits: When set to a logic ‘1’, all data (sense) voltages to and from the modem's RX and
TX paths are inverted.

For example:
B6 TX/RX Logic ‘1’ TX/RX Logic ‘0’
‘0 High (above V,,;)  Low (below V)
1 Low (below V,, ) High (above V)

Data will be affected immediately after B6 is set and so this bit should not be changed whilst
the modem is decoding or transmitting data. This bit only operates on data bits, there is no
effect upon functional logic inputs.

TX/RX Mode: When set to a logic ‘1’ places the modem in the Transmit mode; when set to
a logic ‘0’ places the modem in the Receive mode. To allow the lowpass filter to stabilize, when
changing from RX to TX there must be a 2 bit pause before setting a new task. Note that
changing between Transmit and Receive modes will cancel any current task.

Scramble Enable: Setting this bit to a logic ‘1’ enables data scrambling; setting it to a logic
‘0’ disables scrambling. The scrambler only takes effect during the transmission or reception
of a Mobitex Data Block (see Figure 10 -System Data Format) and during TSO (Transmit
Scrambler Output) task. The scrambler is only operative if enabled by B4, during TSO, RDB
or TDB (see Modem Tasks), it is held in the reset state at all other times. This bit should not
be changed while the modem is decoding or transmitting a Mobitex Data Block.

Powersave: When set to a logic ‘1’ this bit places the modem in its Powersave mode. In this
mode the following circuits only are disabled: Internal Filters, RX Level and Clock Extraction
Circuits and the TX Output Buffer; the TX Out pin is connected to V. through a high-value
resistance. Xtal oscillator circuits and the pController Interface logic continue to operate. When
set to a logic ‘0’ restores power to all of the device circuitry and the modem is in its operational
mode. Note that the internal filters will take about 2 bit-times to settle after this bit is taken from
a logic ‘1" to ‘0’. Note that RX-bit and levels will be lost if the Powersave mode is selected.

Data Quality IRQ Enable: For use in the RX mode only (no effect in TX).

In the RX mode, setting this bit to a logic ‘1’ causes the IRQ bit (of the Status Register) to be
set to a logic ‘1’ whenever a new Data Quality reading is ready; the DQRDY bit of the Status
Register will also be set to a logic ‘1’ at the same time.

These bits should be set to a logic ‘0.
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Status Register
This register may be read by the pController to determine the current state of the modem.

Status Register

7. 6 5 43 2 10
| | | |

BFREE DIBOVF DQRDY Reserved
IRQ IBEMPTY CRCFEC MOBAN

Figure 19 - The Status
Register

!
Status Register

B7 Interrupt Request: This bit is set to a logic ‘1’ by:
IRQ
The Status Register BFREE bit going from a logic ‘0’ to ‘1’, unless this transition is
caused by a RESET Task or by a change to the Mode Register's PSAVE or TX/RX bits.
or
The Status Register IBEMPTY bit going from a logic ‘0’ to ‘1’, unless this transition is
caused by a RESET Task or by a change to the Mode Register's PSAVE or TX/RX bits.
or
The Status Register DQRDY bit going from a logic ‘0’ to ‘1’ (if DQEN = ‘1’).

or
The Status Register DIBOVF bit going from a logic ‘0’ to ‘1°.

This (IRQ) bit is cleared to a logic ‘0’ immediately after a read of the Status Register. If the
IRQEN bit of the Mode Register is a logic ‘1’, the MX909 IRQ output pin will be pulled low (to
V) whenever the Status Register IRQ bit is a logic ‘1".

B6 Data Buffer Free: BFREE reflects the availability of the Data Buffer; BFREE is cleared to a
BFREE logic ‘0’ (Buffer NOT Free) whenever a task other than NULL, RESET or TSO is written to the
Command Register.

In Transmit mode, the BFREE bit will be set to a logic ‘1’ (setting the Status Register IRQ bit
to a logic ‘1) when the modem is ready for the pController to write new data to the Data Buffer
and the next task to the Command Register.

In Receive mode, the BFREE bit is set to a logic ‘1’ (setting the Status Register IRQ bit to a
logic ‘1) when it has completed a task and any data associated with that task has been placed
into the Data Buffer. The pController may then read that data and write the next task to the
Command Register.

The BFREE bitis also setto a logic ‘1’ -but without setting the IRQ bit- by a RESET task or when
the Mode Register PSAVE or TX/RX bits are changed.

B5 Interleave Buffer Empty: In Transmit mode, IBEMPTY is set to a logic ‘1’ (also setting the
IBEMPTY | IRQ bit) when less than two bits remain in the Interleave Buffer. Any transmit task written to
the modem after IBEMPTY goes to a logic ‘1’ will be too late to avoid a gap in the transmit output
signal (see Figure 15 and Table 3, TX Task Timing)

IBEMPTY is also set to a logic ‘1’ by a RESET task and by a change of the Mode Register
PSAVE or TX/RX bits, but in these cases the IRQ bit will not be set.

IBEMPTY is cleared to a logic ‘0’ by writing a task other than NULL, RESET or TSO to the
Command Register.

Note that when the modem is in the transmit mode and the Interleave Buffer is empty, a mid-
level (V) voltage will be fed to the TX Lowpass Filter.

In Receive mode this bit is a logic ‘0.
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De-Interleave Buffer Overflow: In Receive mode DIBOVF is set to a logic ‘1’ (also setting
the IRQ bit) when a task is written to the Command Register too late to allow continuous
reception (see Figure 16 and Table 3, RX Task Timing).

DIBVOF is cleared to a logic ‘0’ by reading the Status Register, by writing a RESET task to the
Command Register or by changing the PSAVE or TX/RX bits of the Mode Register.
In Transmit mode this bit is a logic ‘0’.

CRC or FEC Error: In Receive mode CRCFEC will be updated at the end of a Mobitex Data
Block task, after checking the CRC, and at the end of receiving Frame Head control bytes, after
checking the FEC.

Alogic ‘0’ indicates that the CRC was received correctly or that the FEC found no uncorrectable
errors. Alogic ‘1’ indicates that errors are present. CRCFEC is cleared to alogic ‘0’ by a RESET
task, or by changing the PSAVE or TX/RX bits of the Mode Register.

In Transmit mode this bit is a logic ‘0’.

Data Quality Reading Ready: In Receive mode DQRDY is set to a logic ‘1’ whenever a Data
Quality reading has been completed (see Figure 20, data quality graph). DQRDY is cleared
to a logic ‘0’ by a read of the Data Quality Register, or by changing the PSAVE or TX/RX bits
of the Mode Register.

Mobile or Base Bit-Sync Received: In Receive mode the MOBAN bit is updated at the end
of the SFS and SFH tasks. MOBAN is set to a logic ‘1’ whenever the 3 bits immediately
preceding a detected Frame Sync are ‘0" ‘1’ ‘1’ (received left to right), with up to any one bit
in error.

MOBAN is set to a logic ‘0’ if the bit pattern is ‘1’ ‘0’ ‘0’, again with up to any one bit in error.
Thus if this bit is set to a logic '1' then the received message is likely to have originated from
a mobile station, and if set to a logic '0' the call is likely to have originated from a base station.
The Data Formats section of this document describes the different mobile and base sync
structures.

In Transmit mode this bit is a logic ‘0’.

This bit is always set to a logic '0'".
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The Data Quality Register

The information presented in this 8-bit register is intended to indicate the quality of the receive signal during a
Mobitex Data Block or 30 single bytes.

In Receive Mode, the modem measures the quality of the received signal by comparing the actual received zero-
crossing time against an internally generated time. This value is averaged over 240 bits and at the end of the
measurement the Data Quality Register and the Data Quality Reading Ready (DQRDY) bit in the Status Register are
updated. An interrupt will only occur at this time if the DQEN bit in the Mode Register = logic '1'.

In Transmit Mode all bits are set to a logic ‘0".

To provide synchronization with Data Blocks, and thereby ensure that the DQ Register is updated ready to be read
when the RDB task finishes, the measurement process is reset at the end of Tasks SFH, SFS, RDB and R3H.

Figure 20 shows how the value (0 - 240) read from the Data Quality Register varies with received signal-to-noise
ratio.
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Figure 20 - Typical Data Quality Reading vs RX Signal-to-Noise Ratio (calculated for noise in a bit-rate
bandwidth)
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MX909 Registers
The following diagram is a quick-reference to MX909 register allocations.

Register Selection
Write to Modem A A Read from Modem
Data Buffer 0 0 Data Buffer
Command Register 0 1 Status Register
Control Register 1 0 DQ Register
Mode Register 1 1 not used
Command Register Control Register
[716][5/4[3/2[1]0] [716[5/4]3[2]1/0]
T T 71 [T ] [I—
acbe AaEy st 259 o K KDV HAO DARA  LEWRES PLLBW
AQBC - Acquire Bit Clock CKDIV - Clock Division Ratio
AQLEV - Acquire Receive Signal Levels B7 B6 B5=1 B5=0
TASK: 0o o0 256 128
B2 B1 B0 RX Mode o 1 512 256 Xtal
0 0 O NULL 1 0 1024 512 Bit-Rate
0 0 1 SFH Search For Frame Head 1 1 2048 1024
0 1 0 R3H Read 3-byte Frame Head HI/LO - High or Low Xtal Range Selection
0 1 1 RDB Read Data Block DARA - Data Rate
1 0 0 SFS Search For Frame Sync LEVRES - Level Measurement Response Time
1 0 1 RSB Read Single Byte B3 B2
1 1 0 LFSB Load Frame Sync Bytes 0 0 Hold
1 1 1 RESET 0 1 Peak Averaging
B2 B1 B0 TX Mode 1 0 Peak Detect
0 0 O NULL 1 1 Lossy Peak Detect
0 0 1 T7H Transmit 7-Byte Frame Head PLLBW - PLL Bandwidth
010 Reserved B1 BO Bandwidth (+/- ppm)
0 1 1 TDB Transmit Data Block 0 0 0 (Hold)
1 0 0 TQB Transmit 4 Bytes 0 1 30
1 0 1 TSB Transmit Single Byte 1 0 250
1 1 0 TSO Transmit Scrambler Output 1 1 50,000
1 1 1 RESET
Mode Register Status Register
(7 6[5[4/3]2[110] (716]51413]2[1]0]
T ’ | ‘ | | 1 !
IRGEN INVBIT ~ TXRX SCREN PSAE DQEN  Reserved BFREE DIBOW DRRDY Reserved
set fo 0 0 RQ IBEMPTY CRCFEC MOBAN
IRQEN - IRQ Output Enable IRQ - Interrupt Request
INVBIT - Invert Bit BFREE - Data Buffer Free
TX/RX - Transmit or Receive Mode IBEMPTY- Interleave Buffer Empty
SCREN - Scramble Enable DIBOVF - De-Interleave Buffer Overflow
PSAVE - Powersave CRCFEC - CRC or FEC Error
DQEN - Data Quality IRQ Enable DQRDY - Data Quality Reading Ready
MOBAN - Mobile or Base Bit-Sync Received
Figure 21 - Ready-Use Guide to Register Functions
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Cyclic Redundancy Code (CRC)
A 16-bit CRC code is used in the Mobitex Data
Block.

In Transmit Mode the CRC is calculated by the
modem from the 18 data bytes (see Figure 10, Mobitex
System Data Format) using the following generator
polynomial:

g(x) =x"®+x2 + x5+ 1 [cerrT]

This code detects all (single) error bursts of up to 16
bits in length and about 99.998% of all other error
patterns.

The CRC Registerisintialized to all logic '1's and the
CRC is calculated octet by octet starting with the LSB
of byte 0. The CRC calculated is bit-wise inverted and
appended to the data bytes with the MSB transmitted
earliest.

In Receive Mode a 16-bit CRC code is generated
from the 18 data bytes of each Mobitex Data Block as
described above and the bit-wise inverted value is
compared with the received CRC bytes, if a mis-match
is present then an error has been detected.

MX909

Forward Error Correction (FEC)

In Transmit Mode, during T7H and TDB, the modem
generates a 4-bit Forward Error Correction code for each
coded byte.

The FEC is defined by the following H matrix:

DATA BYTE FEC
MSB LSB MSB LSB
7 6 54 3 210 3210
11101 100 1000
H=|1 1 0 1 0 0 1 1 0100
t o111 010 0010
o1 1t 10101 0001

Generation of the FEC consists of logically ANDing
the byte to be transmitted with bits 7 to 0 of each row of
the H matrix. Even parity is generated for each of the 4
results and these 4 parity bits, in the positions indicated
by the last 4 columns of the H matrix, form the FEC code.

Receive Mode: In checking the FEC the received 12-
bit word is logically ANDed with each row of the H matrix
(earliest bit received compared with the first column).
Again even parity is generated for the 4 resulting words
and these parity bits form a 4-bit nibble. If this nibble = 0
then no errors have been detected. Other results ‘point’
to the bit in error or indicate that uncorrectable errors
have occured.

This code can correct any single error that has
occured in each 12-bit (8 data + 4 FEC) section of the
message.

Example of FEC Generation

If the byte to be coded is ‘00101 10 0’, then the FEC is derived as follows:

H Matrix Row

1

2

3

4

A

B
A ‘AND’ B
Even Parity

11101100

00101100

00101100
1

11010011

00101100

00000000
0

10111010

00101100

00101000
0

01110101

00101100

00100100
0 -

With reference to the table above, Row A is bit 7 to 0 of one row of the H matrix and Row B is the byte to
be coded. The Even Parity bits refer to the result of ‘A” AND ‘B’.

Therefore the word formed willbe: ‘00101100
When the same process is carried out on these 12 bits (‘00101100

each H matrix row, the resulting parity bits will be ‘0 0 0 0°.

MX-COM, INC.

1000 -sent left to right.
100 0°), using all 12 bits of

Page 93



MX909

Operational Information ......

Interleaving

The 240 bits of a Mobitex Data Block are interleaved
by the modem before transmission to give protection
against noise bursts and short fades. Interleaving is
not performed on any bits in the Mobitex Frame Head.

Considering the 240 bits to be numbered sequentially
before interleaving as 0 to 239 (0 = bit 7 of byte 0, 11
= bit 0 of the FEC for byte 0, and ,239 = bit 0 of the
FEC for byte 19), then they will be transmitted as
shown in Figure 22.

INPUT DATA
IR AR IR
| INPUT_DATA [ RESULTING FEC
7 6 5 4 3 2 1 0 3 2 1 0
loaded first - Byte 0 o 1 2 3 4 5 6 7 8 9 10 M
Byte 1 12 13 14 15 16 17 18 19 20 21 22 23
Byte 2 (24 25 26 27 28 29 30 31 32 33 34 35
Byte 3 |36 37 38 39 40 41 42 43 44 45 46 47
Byte 4 |48 49 50 51 52 53 54 55 56 57 58 59
Byte 5 |60 61 62 63 64 65 66 67 68 69 70 71
Byte 6 |72 73 74 75 76 77 78 79 80 81 82 83
Byte 7 |84 8 86 87 83 89 90 91 92 93 94 95
Byte 8 |96 97 98 99 100 101 102 103 104 105 106 107
Byte 9 |108 109 110 111 112 113 114 115 116 117 118 119
Byte 10 {120 121 122 123 124 125 126 127 128 129 130 131
Byte 11 |132 133 134 135 136 137 138 139 140 141 142 143
Byte 12 (144 145 146 147 148 149 150 151 152 153 154 155
Byte 13156 157 158 159 160 161 162 163 164 165 166 167
INTERLEAVED 10 Byte 14 168 169 170 171 172 173 174 175 176 177 178 179
LOWPASS :FUH_ITE' UR' Byte 15|180 181 182 183 184 185 186 187 | 188 189 190 191
Byte 16 (192 193 194 195 196 197 198 199 | 200 201 202 203
loaded last - Byte 17 {204 205 206 207 208 209 210 211 212 213 214 215
CRC Byte 18 (216 217 218 219 220 221 222 223 | 224 225 226 227
CRC Byte 19 (228 229 230 231 232 233 234 235 236 237 238 239
o[ o |1 | F2 b 14 Fs | Fe |7 189 |fwo]fn
12 13 14 15 16 17 18 19 20 21 22 23
24 25 26 27 28 29 30 31 32 33 34 35
36 a7 38 39 40 a4 v 43 44 45 46 47
48 29 50 51 52 53 54 55 56 57 58 59
60 61 62 63 64 65 66 67 68 69 70 71
72 73 74 75 76 77 78 79 80 81 82 83
84 85 86 87 88 89 90 91 92 93 94 95
9% 97 98 99 100 | || 100 102 ||| 103 ||| 10af(]05f]|]|106]]]107
8 | [|wo ||| o] m 2 [ vs | nal||ns ||| ne|]]| 17 ne | || 1o
120 | || 121 122 | [| 123 ||| 12a ||| 125 ||| 126|127 ||| 128 ||| 129]]]130]]] 181
132 | ({133 ||| 13al||ss ||| aefl}a7||]w3e|||weo]|]|]|0]]] 14 2 ) ] 83
144 145 146 147 148 149 150 151 152 153 154 155
16 ||| 157 ||| 188 ||| 159 ||| 160 | ] 161 162 || {163 ||| 1ea|[]es || ] 166 ][] 167
168 | [ 6o ||| 10|17 w2 ||| e s || e 7)) | s ||| 179
180 | || 181 182 183 184 | || 185 || 186 ||| 187 ||| 188 189 ||| 190 | || 191
192 | [| 193 ||| voa ||| o5 ||| 196 || |197 ||| 198 ||| 199]]]z200]]][201 202 | || 203
204 | || 205 ||| 206 | ||207||]208]||209]|||210]]]211]|]|212]||218]]|]214]]]215
216 | | {217 ||| 218] ] 219] || 220 || 221 ||| 222 ||| 223 ||| 224 ||| 225]|]|]|226]]] 227
LAST OuT

208 | | 1200 || 1230 ||| 231 {|232|||233|||23a]||235]{]236]||]237|]|]238]]] 239

R S Y A N (N N N SN N S N SN S IR SN NN SO B S

Figure 22 - Interleaving - Input/Output

Scrambling

The Mobitex Data Block may be transmitted or
recieved as scrambled information in accordance with
the setting of the Scramble Enable bit (Mode Register
SCREN).

All formatted bits of a Mobitex Data Block are passed
through a 9-bit scrambler. This scrambiler is initialized at
the beginning of the first data block in every frame.

Page 94

The 511-bit sequence is generated with a 9-bit shift
register with the output of the 5th and 9th stages being
Exclusive OR'd and fed back to the input of the 1st
stage. The scrambler is enabled when SCREN = logic
‘1’ or when the Transmit Scrambler Output (TSO) task
is selected but disabled during all others.
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“Receive (Mobitex) Frame” Example
If the MX909 is required to receive a Mobitex Frame, assuming that the device starts from a powersave
state, the following sequences of control and data will have to be issued:

. powe(SaVed
k= required

RESET Mode
App\'\ed;\faes’ CREN s

PSAVE =0’

MX909 out of Powersave, Set to RX TX/RX ="0'

Command
AQLEV =71

2 bits after carrier detect, set level acquisition and bit clock extraction AQBC =1’

Data Buffer
WRITE 2 Bytes

2 relevant Frame Sync bytes loaded by write to Data Buffer

Command (task)

Load Frame Sync byte task set LFSB

IRQ
Second Frame Sync byte read from Data Buffer by modem Status
... Interrupt. .. BFREE =1’

Command (task)

Search for Frame Head task set SFH

IRQ
Frame Head detected (no uncorrectable errors) Status
...Interrupt . .. MOBAN ="1"/0’
BFREE ="t
Data Buffer

Read out 2 Frame Head control bytes from Data Buffer READ 2 Bytes

Receive Mobitex Data Block task set Command (task)

RDB
Data Block received; CRC calculated IRQ
... Interrupt . .. Status
CRCFEC ="170
BFREE ="1’
Read-out 18 Data Block bytes Data Buffer

READ 18 Bytes

Data Quality Register may be read

DQ Register
READ
OR OR
Last Data Block received; another Frame Head imminently expected Data Buffer
2 relevant Frame Sync bytes loaded to Data Buffer WRITE 2 Bytes —|
OR
OR

|

Command (task)
RDB

Another Data Block expected

If the last data block has been decoded and no more information is imminent, the
task bits do not need to be set; the MX909 will automatically select the idle state.
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“Transmit (Mobitex) Frame” Example
If the MX909 is required to send a Mobitex Frame, assuming that the device starts from a powersave state,
the following sequences of control and data will have to be issued:

T,
MX909 out of Powersave, set to TX fied: Task = F“\‘ESS ARA, Mode -
Voo APPYE 2 SCREN: P ired PSAVE =0
P°we\\;?ilnd haEN as e TX/RX T
CKD! l
A 2 bit pause is required to allow the lowpass filter to stabilize. During this time the 6 Data Buffer
bytes forming the Frame Head may be loaded to the Data Buffer by the uController WRITE 6 Bytes

Transmit Frame Head task set Command (task)

T7H
Last (6th byte) of Frame Head read from Data Buffer by modem IRQ
- - - Interrupt - - - Status
BFREE ="1
Load 18 data bytes into the Data Buffer Data Buffer

WRITE 18 Bytes

Transmit Data Block task set Command (task)
TTB
Last (18th) byte of the loaded data read from the Data Buffer by modem IRQ
- - - Interrupt - - - Status
BFREE ="1
Load data and set tasks as required R i ........
: |
I v
Another Data Block in this current frame is to be transmitted | Data Buffer
'

Load 18 data bytes into the Data Buffer WRITE 18 Bytes

Last Data Block has been transmitted... another frame is to be transmitted v
Transmit Frame Head Data Buffer
6 bytes forming the Frame Head are loaded to the Data Buffer by the pController, WRITE 6 Bytes

followed by a 2-bit pause to allow the Lowpass Filter to stabilize

If the last Data Block has been transmitted and another frame is not to be sent, then
a new task need not be written and the pController can wait for the (Status Register)
IBEMPTY interrupt when, after a few bits pause, to allow for the TX Lowpass Filter
delay, it can shut down the RF circuitry if required.
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Received Signal Acquisition
Level Measurement and Clock Extraction

To achieve reasonable error rates the MX909
modem needs to make accurate measurements of the
received signal amplitude, DC offset and bit-timing.
Accurate measurements, especially in the presence of
noise, are best made by averaging over a relatively
long time period.

In most cases the modem will be used to receive
isolated messages from a distant transmitter that is
only turned on for a very short time before the message
starts; also, the received baseband signal from the
radio’s frequency discriminator will have a DC offset
due to small differences between the receiver and
transmitter reference oscillators and hence their ‘carrier’
frequencies.

To allow for this situation, AQBC and AQLEV
(Acquire Bit Clock and Level) commands cause the
modem to follow an automatic sequence designed to
perform the measurements as quickly as possible.

The complete AQBC and AQLEV sequence is
illustrated in Figure 23; in the described situation the
uController can detect the received carrier and therefore
knows when to issue the AQBC and AQLEV commands.

MX909

Note that due to the delay through the RX low pass filter,
the AQBC and AQLEV sequences should not be started
until about 2-bit times after the RX carrier has been
detected at the discriminator output.

In a system where the controlling pController is not
able to detect the RX carrier, the AQBC and AQLEV
sequences may be started at any time; possibly when no
carrier is being received. However in this case the clock
and level acquisition operation will take longer as the
circuits will have to recover from the change from a large
amplitude noise signal at the output of the frequency
discriminator to the wanted signal, probably with a DC
offset. In this type of system the time between the turn-on
of the transmitter and the start of the Frame Sync pattern
should be extended -preferably by extending the Bit Sync
sequence to 32 or even 48 bits.

Note that the clock extraction circuits work by detecting
the timing of received edges, i.e. a change from ‘0’ to ‘1’
or‘1’to ‘0". They will eventually fail if logic ‘1’s or logic ‘0’'s
aretransmitted continuously. Similarly, the level measuring
circuits require ‘00’ and ‘11’ bit pairs to be received at
reasonably frequent intervals.

1

<

PEAK DETECT

RESIDUAL

AVERAGE {Hold Average or Peak)

Je

AQLEV
SEQUENCE LEVEL EXTRACTION

SETTING

LOSSY PEAK DETECT (if set)
N.B. CLAMP will still operate

LY
A

r‘w

3 cawed

BIT TIMES 0 bits

16 bits. 32 bits

MOBITEX TYPE

BIT SYNC

RX SIGNAL FROM
DISCRIMINATOR

SET AQBC AND AQLEV BITS
TO START ACQUISITION SEQUENCES

FRAME SYNC DETECT

2-BIT DELAY (min.)

REST OF
FRAME SYNC FRAME 2)

GOOD

50,000 : SIGNAL 8,000 Residual

(SFS/SFH) NOT ENABLED *

AQBC
SEQUENCE

FRAME SYNC DETECT

‘ (internal) [ (250/30/0)
>t >

}* _____ s_o'b'its'":-""‘

50,000

(SFS/SFH) ENABLED
FRAME SYNC

50,000 (if set)

FRAME SYNC: 8,000 Residual
DETECT _: (internal) _|(250/30/0)
>« »
“«-----
30 bits

DETECT <«—
(Don’t Care)

when either: {  GOOD signal is detected
2 Frame Sync is set and detected ™

GOOD SIGNAL is determined if the last 4 zero-crossings have been detected as clean. i.e. little jitter
If Frame Sync is not set, then the ’8,000° setting will start

WHICHEVER OCCURS FIRST

The acquisition sequences AQLEV and AQBC can be set independantly and at any time.

If AQBC is set with Frame Sync Detect (SFS) active then the 50,000 setting will continue until Frame Sync
is received, or the PLLBW bits are changed, or the device is reset .

Figure 23 - Bit-Clock and Level Acquisition Example
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Received Signal Acquisition ......

Acquire Receive Signal Levels
AQLEV Command Register

The Acquire Receive Signal Levels (AQLEV)
sequence starts with a measurement of the average
signal voltage over a period of 1 bit-time (CLAMP). If
the LEVRES bits are not set to ‘Lossy Peak Detect’ (‘1’
‘1’) the sequence continues by measuring the positive-
going and negative-going peaks of the signal.

The attack and decay times used in this ‘peak
detect’ mode are such that a sufficiently accurate
measurement can be made within 16 bitsofa ‘11001100
... pattern (i.e the bit-sync sequence) to allow the bit-
clock extraction circuits to operate.

Once the bit-clock extraction circuits have detected
the presence of a sufficiently coherent signal, then
-provided that the LEVRES bits of the Control Register
have been set to the ‘Peak Averaging’ settings or
‘Hold’- the level measurement circuits will switch to the
‘Peak Averaging’ mode, in which they calculate the
average of the peak voltages due to received bits.

If the LEVRES bits are set to ‘Hold’ the ‘Peak
Averaging’ measurement will cease after 16 bit times
-and the final values kept- otherwise the circuits will
continue in the operation as previously described.

For normal operation the LEVRES bits would only
be set by the controlling pController to ‘Hold’ for the
duration of a “fade”.

Acquire Bit Clock
AQBC Command Register
The Acquire Bit Clock (AQBC) sequence follows a
similar pattern; starting with a very fast initial estimate
of the received bit timing, then reducing the bandwidth
of the Phase Locked Loop as a coherent signal is
detected until the limit reached by the (Control Register)
PLLBW bits is reached.

LEVRES Peak Detect and Peak Averaging Operation

Further information on this subject is currently unavailable in this “Advance Information”
Document
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Control and Data Load Timing
Control Instructions, Task and Data is loaded to the MX909 in a parallel form as detailed in the relevant

Programming Information sections of this Data Sheet. Timing information for Read and Write operations is given
in Figure 24; timing parameters are provided in the Specification section.

WRITE CYCLE (DATA TO MODEM)

tan
ADDRESS Q P
ADOR >< ADDRESS VALID : ><
&—> tacsL i I )

Ts . 3

N tosm k
WR

‘ tospwL

taHosL <>

\l

. tosw |
;E DSW;:

DATA ¥ DATA
Do to D; (1 byte) < VALID

READ CYCLE (DATA FROM MODEM)

tan

<>

ADDRESS i ADDRESS VALID
Ao, A h f

<3 tacsL

: tosn
cs NG : i toshi

twhosL <—->

WR e tosrwL |

—

RD 4 taL :
: \ J<—> tax
ot ; torm <
S : L
DATA f <
D, to D; (1 byte) _Htmm_ ; DATA VALID }

Figure 24 - MX909 - uProcessor Read/Write Timing
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Specifications

Absolute Maximum Ratings

Exceeding the maximum rating can result in device
damage. Operation of the device outside the operating
limits is not suggested.

Supply Voltage -0.3t0 7.0V
Input Voltage at any pin
(ref V¢ =0V)

Sink/Source Current

-0.3 to (V o+ 0.3V)

(supply pins) +30mA

(other pins) +20mA
Total Device Dissipation

(@ T,,,=25°C) 800mW max.
Derating 10 mW/°C
Operating Temperature -40°C to +85°C

-55°C to +125°C

Storage Temperature

Sihe s

Static Values
Supply Voltage
I, (powersaved) 1
I, (not powersaved) 1

TX Output
Impedance
Impedance:
Signal Level -
TX Data Delay
Power-up to TX O
TX Low Pass Filter

RX Input
Impedance (RX In pin)
RX Input Amp Voltage Gain
Input Signal Level
RX Data Delay

Xtal/Clock
Xtal/Clock Frequency
'High' pulse width
'Low' pulse width
Input Impedance
Inverter Gain (I/P = 1mV rms @ 1kHz)

pController Interface

Input logic '1" level 10, 11
Input Logic '0' level 10, 11
Input Leakage Current (V, =0V to V) 10, 11
Input Capacitance 10,11
Output Logic '1' Level (IOH = 120pA 11

Output Logic '0' Level (IOL = 360pA) 11,12
‘Off' State Leakage Current (V = V) 12
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Operating Limits

All devices were measured under the following
conditions unless otherwise noted.

V,, = 5.0V

Toe =25°C

Bit Rate = 8 kbps

Xtal/Clock = 4.096 MHz

Noise Bandwidth = Bit Rate

4.5 - 5.5 Vv
- 1.0 1.5 mA
- 8.0 12.0 mA
- 1.0 25 kQ
300 500 - kQ
0.9 1.0 1.1 Vp-p
- 4.0 6.0 bits
- 3 5 bits

MQ

VIV
Vp-p

bits

MHz
ns
ns

MQ

10.0 - -
20.0 - - dB

V., -1.5 - - \
- - 1.5 \
+5.0 YA
- 10.0 - pF
Vv, -0.4 \
- - 0.4 Vv
- - 10 pA
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Modem Read/Write Load Timing

tes  “Address Valid” to “CS Low” time 0 - - ns
tan “Address Hold” time 0 - - ns
t.ew  “CS Hold” time 0 - - ns
tes  “CS High” time 14 6.0 - - Xtal/Clock Cycles
tesmu.  CS” to “WR” or “RD” Low time 0 - - ns
t.us  “Read-Data Hold” time 0 - - ns
tyw  Write-Data Hold time 0 - - ns
tesw  Write-Data Set-Up” time 90.0 - - ns
tocse RD High” to “CS Low” time (write cycle) 0 - - ns
tac.  ‘Read Access” time from “CS Low” 13 - - 175 ns
t. “ReadAccess” time from “RD Low” 13 - - 145 ns
t,  “RD” Lowtime . 200 - - ns
tox “RD High” to “D ~D 3-State” time - - 50.0 ns
twncse  WR High” to “CS Low time (read cycle) 0 - - ns
t “WR” Low time 200 - - ns
Notes: X o AT S

1. Not including any current drawn from the modem pins by external circuitry.

2. Small signal impedance (dynamic measurement). T

3. Measured after external CR (R,/C ) filter, for 111100001111 0000.. bit sequence; at V, = 5.0V
(output level is proportional to V).

4. Measured between issuing first task after idle and the center of the first bit at TX Qut (see Figure

13, ‘The TX Process’). ‘

Measured between setting PSAVE = '0' and TX output becoming stable.

See Figure 25, Lowpass filter response.

For optimum performance, measured at the RX Feedback pin, for a '...11110000..." bit sequence.

Measured between center of last bit of an RX single byte or Frame Sync at RX In and an IRQ

interrupt to the uController.

9. Timing for an external input to the Xtal/Clock pin.

10. WR, RD, CS, A, and A, pins.

11. D, - D, pins.

12. IRQ pin.

13. With 30pF (Max.) to V¢ on D, - D, pins.

14. Xtal/Clock cycles at the Xtal/clock pin.
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Lowpass Filter Response
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FREQUENCY/DATA RATE
Figure 25 - Lowpass Filter Response (Including the External RC Filter Components) in the TX Mode

Signal-to-Noise Performance

0

——
. ~o Block Error Rate with FEC
10 ——
—
N 'y

10? >
w
2 o~
o« s Bit Error Rate No FEC \
o 10
o
o S
o S
w N

10 \

N
s NOTE: A block is deemed to be “In Error* if the CRC fails
10°
10°
4 5 6 7 8 9 10 1" 12

SIGNAL-TO-NOISE RATIO (dB)

Figure 26 - Typical Error Rates

Bit and Block Errors

The figure above shows both bit and block error possibilities for a received signal with a specific signal-to-
noise performance. Bit Errors are individually detected errors in the raw data stream.

Block Errors are those where a complete block of data (240 bits; see Figure 10, Data Format) is in error, as
indicated by the CRC. Note that signal-to-noise ratios illustrated in this Data Bulletin are calculated for noise in
a bit-rate bandwidth.
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Advance Information

MX919
MX929

HIGH-SPEED FOUR-LEVEL FSK “PACKET DATA” MODEMS

MX919: General Purpose

Features

e MX-COM MX'D Signal CMOS
* FM Radio Packet Data Applications
¢ Wireless Data Systems
¢ Radio Telemetry
¢ Mobile Data Links
e Wireless LANs
¢ Medical Telemetry
* Wireless Bar-Code Readers
e 4-Level FSK - 4.8/9.6/19.2 kbps
¢ Low Power Requirement
¢ Custom Frame Capabilities (MX919)

Description

The MX919 and MX929 are half-duplex high-speed,
4-level FSK ‘packet data’ modems. They work with a
host pController to provide packet data transfer via FM
radio systems.

The MX919 provides a versatile frame structure for
general-purpose applications. The MX929 is designed
specifically for the ARDIS RD-LAP network.

Having a low power requirement of 5.0mA at 5 volts,
the MX919 and MX929 modems provide:

e Automatic handling of general purpose (MX919)
and RD-LAP (MX929) frame structures, including RX
symbol and frame synchronization, block formatting,
CRC generation and checking, Forward Error Correction
and Interleaving to reduce the processing load on the
host uController.

e Selectable data rates of 2400/4800/9600
symbols/s (4.8/9.6/19.2 kbps) for high-speed operation.

e 4-Level FSK (2 bits per baud) baseband

MX-COM, INC.

MX929: RD-LAP* (ARDIS™*)

* Automatic Protocol Handling (General
Purpose & RD-LAP)
¢ Symbol and Frame Sync
* Block Formatting
e Forward Error Correction
* CRC Check and Generation
e Interleaving

* PCMCIA Packaging Available***

.

MX919J MX919LH
MX929J MX929LH
24-pin CDIP 24-pin PLCC
| i R T T D g G T D e

modulation enables high-speed, economical data rates
in a narrow RF bandwidth.

¢ On-chip baseband processing and filtering.

* Pre-selectable signal acquisition and tracking
permits the rapid acquisition of received signals,
followed by automatic tracking of signal dc level
variations.

Clock recovery PLL bandwidth and RX signal level
measurement circuitry will react automatically when set.

RX and TX data and control between the host
pController and this microcircuit is via an 8-bit
bi-directional parallel interface; input and output signals
to and from the radio system are in analog form suitable
for connection to the radio's discriminator and frequency
modulator.

The MX919 and MX929 modems are available in 24-
pin CDIP and Surface Mount packages, as well as
packaging for PCMCIA applications™**.

*RD-LAP is a trademark of Motorola, Inc.

**ARDIS is a service mark of ARDIS.
***Contact MX-COM for more information.
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MX919 and MX929 Circuit Descriptions

Data Bus Buffers

Eight bi-directional 3-state logic-level buffers between
the modem's internal registers and the controlling
pController's data-bus lines.

R/W, CS and Address Lines

Control the transfer of data bytes between the
pController and the modem's internal registers, according
to the state of the Write and Read Enable (WR and RD)
inputs, the Chip Select (CS) input and the Register Address
inputs (A, and A,)).

The Data Bus Buffers and Address & R/W Decode
blocks provide a byte-wide parallel pController interface.

Status and Data Quality Registers

8-bit registers which the pController can read to
determine the status of the modem and the received data
quality.

Command, Mode and Control Registers
The values written by the pController to these 8-bit
registers control the operation of the modem.

Data Block Buffer
An 12-byte buffer used to hold RX or TX data to or from
the pController.

CRC Generator/Checker

A circuit which generates (transmit mode) or checks
(receive mode) the Cyclic Redundancy Checksum bits
which may be included in transmitted data blocks so that the
receive modem can detect transmission errors.

FEC Generator/Checker

In transmit mode, this circuit adds Forward Error
Correction bits to the transmitted data, then converts the
resulting binary data to 4-level symbols. In receive mode, it
translates received 4-level symbols to binary data, using the
FEC information to correct a large proportion of
transmission errors. The 4 possible levels of a symbol are
referred to in this Data Sheet as: +3, +1, -1 and -3.

Interleave/De-interleave Buffer

Interleaves data symbols within a data block before
transmission and de-interleaves the received data so that
the FEC system is best able to handle short noise bursts or
fades.

Page 104

RX Input Amp

The amplifier that allows the received signal input to the
modem to be set to the optimum level by suitable selection
of the external components.

Frame Sync Detect

This circuit, which is only active in the receive mode, is
used to look for the user-specified 24-symbol Frame
Synchronization pattern which is transmitted to mark the
start of every frame.

Root Raised Cosine (RRC) Filter

This filter, which is used in both transmit and receive
modes, is a linear-phase lowpass filter with a ‘Root Raised
Cosine’ frequency response.

In TX mode, the 4-level symbols are passed through this
filter to eliminate the high frequency components which
would otherwise cause interference into adjacent radio
channels.

In RX mode this filter is used to reject HF noise and to
equalize the received signal to a form suitable for extracting
the 4-level symbols.

RX Symbol/Clock Extraction
These circuits, which operate only in receive mode,
extract a symbol-rate clock from the received signal, and
measure the received signal amplitude and its dc offset.
This information is then used to extract the received 4-
level symbols and also to provide an input to the received
Data Quality measuring circuit.

Clock Oscillator and Dividers

This circuit derives the transmit symbol-rate (and the
nominal receive symbol-rate) by frequency division of a
reference frequency which may be generated by the on-
chip Xtal oscillator or fed from an external source.

TX Output Buffer

A unity-gain amplifier used in the transmit mode to buffer
the output of the RRC filter. In receive mode, the input of this
buffer is normally connected to V;,; unless the RXEYE bit
of the Control Register is set. When the modemis set to the
powersave mode, the buffer is turned off and the TX Output

pin connected to V. via a high value resistance.
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DATA
ToTe STATUS
i <—L QUALITY
RQ REGISTER REGISTER
/8 < <1
P P |
D, <—>am< > | ] "“’I
D, < < COMMAND MODE CONTROL
i D, < DATA REGISTER REGISTER REGISTER
iy ST 7| Bus
40| Dy < BUFFERS
o D < @
e ; <> DATA
=i & S
=] Ds € BLOCK BUFFER
8z | D, <—>am< > CRC
2 T d&——3  ceneratom
WR ->em > e — CHECKER
RD ;: ; ADDRESS CHECKER
Cs RW
A, >em >| DECODE T symoos
A >em > INTERLEAVE/ FRAME
v 5 DE-INTERLEAVE BUFFER SYNC DETECT
DD -
vBlAS |——'.—~
V. RX Symbols
ss - TX Symbols
RX Fb T DOC 1
T T e S Rl 1 R i
RRGC
RX IN | .___B"‘:l>q FILTER . |
S RX Input Amp DOC 2
l XTAL ~ |mxeve TX Output
_L CcLOCK Buffer =
OSCILLATOR s Normal
3 AND j—> X OUT
T DIVIDERS ox .k
V, ]
XTAIJICLOCK Y Powersave T

Figure 1 - MX919/MX929 Functional Block Diagram



MX919/MX929
MX919 and MX929 Pin Functions

OWooNOOOA~EWNDN

'y
o

1

12

13

14
15

16

17

18
19

20

21

22

23

24

IRQ: A 'wire-ORable' output for connection to the controlling uController's Interrupt Request
input. This output has a low-impedance pull-down to V when active, and is high-impedance

when inactive.

D.
D
D,:
D4
D .
D
D N
D

..

: 8 bi-directional 3-state pController interface data lines.

L aN. G

CS: An active-low logic level input to°

& data Read or Write operation (see
Figure 26, Timing). 3

A,: Two logic-level modem register selection inputs.
A:

Xtal: The output of the on-chip Xtal oscillator.

Xtal/Clock: The input to the on-chip Xtal oscillator. Operation of the MX919/MX929 without a
suitable Xtal or clock input may cause device damage.

Doc 2:  Connections to the internal RX signal level measurement circuitry. Capacitors as
Doc 1:  shown in Figure 2 should be installed from each of these pins to V.

TX Out: The TX signal output from the modem.

Vot The internal circuitry bias line, held at Vo2, this pin must be decoupled to V by a

capacitor mounted close to the device pins.
RX In: The input to the RX input amplifier.
RX Feedback: The output of the RX input amplifier, and the input to the (RX) Lowpass Filter.

V,,: The positive supply. Levels and voltages within the modem are dependent upon this supply.
This pin should be decoupled to V by a capacitor mounted close to the device pins.
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Installation Information

MX919/MX929

. 7/

mG «—1 1 24

D, «— 3 2 23

Dg ¢4———»] 3 22
w
Q Dy e— | 4 21
E" D, «—| 5 20
E D «—— 6 MX919J 19
r Dot—— 7 MX929J g
Lj” D,— | 8 17
O Dpe—lo 16
% s — 10 15
O WR ————» 11 14
Ea Vgs

cs 12 13

VDD vDD
Voo Csg c,
RX FEEDBACK
RX IN R, R, RXIN
Vaias | Ca
TX OUT Ry R
Doc 1 TX OUT
Doc 2 _l_ =
XTAL/CLOCK L Cs | Cs
TAT C.
XTAL 7
A1 _ — —
it evitabel|
Ao ; XTAL 16]:
cs | Cy !
| X4 i
| = Ry| |
| i
! i
I I
| Ca '
= 17 |
T mdeoee R

L

Figure 2 - Recommended External Components

R, and C, should be chosen so that the product of R,

Component Value Tolerance -
R Note 1 210% (Ohms) and C, (Farads) is:
R, 100kQ +10% 0.34
R, 1.0MQ +20% bit rate (bits per sec)
R, Note 2 ) R, should be not less than 20kQ; the value used for
81 gwg fgg 0//° C, should take into account parasitic capacitance.
c, Note 3 +20% Examples R, C,
C, Note 3 +20% 8000bps 100kQ2 430pF
gs u‘):e g 00 4800bps 100kQ 710pF
ct Ngt: 4 2200/2 3. Thevalues usedfor C and C, are determined by the
C; TBD frequency of X,.
X, Note 3 As a guide:
Installation Notes C, = C, = 33pF for X, < 5.0MHz.
. ) - C,=C, = 18pF for X, > 5.0MHz.
1. ﬁm‘iaSISt;)irgsnF;Ian?n?)ﬂ tW ItTetC;R)i:,np?:]':mp,l:fcl,eéésr:t If the on-chip Xtal oscillator is to be used, then the
The value of R, should be calculated to give 1.0v p: external cqmpc?nents X‘.’ C,,C,, and R, are required
at the BX Fe1e dback pin for a received +3 +3 -3 - as shown in Figure 2 (inset). If an external clock
g +3+3-3-3 sequence pThe de level of the received source is used these components are not required;
signal should b?e ad'us'ted so that the signal at the the input should be connected to the Xtal/clock pin
m%dem's RX Feedbejlck in is centered ar%und Y, and the Xtal pin left unconnected. Table 8 provides
P BIAS® advice on the selection of the correct Xtal value.
2. External components R, and C form an RC lowpass :
filter between the TX Buffer output and the input to 4. F:é:caeldczfa:grrfe\% e:,:g a(s;a rfiz;m c'iore::rltji to f ;Tr
the radio's frequency modulator; this is an important optimum grformance the values of t.hese
part of the TX signal filtering. These components ch:m onentg should be as shown below
may form a part of any dc level shifting and gain P ’
adjustment circuitry. The ground cor?nection (YSS) of [MFor C.and C,
C, should be positioned to give maximum
attenuation of high frequency noise into the | 2400 symbols/sec 0.02pF
modulator. 4800 symbols/sec 0.01pF
9600 symbols/sec 0.0047pF
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Installation Information...

Binary to Symbol Translation
Although the over-air signal, and hence the signals at the modem TX Out and RX In pins, consists of 4-level

symbols, the raw data passing between the modems and the pController is in binary form. The MX919/929 translates

between binary data and the 4-level symbols in one of two ways, depending on the task being performed:

Direct

The simplest form, which converts between 2 binary
bits and one symbol according to the table below.

Symbol MSB
+3 1
+1 1
-1 0
-3 0

LSB
1

0
0
1

This scheme can be expanded so that an 8-bit byte

translates to four symbols:

MSB LSB
Bits 7/6[s5]4]3]2]110
Symbols a b d

sent first sent last

With Forward Error Correcting (FEC)

This is more complicated, but essentially translates 3
binary bits to two 4-level symbols using an FEC coding
scheme which lets the receiving modem detect and
correct a large proportion of transmission errors. Full
details are given later in this document

1
MX919/MX929 Modem ‘/\/
BIT -
PAIRS
DATA > BinaRY Symbols RANSI . FREQUENCY
ENCODING R Sya'/.%m > 4 T;’,‘GE“F"('T J' MODULATOR
Figure 3 - Flow Through the MX919
RX FREQUENCY TX FREQUENCY
DISCRIMINATOR MODULATOR >
SIGNAL AND
DC LEVEL T
ADJUSTMENT
SIGNAL AND
RX FEEDBACK Ag.l(ijls-‘%%ﬁ
—_l RX | r X | fJmxout
LCONTROLLER > CIRCUITS CIRCUITS
s | -
D, - D; » D, - D,
Ag - A, M A - A
g% > % MX919/929
ld TITTRTTTY
WA ] wa 4-Level FSK Modem
iRQ iRQ
Figure 4 - External Signal Paths
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Installation Information ......

AC Coupling
For a practical application, AC coupling from the modem’s transmit output to the Frequency Modulator and from the
receiver’'s Frequency Discriminator to the receive input of the modem may be desired. There are, however, two
problems.

1) AC coupling of the signal degrades the bit-error-rate performance of the modem. Figure 5 illustrates the typical
bit error rates at 4800 symbols/sec (without FEC) for differing degrees of AC coupling;

10" [ = E
1
-EQ\\~
L S
k 10° S
o .  S—
% — N X
% — = Tx & Rx DC coupled
E gt —— L~
= 10
@ WE Tx 5Hz, Rx DC NS
E o Tx 5Hz, Rx 5Hz
’“ ~ 7T 7 7 Tx 5Hz, Rx 10Hz
10 ' k '
4 5 6 7 8 9 10 1 12
SIGNAL-TO-NOISE RATIO (dB) (noise in 0 - 9600Hz band)
Figure 5 - Examples of BER Performance Degradation Due to Varying Degrees of AC Coupling

2) Any AC coupling at the receive input will transform any step in the voltage at the discriminator output to a slowly
decaying pulse which can confuse the modem’s level measuring circuits. As illustrated below, the time for this
voltage step to decay to 37% of its original value is:

1
RC =

(2 x )

Where f is the 3dB cut-off frequency of the AC coupling network; RC is 32msec -or 153 symbol-times at
4800symbols/sec- for a 20Hz network.

In general, it will be best to DC couple the receive discriminator to the modem, and to ensure that any AC coupling
to the transmitter's frequency modulator has a -3dB cut-off frequency of no higher than 5Hz (for 4800symbols/sec).

Step Input
to RC Circuit
100%
Output of
RC Circuit 37%
| T = RC
>
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Radio Performance
The maximum data rate that can be transmitted over a radio channel using the MX919/929 depends on:
e RF channel spacing.
* Allowable adjacent channel interference.
e Symbol rate.
e Peak carrier deviation (modulation index).
* TX and RX reference oscillator accuracies.
e Modulator and demodulator linearity.
* Receiver IF filter frequency and phase characteristics.
s Use of error correction techniques.
* Acceptable error rate.

As a guide, 4800 symbols/sec can be achieved -subject to local regulatory requirements- over a system with
12.5kHz channel spacing if the transmitter frequency deviation is set to +2.5kHz peak for a repetitive +3 +3 -3 -3
pattern and the maximum difference between transmitter and receiver “carrier” frequencies is less than 2400Hz.

The modulation scheme employed by these modems is designed to achieve high data throughput by exploiting
as much as possible of the RF channel bandwidth. This does, however, place constraints on the performance of
the radio. In particular, attention must be paid to:

e Linearity, frequency and phase response of the TX Frequency Modulator. For a 4800 symbol/sec system,
the frequency response should be within +2dB over a range 3Hz to 5Hz, relative to 2400Hz.

e The bandwidth and phase response of the receiver’s IF filters.
* Accuracy of the TX and RX reference oscillators, as any difference will shift the received signal towards
the skirts of the IF filter response and cause a DC offset at the discriminator output.

Viewing the received signal eye (using the Mode Register RX Eye function) gives a good indication of the overall
transmitter/receiver performance. See Figure 7 for the appearance of the RX Signal Eye.

RX Mode,
RX EYE bit = ‘1’
(Mode Register B4)

Figure 8 - TX Eye Diagram
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Baseband and RF Frequency Requirements

0dB 5 =10V RMS

9600 symbols/sec
(19200 bits/sec)

LEVEL (dB)
o
o

4800 syr:nbols/sec il

(9600 bits/sec) | rﬁ : : :
T T T T =T 177 : LI hxl uIJ T E 1T T L EI\I/WII\/\I{MMM{\ T E L T 1 171
| | | | | | AR |

2.0 4.0 6.0

0

10.0
FREQUENCY (kHz)
Figure 9 - “TX Out” Spectrum Plot

0dB o

Unmodulated Carrier Level 9600 symbols/sec

(19200 bits/sec)

LEVEL (dB)
)
o

! Loy ;

: i " ;
................................... oo p {74800 symbols/sec N

; [ (9600 bits/sec) ;

Deviation, /- 2.5kHz

LIl e i i gy

fc - 20 f - 10 fo fc + 10 fo + 20
FREQUENCY (kHz)

Figure 10 - Theoretical RF Spectrum Plot

uC Data Bus
D, [« »| D, The Data Bus Buffers and
g| —> < > 81 Address and Read/Write
D; ¢ d P S| D2 Decode blocks form a byte-
84 PEEEENNY P 84 wide parallel pController
D, [ > b interface.
D, [¢ > il o P :’his _diagrambshows how this
[ — unction can be memor
WR » WR y
=Th) o] 80 MX919 mapped.
RD TS Vo A0 mxe2e
LCONTROLLER 1o < e
— pullup resistor [¢—— other TRQ inputs
IRQ < to pController
I —— Ao
A, » Ay
X : Modem -
A, : > i Address —»| CS
: Decode

nC Address Bus
Figure 11 - Typical Modem to uController Interface
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Programming Information

Data Formats

Frame and Data Structures

The MX919 Frame and data structures are illustrated
in Figure 12, and the MX929 in Figure 13. The structures
consist of a Frame Preamble (comprising Symbol and
Frame Synchronization patterns) followed by one or
more ‘Header’, ‘Intermediate’ or ‘Last’ blocks. The binary
data transferred between the modem and the controlling
uController is that shown in the shaded area near the top
of the diagram.

The ‘Header’ block is self-contained in that it includes
its own CRC, and would normally carry information such
as the addresses of the called and calling parties, the
number of following blocks in the frame (if any), and
miscellaneous control information.

The ‘Intermediate’ block(s) contain only data, the
CRC checksum for all of the data in the ‘Intermediate’
and ‘Last’ blocks is contained at the end of the ‘Last’
block.

This arrangement, while efficient in terms of data
capacity, may not be optimum for poor signal-to-noise
conditions, since a reception error in any one of the
‘Intermediate’ or ‘Last’ blocks would invalidate the whole
frame. In these conditions, increased throughput may be
obtained by using the ‘Header’ block format for all blocks
of the frame, so that blocks which are received correctly
can be identified, and need not be retransmitted.

In the TX mode, the modem translates the 96 bits of
the block into 66 4-level symbols as follows:

The 12 bytes are divided into 32 groups of three bits

each (Tri-bits). An extra tri-bit (‘0" ‘0’ ‘0’) is added

giving a total of 33 tri-bits.

The 383 tri-bits are then passed to the Trellis Encoder

which provides 66 4-level symbols.

In the RX mode, the modem takes the 66 received
symbols and decodes them into tri-bits.

Typical On-Chip Frame Structure and Process

Possible Data Formats

Header Block

Last Block

Intermediate Block(s)

[

i 1
0

Data Blocks I

7,6,5,4,3,2,1,0 7,6,5,4,3,2,1,0

7,6,5,4,3,21

SYMBOL
SYNC

FRAME
SYNC

C
e |S| ™ | e | INTERMEDATE BLOCKS " L,LB.

Header Block 'HB’ contains "addresses’, signal parameters
and its own CRC

Intermediate Block ’IB’ contains only data; no CRC.

Last Block °'LB contains data and the CRC for all
Intermediate Blocks and the Last Block.

C
R
c

FRAME

SYMBOL
SYNC | SYNC

[ [ [ C T
v |R| we |R| we |g[ HEADER BLOCKS we |R| we |R
< C < C C

Data field consists completely of Header Blocks; each

7 0

'000"

96 Bits

block contains its own CRC for ease of error detection.
FEC coding is added to the Data (not including Symbol
and Frame Syncs).

w | w l ™ INTERMEDJATE BLOCKS e | e

Data field consists of a train of Intermediate Blocks
followed by one Last Block carrying the CRC for the

SYMBOL
SYNC

FRAME
SYNC

010

I

(ERROR CORRECTION)

4-level
Symbols

o[+ 2]

164 |65

INTERLEAVING/DE-INTERLEAVING

Over-air signal (symbols)

,,,,, SYMBOL | FRAME
SYNC SYNC

24

*HEADER'
BLO

66 66 ceeeen 66 eeeaee

66

FRAME
PREAMBLE

R FRAME
Symbol Sync: at least 24 symbols of ..+3 +3 -3 -3 ... sequence
Frame Sync:

ko
B e B -bi whole field.
33 Tri-bi:
[29 a0 [a1 [a2 |- o
S;vﬁgL Fg‘;\NAgE B B B8 INTEHMED!@TE BLOCKS ! 'IB'| ’IBJ
FEC TRELLIS CODING/DECODING

66 Symbols

Data field consists entirely of Intermediate Blocks; no
CRC is carried in the signal.

Note

The Data Block areas shown shaded (left) represent the data loaded
to and from the 4-Level FSK MX919 modem by the pController.
Symbol Sync configuration is predetermined within the modem as at
least 24 symbols of ... +3 +3 -3 -3 ... sequence.

Frame Sync sequence is predetermined within the modem.

R R I R R I I R R I R R

[=]

sent first

Figure 12 - MX919 System Data Format

last
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msb Station 1D 1sb Header Block Intermediate Blocks Last Block
7,6,5,4,3,2,1,0 7,6,5,4,3,2,1,0 7,6,5,4,3,2,1,0 7,6,5,4,3,2,1,0
Byte 0 "J_gv;@#'rd-"_ Byte 0 ) "
Byte 1 Domain 1D Byte 1 I ] i 1 i ]
Byte 2 Base 1D Byte 2 - N - h - Data BYleS ]
Byte 3 CRCO Byte3 | Address | - ; 7 B (0-8 1
Bye 4 [ and i | Data Bytes i | oo N
gy:e 2 L Control i - t12) ] - Pa dOBgyt s
yte X
s | (10 bytes) | B ] (0-8)
Byte 8 |- 7 B ]
Byte 9 | a : : : CRC2 :
Byte 10 N CRC1 i i ] r (4 bytes) ]
Byte 11 (2 bytes)
7 07 07 07 2 0 7 07 o e 96 Bits
L Byte 0 Byte 1 ] Byte 2 Byte 3 | Byte 0 | Byte 1
: ' : E—— 33 Tri-bit
o1 ]2 L8910 Tribits[0]1]2]8[4]5] [29 [0 [31 [32 |- et
FEC TRELLIS CODING/DECODING FEC TRELLIS CODING/DECODING
(ERROR CORRECTION) (ERROR CORRECTION)
4-level T 15 Lo 66 Symbols
~Gymbos Lo 12t 64 65 |-
INTERLEAVING/DE-INTERLEAVING
Block | 22 Symbols - ‘i[ V 22 Symbol; I i{ 22 Symbols =

Over-air signal | symeoL | Frame |g) station || +HeADER
(symbols) SYNC | SYNC D BLOCK BLOCK SYNC
24 24 1 2 1, 69 69 69 : 69 . -
5NE-
FRAME PACKET (1 TO 44 BLOCKS)
PREAMBLE » o
FRAME NEXT FRAME ~
(OPTIONAL)
S: Channel Status Symbol: +3 = Busy +1 = Unknown -1 = Unknown -3 = Idle
Frame Sync:
[A[s[a]s1[a]ss8]8]+8]8]a[x][a]s8]xa]a]x] 3] 3]+t [s3] 1] 3] +1]+3]
Symbol Sync:
[+8]+a]8a]a[+8[+a]8[8 [+a]+3][3[8[+a3]+8]8[3[+3[+3]-3[-3]3]a]+3]3]
sent first last
Note

The Data Block areas shown shaded represent the data
loaded to and from the MX929 modem by the uController.

Figure 13 - MX929 System Data Format
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Programming Information ......

Modem/pController Interaction

In general, data is transmitted over-air in the form of
messages, or ‘Frames’, consisting of a ‘Frame
Preamble’ followed by one or more formatted data
blocks. The Frame Preamble includes a Frame
Synchronization pattern designed to allow the receiving
modem to identify the start of a frame. The following data
blocks are constructed from the ‘raw’ data using a
combination of CRC (cyclic redundancy checksum)
generation, Forward Error Correction coding and
Interleaving. Details of the message format handled by
the MX919 is shown in Figure 12; the format of the
MX929 is in Figure 13.

To reduce the processing load on the associated
pController, the MX919/929 has been designed to
perform as much as possible of the computationally
intensive work involved in Frame formatting and de-
formatting and - when in receive mode - in searching for
and synchronizing onto the Frame Preamble. In normal
operation the modem will only require servicing by the

pController once per received or transmitted block.

Thus, to transmit a block, the controlling pController
has only to load the -unformatted - ‘raw’ binary data into
the modem’s Data Block Buffer then instruct the modem
to format and transmit that data. The modem will then
calculate and add the CRC bits as required, encode the
result as 4-level symbols (with Forward Error Correction
coding) and interleave the symbols before transmission.

In receive mode, the modem can be instructed to
assemble a block’s worth of received symbols,
de-interleave the symbols, translate them to binary
-using the FEC coding to correct as many errors as
possible- and check the resulting CRC before placing the
received binary data into the Data Block Buffer for the
pController to read.

The MX919/929 can also handle the transmission
and reception of unformatted data -to allow for example
the transmission of Symbol and Frame Synchronization
sequences or special test patterns.

Register Selection

The MX919 modem appears to the programmer as 4 write-only 8-bit registers shadowed by 3 read-only registers.
Individual registers are selected by the A, and A, inputs; see Read and Write cycle timing diagrams (Figure 26).

~ Write to. Modém‘ ~ Read from Modem

Table 1 Register Selection

yata Block Buf’fer i
. Status Reglster

D QRegister
~notused o -

i ,Data Block Buffer

Data Block Buffer

A 12-byte read/write buffer is used to transfer data (as opposed to Command, Status, Mode, Data-Quality and
Control information) between the modem and the controlling uController.

The Data Block Buffer appears to the pController as a single 8-bit register; the modem ensures that sequential
pController ‘read’ or ‘write’ actions to the buffer are routed to the correct locations within this buffer. When the modem
is in the TX mode, any attempt by the pController to ‘read’ from this buffer will have no effect. Similarly, any attempt
to ‘write’ to this buffer will have no effect when the modem is in the RX mode.

Command Register

Writing to this register instructs the modem to perform a specific action or actions, depending upon the setting

of the TASK, AQLEV, and AQSC bits.

" Gommand Regter

Figure 14 - The Command
Register

When it has no action to perform (but is not powersaved) the modem will be in an |dle state, and if it is in the
TX mode the input to the TX Filter will be connected to a voltage mid-way between the ‘+1’ and -1’ symbol voltages.

In the RX mode the modem will continue to measure the received data quality and extract bits from the received
signal, feeding them into the De-Interleave Buffer, but will otherwise ignore the received data.
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I

Command Register

B7
AQSC Acquire Symbol Clock: This bit has no effect in the TX mode.

In the RX mode, whenever a byte with the AQSC bit set to logic ‘1’ is written to the Command
Register, it initiates an automatic sequence designed to achieve timing synchronization with the
received signal as quickly as possible. This involves setting the Phase Locked Loop of the received
symbol-timing extraction circuits to its widest bandwidth, then gradually reducing the bandwidth as
timing synchronization is achieved, until it reaches the ‘normal’ value set by the PLLBW bits of the
Control Register.

Setting this bit to logic ‘0’ (or changing it from ‘1’ to ‘0’) has no effect, however note that the
acquisition sequence will be restarted every time that a byte written to the Command Register has
the AQSC bit set to logic ‘1’. The AQSC bit will normally be set at the same time as a SFS (Search
for Frame Sync) or SFSH/SFP (Search for Frame Sync + Header for MX919 / Search for Frame
Preamble for MX929) task, however it may also be used independently to re-establish clock
synchronization quickly after a long fade. Alternatively, an SFS or SFSH/SFP task may be written
to the Command Register with the AQSC bit at logic ‘0’ if it is known that clock synchronization does
not need to be re-established. Refer to the Operational Information section for further details.

B6 Acquire Receive Signal Levels: This bit has no effect in the TX mode.
AQLEV In receive mode, whenever a byte with the AQLEV bit set to a logic ‘1° is written to the Command
Register, it initiates an automatic sequence designed to measure the amplitude and DC offset of the
received signal as rapidly as possible. This sequence involves setting the measurement circuits to
respond quickly at first, then gradually increasing their response time -hence improving the measurement
accuracy- until the ‘normal’ value set by the LEVRES bits of the Control Register is reached.

Setting this bit to a logic ‘0’ (or changing it from ‘1’ to ‘0’) has no effect. Note that the acquisition
sequence will be re-started every time that a byte written to the Command Register has the AQLEYV bit
set to a logic ‘1.

The AQLEY bit will normally be set at the same time as an SFS (Search for Frame Sync) or SFSH/
SFP (Search for Frame Sync + Header for MX919 / Search for Frame Preamble for MX929) task is
initiated, however it may also be used independently to re-establish signal levels quickly after a long fade.
Alternatively, a SFS or SFSH/SFP task may be written to the Command Register with the AQLEYV bit at
logic ‘O’ if it is known that there is no need to re-establish the received signal levels. Refer to the
Operational Information section of this publication for further details.

B5

B4 These bits should each be set to a logic ‘0".

B3

B2 Task: Operations such as transmitting a data block are treated by the modem as 'Tasks'. Information
B1 on Task functions is given on the following pages.

BO A task is initiated when the pController writes a byte to the Command Register with the Task bits set to

TASK anything other than the 'NULL' (‘0" ‘0’ ‘0) code.

The pController should not write a task (other than NULL or RESET) to the Command Register or write
to or read from the Data Buffer when the BFREE (Buffer Free) bit of the Status Register is a logic '0'.

Different tasks apply in receive and transmit modes.

TX Mode: All tasks other than NULL, RESET instruct the modem to transmit data from the Data Block
Buffer, formatting it as required. For these tasks the pController should wait until the BFREE (Buffer Free)
bit of the Status Register is a logic '1', before writing the data to the Data Block Buffer, then it should write
the desired task to the Command Register. If more than 1 byte needs to be written to the Data Block Buffer,
byte number '0' of the block should be written first.

Once the byte containing the desired task has been written to the Command Register, the modem
will: Set the BFREE (Buffer Free) bit of the Status Register to a logic '0', take the data from the Data Buffer
as quickly as it can -transferring it to the Interleave Buffer for eventual transmission. (continued...)
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Task: ...... This operation will start immediately if the modem is 'idle' (i.e. not transmitting data from a
previous task), otherwise it will be delayed until there is sufficient room in the Interleave Buffer. Once all
of the data has been transferred from the Data Block Buffer the modem will set the BFREE and IRQ bits
of the Status Register to a logic '1", (causing the IRQ output to go low if the IRQEN bit of the Mode Register
has been setto a logic '1') to tell the uController that it may write new data and the next task to the modem.

In this way the pController can write a task -and the associated data- to the modem while the modem
is still transmitting the data from the previous task.

RX Mode: The pController should wait until the BFREE bit of the Status Register is a logic '1', then
write the desired task to the Command Register. Once the byte containing the desired task has been
written to the Command Register, the modem will:

Set the BFREE bit of the Status Register to a logic '0'.

Wait until enough received bits are in the De-Interleave Buffer.

Decode them as needed, and transfer any resulting data to the Data Block Buffer.

___Then the modem will set the BFREE and IRQ bits of the Status Register to logic '1', (causing the
IRQ output to go low if the IRQEN bit of the Mode Register has been set to a logic '1') to tell the
pController that it may read from the Data Buffer and write the next task to the modem.

In this way the pController can read data and write a new task to the modem while the received
symbols needed for this new task are being stored in the De-Interleave Buffer.

Rx In ~ Tltor Task 1 [ for Task 2
IRQ Output ' I

(IRQEN = '1’) _]— _L

Status Register IRQ Bit | __Jr
Status Register BFREE Bit [_—‘—| 1

Task from uC to Command Register l Task 1 l Task 2

Data from Data Block Buffer to mC mmm Task 1 data

Figure 15 - The Receive Process

Data from uC to Data Block Buffer EE Task 1 data EEm Task 2 data

Task from uC to Command Register l L

Status Register BFREE Bit
Status Register IRQ Bit _ﬂ_ _lr
L L

Tx Out | from Task 1 | from Task 2 |

IRQ Output
(IRQEN = '1)

Figure 16 - The Transmit Process
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Modem Tasks in Detail
The following tables describe the setting and format of the Command Register ‘task’ bits (bits 2, 1 and 0). Note that
before a task is programmed the TX/RX bit in the Mode Register must be placed in the relevant position.

MX919 General Purpose Modem Tasks

Command Bits
2 1 0 Receive Mode Transmit Mode
0 0 0 NULL e NULL e
0 0 1 SFSH Search for Frame Sync + Header T24S Transmit 24 Symbols
0 1 0 RHB Read Header Block THB Transmit Header Block
0 1 1 RILB Read Intermediate or Last Block TIB Transmit Intermediate Block
1 0 O SFS Search for Frame Sync TLB Transmit Last Block
1 0 1 R4S Read 4 Symbols T4S Transmit 4 Symbols
1 1 0 NULL T NULL R
1 1 1 RESET Cancel any Current Action RESET Cancel any Current Action
Table 2 - MX919 Modem Task Details

MX929 RD-LAP Modem Tasks

Command Bits
2.1 0 Receive Mode Transmit Mode
0 0 0 NULL e NULL e
0o 0 1 SFP Search for Frame Preamble T24S Transmit 24 Symbols
0 1 0 RHB Read Header Block THB Transmit Header Block
0 1 1 RILB Read Intermediate or Last Block TIB Transmit Intermediate Block
1 0 0 SFS Search for Frame Sync TLB Transmit Last Block
1 0 1 R4S Read 4 Symbols T4S Transmit 4 Symbols
1 1 0 RSID Read Station ID TSID Transmit Station ID
1 1 1 RESET Cancel any Current Action RESET Cancel any Current Action
Table 3 - MX929 Modem Task Details
MX919 Modem Tasks MX929 Modem Tasks

NULL  No Effect. This task is provided sothatan | (NULL  No Effect. This task is provided so that an
AQSC or AQLEV (Command Register) AQSC or AQLEV (Command Register)
command can be initiated without loading command can be initiated without loading
a new task. a new task.

SFSH  Search for Frame Sync + Header Block. SFP Search for Frame Preamble. Causes the
Causes the MX919 to search the received MX929 to search the received signal for a
signal for a valid 24-symbol Frame Sync valid RD-LAP Frame Preamble, consisting
sequence followed by a Header Block of a 24-symbol Frame Sync sequence
which has a correct CRC1 checksum. followed by Station ID data which has a
This task continues until a valid Frame correct CRCO checksum.

Sync + Header Block has been found. This task continues until a valid Frame

Preamble has been found.
The search consists of two stages:
1. The MX919 will attempt to match the The search consists of four stages:
incoming symbols against the 1. The MX929 will attempt to match the
General Purpose Modem Frame incoming symbols against the RD-
Synchronization pattern to within LAP Frame Synchronization pattern
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RHB

the tolerance defined by the Frame
Sync Tolerance (FSTOL) bits of the
Control Register.

2. Once a match has been found, the
MX919 will read the next 66 symbols
as if they were a ‘Header block,
decoding the symbols and checking
the CRC1 checksum. If the CRC1
checksum is incorrect the modem
will resume the search, looking for a
fresh Frame Sync pattern. |If the
CRC1 is correct, the 10 decoded
data bytes will be placed into the
Data Block Buffer, the BFREE and
IRQ bits of the Status Register will
be set high to a logic ‘1’ and the CRC
Checksum Error (CRCERR) bit
cleared low to a logic ‘0’.

On detecting that the BFREE bit of the
Status Register has gone to a logic ‘0’, the
pController should read the 10 bytes from
the Data Block Buffer and then write the
next task to the MX919's Command
Register.

Read Header Block. Causes the MX919
to read the next 66 symbols as a ‘Header’
block, decoding them, placing the
resulting 10 data bytes and the 2 received
CRC bytes into the Data Block Buffer, and
setting the BFREE and IRQ bits of the
Status Register high to a logic ‘1’ when the
task is complete to indicate that the
pController may read the data from the
Data Block Buffer and write the next task
to the modem's Command Register.

The CRCERR bit of the Status Register
will be set to a logic ‘1’ or ‘0’ depending on
the validity of the received CRC1
checksum bytes.

RHB

to within the tolerance defined by the
Frame Sync Tolerance (FSTOL) bits
of the Control Register

2. Once a match has been found, the
MX929 will read the next 'S' symbol,
then update the SVAL bits of the
Status Register and set the SRDY bit
to 1. (The IRQ bit of the Status
Register will also be set to '1" at this
time if the SSIEN bit of the Mode
Register is '1'))

3. The MX929 will then read the next 22
symbols as Station ID data. The 22
Station ID symbols will be decoded
and the CRCO checked. If this is
incorrect the MX929 will resume the
search, looking for a fresh Frame
Sync pattern.

4. If the received CRCO is correct, the
next 'S' symbol will be read, the
SVAL bits of the Status Register
updated and the SRDY, BFREE and
IRQ bits set to a logic ‘1’. The CRC
Checksum Error (CRCERR) bit will
be clearedto alogic ‘0’, and the three
decoded Station ID bytes placed into
the Data Block Buffer.

On detecting that the BFREE bit of the
Status Register has gone to a logic ‘1’, the
pController should read the 3 Station ID
bytes from the Data Block Buffer and then
write the next task to the MX929's's
Command Register.

Read Header Block. Causes the MX929
to read the next 69 symbols as a ‘Header’
block. It will strip out the 'S' symbols, then
de-interleave and decode the remaining
66 symbols, placing the resulting 10 data
bytes into the Data Block Buffer. It also
sets the BFREE and IRQ bits of the Status
Register to a logic ‘1’ when the task is
complete to indicate that the yController
may read the data from the Data Block
Buffer and write the next task to the
modem's Command Register.

The CRCERR bit of the Status Register
will be set to a logic ‘1’ or ‘0’ depending on
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MX919 Modem Tasks MX929 Modem Tasks
RILB Read ‘Intermediate’ or ‘Last’ Block.

Causes the modem to read the next 66
symbols as an ‘Intermediate’ or ‘Last’
block (the pController should be able to tell
from the received ‘Header’ block how
many blocks are in the frame, and hence
when to receive the ‘Last’ block).

In each case, the modem will decode the
66 symbols and place the resulting 12
bytes into the Data Block Buffer, setting
the BFREE and IRQ bits of the Status
Register high to a logic ‘1’ when the task is
complete to indicate that the pController
may read the data from the Data Block
Buffer and write the next task to the
modem's Command Register. If an
‘Intermediate Block is received then the
pController should read-out all 12 bytes
from the Data Block Buffer and ignore the
CRCERR bit of the Status Register, for a
‘Last’ block the pController need only read
the first 8 bytes from the Data Block Buffer,
and the CRCERR bit in the Status Register
will reflect the validity of the received
CRC2 checksum. Note that in the RX
mode the CRC2 checksum circuits are
initialized on completion of any task other
than NULL or RILB.

RILB

the validity of the received CRC1
checksum bytes.

As each of the 3 'S' symbols of a block is
received, the SVAL bits of the Status
Register will be updated and the SRDY bit
set to '1'. (If the SSIEN bit of the Mode
Register is '1' the Status Register IRQ bit
will also be set to '1)

Read ‘Intermediate’ or ‘Last’ Block.
Causes the modem to read the next 69
symbols as an ‘Intermediate’ or ‘Last’
block (the pController should be able to tell
from the received ‘Header block how
many blocks are in the frame, and hence
when to receive the ‘Last’ block).

In each case, the MX929 will strip out the
3 'S' symbols, de-interleave and decode
the remaining 66 symbols and place the
resulting 12 bytes into the Data Block
Buffer. The BFREE and IRQ bits of the
Status Register are set to a logic ‘1’ when
the task is complete to indicate that the
uController may read the data from the
Data Block Buffer and write the next task
to the MX929's Command Register.

If an ‘Intermediate Block is received then
the pController should read all 12 bytes
from the Data Block Buffer and ignore the
CRCERR bit of the Status Register. Fora
‘Last’ block the uController needs only to
read the first 8 bytes from the Data Block
Buffer, and the CRCERR bit in the Status
Register will reflect the validity of the
received CRC2 checksum. Note that in the
RX mode the CRC2 checksum circuits are
initialized on completion of any task other
than NULL or RILB.

As each of the 3 'S' symbols of a block is
received, the SVAL bits of the Status
Register will be updated and the SRDY bit
set to '1". (If the SSIEN bit of the Mode
Register is '1' the Status Register IRQ bit
will also be set to '1'.) Note that when the
third 'S' symbol is received the SRDY bit
will be set to '1' at the same time the
BFREE bit is set to '1".
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SFS

R4S

Search for Frame Sync. Causes the
MX919 to search the received signal for a
24-symbol sequence which matches the
Frame Synchronization pattern to within the
tolerance defined by the FSTOL bits of the
Mode Register.

When a match is found the modem will set
the BFREE and IRQ bits of the Status
Register high to a logic ‘1’ to indicate to the
uController that it should write the next task
to the Command Register.

Read 4 Symbols. This task is intended for
special tests and channel monitoring -
perhaps preceded by an SFS task. Causes
the modem to read the next 4 symbols and
translate them directly (without de-
interleaving or FEC) to an 8-bit byte which is
placed into the Data Block Buffer. The
BFREE and IRQ bits of the Status Register
will then be set high to a logic ‘1’ to indicate
that the pController may read the data byte
from the Data Block Buffer and write the next
task to the Command Register.

SFS

R4S

RSID

Search for Frame Sync. This task is
intended for special test and channel
monitoring purposes. It performs the first
two parts of an SFP task.

SFS causes the MX929 to search the
received signal for a 24-symbol sequence
which matches the RD-LAP Frame
Synchronization pattern to within the
tolerance defined by the FSTOL bits of the
Mode Register.

When a match is found the MX929 will read
the following 'S' symbol, then set the
BFREE, IRQ and SRDY bits of the Status
Register to a logic ‘1’ and update the SVAL
bits. The pController may then write the next
task to the Command Register.

Read 4 Symbols. This task is intended for
special test and channel monitoring
purposes, perhaps preceded by an SFS
task. It causes the MX929 to read the next
4 symbols and translate them directly
(without de-interleaving or FEC) to an 8-bit
byte which is placed into the Data Block
Buffer. The BFREE and IRQ bits of the
Status Register will then be set to a logic ‘1’
to indicate that the pController may read the
data byte from the Data Block Buffer and
write the next task to the Command
Register.

Read Station ID. This task causes the
MX929 to read and decode the next 23
symbols as Station ID data followed by an'S'
symbol. Itis similar to the last two parts of an
SFP task except that it will not re-start if the
received CRCO is incorrect. It normally
follows an SFS operation.

The decoded System, Domain and Base ID
bytes will be placed into the Data Buffer, and
the CRCERR bit of the Status Register will
be setto '1'if the received CRCO is incorrect.
Otherwise it will be cleared to '0". The SVAL
bits of the Status Register will be updated
and the BFREE, SRDY and IRQ bits will be
set to'1' to indicate that the uC may read the
3 Station ID bytes from the Data Block Buffer
and write the next task to the MX929's
Command Register.
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MX919 Modem Tasks

MX929 Modem Tasks

T24S

THB

TIB

Transmit 24 Symboils. This task, which is
intended to facilitate the transmission of
Symbol and Frame Sync patterns as well as
special test sequences, takes 6 bytes of data
from the Data Block Buffer and transmits
them as 24 4-level symbols withoutany CRC
or FEC.

Byte ‘0’ of the Data Block Buffer is sent first,
byte ‘5’ last.

Once the modem has has read all the data
bytes from the Data Block Buffer, the
BFREE and IRQ bits of the Status Register
will be set high to a logic ‘1°, indicating to the
uController that it may write the next task and
its data to the modem.

Table 4 shows what data has to be written to
the Data Block Buffer to transmit the modem
Symbol and Frame Sync Sequences.

Transmit Header Block. Takes 10 bytes
of data (Address & Control) from the Data
Block Buffer, calculates and appends the
2-byte CRC1 checksum, translates the
result to 4-level symbols (with FEC),
interleaves the symbols and transmits the
result as a formatted ‘Header’ Block.

Once the modem has read the data bytes
from the Data Block Buffer, the BFREE
and IRQ bits of the Status Register will be
set high to a logic ‘1’, indicating to the
uController that it may write the next task
and its data to the modem.

Transmit Intermediate Block. Takes 12
bytes of data from the Data Block Buffer,
updates the 4-byte CRC2 checksum for
inclusion in the ‘Last’ block, translates the
12 data bytes to 4-level symbols (with
FEC), interleaves the symbols and
transmits the result as a formatted
‘Intermediate’ Block. Once the modem
has read the data bytes from the Data
Block Buffer, the BFREE and IRQ bits of
the Status Register will be set high to a
logic ‘1’, indicating to the pController that
it may write the next task and its data to the
modem.

Note that in TX mode the CRC2 checksum
circuits are initialized on completion of any

T24S

THB

TIB

Transmit 24 Symbols. This task, which is
intended to facilitate the transmission of
Symbol and Frame Sync patterns as well as
special test sequences, takes 6 bytes of data
from the Data Block Buffer and transmits
them as 24 4-level symbols withoutany CRC
or FEC, interleaving or adding any 'S'
symboils.

Byte ‘0’ of the Data Block Buffer is sent first,
byte ‘5’ last.

Once the MX929 has has read all the data
bytes from the Data Block Buffer, the
BFREE and IRQ bits of the Status Register
will be set to a logic ‘1’, indicating to the
pController thatit may write the nexttask and
its data to the modem.

Table 5 shows what data has to be written to
the Data Block Buffer to transmit the modem
Symbol and Frame Sync Sequences.

Transmit Header Block. Takes 10 bytes of
data (Address & Control) from the Data
Block Buffer, calculates and appends the
2-byte CRC1 checksum, translates the
result to 4-level symbols (with FEC),
interleaves the symbols and transmits the
result as a formatted ‘Header’ Block,
inserting 'S' symbols at 22-symbol
intervals.

Once the modem has read the data bytes
from the Data Block Buffer, the BFREE
and IRQ bits of the Status Register will be
set to a logic ‘1’, indicating to the
pController that it may write the next task
and its data to the modem.

Transmit Intermediate Block. Takes 12
bytes of data from the Data Block Buffer,
updates the 4-byte CRC2 checksum for
inclusion in the ‘Last’ block, translates the
12 data bytes to 4-level symbols (with
FEC), interleaves the symbols and
transmits the result as an RD-LAP
formatted ‘Intermediate’ Block, inserting
'S' symbols at 22-symbol intervals.

Once the MX929 has read the data bytes
from the Data Block Buffer, the BFREE
and IRQ bits of the Status Register will be
set to a logic ‘1’, indicating to the
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MX919 Symbol and Frame Sync Sequences

+3 43 -3 -3 Byte 0 : 11110101 F5
+3 +3 -3 3 Byte 1: 11110101 F5
+3 +3 -3 -3 Byte 2 : 11110101 F5
+3 +3 -3 -3 Byte 3: 11110101 F5
+3 +3 -3 -3 Byte 4 : 11110101 F5
+3 +3 -3 -3 Byte 5: 11110101 F5

22

1+ -1+ Byte 0 00100010

-1 +3 -3 +3 Byte 1: 00110111 37
3 -1 +1 -8 Byte 2: 01001001 49
+3 +3 -1 +1 Byte 3 : 11110010 F2
-3 -3 +1 +3 Byte 4 : 01011011 5B
-1 -3 +1 +3 Byte 5: 00011011 1B

Table 4 - MX919 Symbol and Frame Sync Sequences (T24S)

MX929 Symbol and Frame Sync Sequences

+3 +3 -3 -3 Byte 0: 11110101 F5
+3 +3 -3 -3 Byte 1: 11110101 F5
+3 +3 -3 -3 Byte 2: 11110101 F5
+3 +3 -3 -3 Byte 3: 11110101 F5
+3 +3 -3 -3 Byte 4 : 11110101 F5
-3 -3 +3 +3 Byte 5: 01011111 5F

00100010

22

+1 -1 Byte 0 :
-1 +3 -3 +3 Byte 1: 00110111 37
83 -1 +1 -3 Byte 2 : 01001001 49
+3 +3 -1 +1 Byte 3 : 11110010 F2
-3 -3 +1 +3 Byte 4 : 01011011 5B
-1 -8 +1 +3 Byte 5 : 00011011 1B

Table 5 - MX929 Symbol and Frame Sync Sequences (T24S)
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MX919/MX929

MX919 Modem Tasks

MX929 Modem Tasks

TLB

T4S

RESET

task other than NULL, TIB or TLB.

Transmit ‘Last’ Block. Takes 8 bytes of
data from the Data Block Buffer, updates
and appends the 4-byte CRC2 checksum,
translates the resulting 12-bytes to 4-level
symbols with (FEC), interleaves the
symbols and transmits the result as a
formatted ‘Last’ Block. Once the modem
has read the data bytes from the Data
Block Buffer, the BFREE and IRQ bits of
the Status Register will be set high to a
logic ‘1’, indicating to the pController that
it may write the next task and its data to the
modem.

Transmit 4 Symbols. This task is similar
to T24S but takes only one byte from the
Data Block Buffer, transmitting it as four 4-
level symbols.

RESET. Stop any current action. This
‘task’ takes effect immediately, and
terminates any current action (task , AQSC
or AQLEV) the modem may be performing
and sets the BFREE bit of the Status
Register high to a logic ‘1°, without setting
the IRQ bit. RESET should be used to set
the modem into a known state when V_is
applied.

Note that due to delays in the transmit filter,
it will take several symbol-times for any
change to become apparent at the TXOp
pin.

TLB

T4S

TSID

RESET

pController that it may write the next task
and its data to the modem.

Note that in TX mode the CRC2 checksum
circuits are initialized on completion of any
task other than NULL, TIB or TLB.

Transmit ‘Last’ Block. Takes 8 bytes of
data from the Data Block Buffer, updates
and appends the 4-byte CRC2 checksum,
translates the resulting 12-bytes to 4-level
symbols with (FEC), interleaves the
symbols and transmits the result as an RD-
LAP formatted ‘Last’ Block, inserting 'S'
symbols at 22-symbol intervals.

Once the modem has read the data bytes
from the Data Block Buffer, the BFREE
and IRQ bits of the Status Register will be
set to a logic ‘1’, indicating to the
pController that it may write the next task
and its data to the modem.

Transmit 4 Symbols. This task is similar
to T24S but takes only one byte from the
Data Block Buffer, transmitting it as four 4-
level symbols.

Transmit Station ID. This task takes 3 ID
bytes from the Data Block Buffer,
calculates and appends the 6-bit CRCO
checksum, translates the result to 4-level
symbols (with FEC) and transmits the
resulting 22 symbols preceded and
followed by 'S' symbols.

RESET. Stop any current action. This
‘task’ takes effect immediately, and
terminates any current action (task , AQSC
or AQLEV) the MX929 may be performing
and sets the BFREE bit of the Status
Register high to a logic ‘1’, without setting
the IRQ bit. RESET should be used to set
the modem into a known state when V_ is
applied.

Note: due to delays in the transmit filter, it
will take several symbol-times for any
change to become apparent at the TXOp
pin.
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Programming Information ......

RRC Filter Delay
The Task Timing figures detailed in Tables 6 and 7 are based upon: the signal at the input to the RRC Filter in
the transmit mode, or the signal at the input to the de-interleave circuits in the receive mode. As can be seen

from the diagram in Figure 17, there is an additional delay of approximately 8 (eight) symbol-times in both TX
and RX modes due to the (TX/RX) RRC Filter.

RRC Fier =~

Tx Symbol at Tx Out pin'/
Rx Symbol “from: FM_Discriminator - =~

Rx Symbol to Détmériea&e Buffer

Hl ,'l'
~—t

; Figure 17 i . EXaIﬁp/9$;of,F’.lter‘Dejay:Tj’ﬁes   ;

Transmit and Receive Task Timing

Data to Data Block Buffer |I|
Task to Command Register | [ 2 I3
. ts "N
IBEMPTY Bit | I
BFREE Bit ‘ ‘ l
b b b |
e > B ) >t i
i

Symbols to RRC Filter —] fom Task 1 |  fromTask 2 | from Task 3 }——o

Modem Tx Output

Figure 18 - MX919/929 TX Task Timing Diagram

Modem Rx Input

Symbols to
Dednterleave Circuit — for Task 1 for Task 2 | for Task 3 |———
1 1] ; ts ; t :
Data from Data Block Buffer
Task to Command Register s l 1 % l 2 4 l 3
<> v e T
P N I L&
BFREE Bit 1 [ l | T

Figure 19 - MX919/929 RX Task Timing Diagram
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MX919 Timing Typical
Timing | Notes Task (Symbol) Time
t Modem in idle state. Time from writing first task to the application of the Any 1
first TX symbol to the RRC Filter.
T24S/TSID 5
t, Time from the application of the first symbol of the task to the RRC Filter THB/TIB/TLB 16
until BFREE goes to a logic ‘1’ (high). T4S 1
T24S 24
THB/TIB/TLB 66
ty Time to transmit all symbols of the task. RHB/RILB 66
or T4S 4
Time to receive all symbols of the task SFS <24
SFSH <90
R4S 4
t, Maximum time allowed from BFREE going to a logic ‘1’ for the next task T24S 18
(and data) to be written to the modem. THB/TIB/TLB 49
T4S 2
SFSH 21
tg Maximum time between the first symbol of the task entering the RHB/RILB 49
de-interleave circuit and the task being written to the modem. SFS 21
R4S 3
t Time from last symbol of task entering the de-interleave circuit to BFREE Any 1
7 going to a logic ‘1"
Table 6 - Typical RX/TX Task Load Timings (MX919)
MX929 Timing Typical
Timing | Notes Task (Symbol) Time
ty Modem in idle state. Time from writing first task to the application of the Any 1
first TX symbol to the RRC Filter.
T24S/TSID 5
t, Time from the application of the first symbol of the task to the RRC Filter THB/TIB/TLB 16
until BFREE goes to a logic ‘1’ (high). T4S 1
T24S/TSID 24
THB/TIB/TLB 69
ty Time to transmit all symbols of the task. RSID 23
or RHB/RILB 69
Time to receive all symbols of the task T4S/R4S 4
SFP <48
SFS <25
T24S 18
t, Maximum time allowed from BFREE going to a logic ‘1’ for the next task THB/TIB/TLB 52
(and data) to be written to the modem. TSID 18
T4S 2
SFP/SFS 21
tg Maximum time between the first symbol of the task entering the RHB/RILB 51
de-interleave circuit and the task being written to the modem. RSID 15
R4S 3
t Time from last symbol of task entering the de-interleave circuit to BFREE Any 1
7 going to a logic ‘1"
Table 7 - Typical RX/TX Task Load Timings (MX929)
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Control Register

This 8-bit write-only register controls the modem's symbol-rate, the response times of the receive clock
extraction and signal level measurement circuits and the Frame Sync pattern recognltlon tolerance.

Figure 20 - The Control Register

Control Register

Table 8 shows how bit-rates of 2400/4800/9600 symbols per second may be obtained from common
Xtal/clock frequencies. The values of C, and C, should be suitable for the frequency of the Xtal X,.

For X, < 5.0MHz, C,= C, = 33.0pF; for X, > 5.0MHz, C,=C, = 18.0pF.

Clock Division Ratio: These bits control a frequency divider driven from the clock signal present
at the Xtal pin; this ratio and Xtal input will determine the nominal bit-rate.

Xtal Frequency (MHz)

2.4576 49152 9.8304
Division Ratio
Xtal Freq. Symbol Rate (symbols/sec.)
B7 B6 Symbol Rate
0 0 512 4800 9600
0 1 1024 2400 4800 9600
1 0 2048 2400 4800
1 1 4096 1200

Table 8 - Clock/Data Rates Note that device operation is not guaranteed or specified above 9,600symbols/s or below 2,400symbols/s

" Bs5,
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Frame Sync Tolerance: For use in the RX mode only; these bits have no effect in the RX
mode. These bits define the maximum number of mismatches which will be allowed during a
search for the Frame Sync pattern:

B5 B4 Mismatches Allowed
0 0

0
0o 1 2
1 0 4

1 1 6

Note that a single ‘mismatch’ is defined as the difference between two adjacent symbol levels;
if the symbol ‘+1’ were expected, then the received symbol values of ‘+3’ and ‘-1’ would count
as 1 mismatch, a received symbol value of -3’ would count as 2.

+3
+1
-1

-3

Symbol Levels
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Control Register ......

B3, B2 Level Measurement Response Time: These bits are only used in the RX mode and have no effect
LEVRES in the TX mode; they set the ‘normal’ response time of the RX signal amplitude and dc offset
measuring circuits. This setting will be temporarily overriden by the automatic sequencing of an
AQLEV command.

For most general-purpose applications using this modem, these bits should normally be set to ‘Peak
Averaging’, except when the pController detects a receive signal fade, when ‘Hold’ should be
selected. The ‘Peak Detect’ setting is intended for systems where the pController cannot detect
signal fades or the start of a received message; this setting allows the modem to respond quickly
to fresh messages and recover rapidly after a fade without pController intervention -this however
will be at the cost of reduced Bit-Error-Rate vs Signal-to-Noise performance.

The Signal Average setting is a test mode and should not normally be used.

Note that as the measured levels are stored on capacitors C, and C, via pins Doc 1 and Doc 2, these
levels will decay gradually towards V. when the ‘Hold’ setting is used; the discharge time-constant
is approximately 1000 symbol-times.

Table 9 details the bit-setting application.

B3 B2 Setting Action
0 0 Hold Keep current values of amplitude and offset
0 1 Peak Averaging Track input signal using bit peak averaging
1 0 Peak Detect Track input signal using peak detection
1 1 Signal Average Measure average signal level
Table 9

B1, B0 PLL Bandwidth: For use in the RX mode only (no effect in TX).

PLLBW

In the receive mode these two bits set the ‘normal’ bandwidth of the RX Clock Extraction Phase
Locked Loop circuit. This setting will be temporarily overridden by the automatic sequence of an
AQSC (Command Register Bit 7) command.

B1 BO PLL Bandwidth (xppm) Note

0 0 0 (Hold) For use during signal fades
0 1 30

1 0 250

1 1 50,000

Table 10

The ‘Hold’ setting is intended for use during signal fades otherwise the minimum bandwidth
consistent with the RX and TX modem symbol-rate tolerances should be chosen, i.e. if the Xtals
used with both modems have accuracies of +100ppm, the PLLBW bits (B1, B0) should be set to
‘17,0, .

The very wide bandwidth (‘1’, ‘1’) is intended for systems where the yController cannot detect signal
fades or the start of a receive message; it allows the modem to respond rapidly to fresh messages
and recover rapidly after a fade without pController intervention. This action however is at the
expense of reduced Bit-Error-Rate vs Signal-to-Noise performance.

Note that PLL bandwidth figures are intended for ‘a reasonably random received signal.’
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Mode Register
This 8-bit write-only register controls the basic operating modes of the modem.

Figure 21 - The Mode Register

“Mode Register
~=B7 | IRQ Output Enable: When set to a logic ‘1’ the Interrupt Request output will low (logic ‘0’)
" IRQEN whenever the IRQ bit (BIT 7) of the Status Register is set by the modem to a logic ‘1°.
When set to a logic ‘0’ the Interrupt Request output will not function and will remain in its high-
impedance state (see Pin Functions and Figure 11 - pController Interface).
©+ B6 | Invert Symbols: Controls the polarity (sense) inversion of transmitted and received symbol voltages.
. INVSYM B6 Symbol Signal at TX Out Signal at RX Feedback
' ‘ ‘0 +3’ above V¢ below V¢
0 -3 below V.o above V¢
1 ‘+3’ below Vg o above V¢
; P v -3 above V¢ below V¢
B5 . | TX/IRX Mode: When set to a logic ‘1’ places the modem in the Transmit mode; when set to a logic
TX/RX ‘0’ places the modem in the Receive mode. Note that changing between Transmit and Receive
o " | modes will cancel any current task.
B4 | Show RX Eye: This bit should be set to a logic ‘0’ for normal RX operation and always for TX
RX Eye | operation. Setting this bit to a logic ‘1’ in the receive mode configures the modem into a special test
R mode, in which the input to the TX Output Buffer is connected to the RX Symbol/Clock Extraction
circuit at a point which carries the equalized receive signal. This may be monitored with an
oscilloscope (at the TX Out pin before the external RC filter), to assess the quality of the complete
radio channel including the TX and RX modem filters, the TX modulator and the RX IF filters and
FM demodulator. The resulting ‘eye’ diagram (for reasonably random data) should ideally be as
e shown in Figure 7, with 4 ‘crisp’ and equally spaced crossings.
" B3 .. | Powersave: When set to a logic ‘1’ places the modem in its Powersave mode. In this mode the
PSAVE - . | following circuits only are disabled: Internal Filters, RX Symbol and Clock Extraction Circuits and
: the TX Output Buffer; the TX Out pin is connected to V. through a high-value resistance.
Xtal oscillator circuits and the pController Interface logic and the RX Input Amplifier continue to
operate. Note that RX clock and levels will be lost if Powersave mode is selected.
Setting to a logic ‘0’ restores power to all of the device circuitry and the modem is in its operational
mode. Note that the internal filters -and hence the TX Out pin in the TX mode- will take about 20
: symbol-times to settle after this bit is taken from a logic ‘1’ to ‘0’.
B2 | 'S' Symbol IRQ Enable (MX929 only): In Receive mode, setting this bit to '1' causes the IRQ
o SSIEN - | bit of the Status Register to be setto '1' whenever a new 'S' symbol has been received. (The SRDY
. '(ngzg)” bit of the Status Register will be set to '1' at the same time, and the SVAL bits updated to reflect

B1,B0
- SSYM
(ngzs)k,-,
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the received 'S' symbol.) In Transmit mode, setting this bit to '1' causes the IRQ bit of the Status
Register to be set to '1' whenever an 'S’ symbol has been transmitted. (The SRDY bit of the Status
Register will be set to '1' at the same time).

On the MX919, this bit should always be set to a logic ‘0’.

'S' Symbol to be Transmitted (MX929 only): For the MX929, these bits have no effect in RX
mode. In Transmit mode, these bits define the next 'S' symbol to be transmitted.
On the MX919, these bits should always be set to a logic ‘0’
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Status Register
This register may be read by the uController to determine the current state of the modem.

Status Register

7 6/5 4/3 2 1]/0]|

’ I SFJDV' I_(J

Figure 22 - The Status Register

BFREE DIBOVF

IRQ IBEMPTY CRCERR SVAL*

*MX929 ONLY.
Read as 0 0 0 on MX919

r
Status Register

B7
IRQ Interrupt Request: This bit is set to a logic ‘1’ by:

The Status Register BFREE bit going from a logic ‘0’ to ‘1’, unless this transition is caused
by a RESET Task or by a change to the Mode Register's PSAVE or TX/RX bits.
or
The Status Register IBEMPTY bit going from a logic ‘0’ to ‘1, unless this transition is
caused by a RESET Task or by a change to the Mode Register's PSAVE or TX/RX bits.
or
The Status Register DIBOVF bit going from a logic ‘0’ to ‘1°.

This (IRQ) bit is cleared to a logic ‘0" immediately after a read of the Status Register.
If the IRQEN bit of the Mode Register is a logic ‘1’, the MX919/929 IRQ output pin will be pulled
low (to V) whenever the Status Register IRQ bit is a logic ‘1",

B6 Data Block Buffer Free: BFREE reflects the availability of the Data Block Buffer; BFREE is
BFREE cleared to a logic ‘0’ (Buffer NOT Free) whenever a task other than NULL or RESET is written to
the Command Register.

In Transmit mode, the BFREE bit will be set to a logic ‘1’ (also setting the Status Register IRQ
bit to a logic ‘1) when the modem is ready for the pController to write new data to the Data Block
Buffer and the next task to the Command Register.

In Receive mode, the BFREE bit is set to a logic ‘1’ (also setting the Status Register IRQ bit to
a logic ‘1) by the modem when it has completed a task and any data associated with that task has
been placed into the Data Block Buffer. The yController may then read that data and write the next
task to the Command Register.

The BFREE bit is also set to a logic ‘1’ -but without setting the IRQ bit- by a RESET task or when
the Mode Register PSAVE or TX/RX bits are changed.

B5 Interleave Buffer Empty: In Transmit mode, IBEMPTY is set to a logic ‘1’ (also setting the IRQ
IBEMPTY | bit) when less than two symbols remain in the Interleave Buffer or the Interleave Buffer is empty.
Any transmit task written to the modem after IBEMPTY goes to a logic ‘1’ will be too late to avoid
a gap in the transmit output signal (see Figure 18 and Tables 6 & 7, TX Task Timing)
IBEMPTY is also set to a logic ‘1’ by a RESET task and by a change of the Mode Register PSAVE
or TX/RX bits, but in these cases the IRQ bit will not be set.

IBEMPTY is cleared to a logic ‘0’ within 1-symbol time after a task other than NULL or RESET is
written to the Command Register.

Note that when the modem is in the transmit mode and the Interleave Buffer is empty, a m|d level
(half-way between ‘+1’ and “~1’) will be fed to the RRCFilter.

In Receive mode this bit is a logic ‘0’.
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 (Mx929)

De-Interleave Buffer Overflow: In Receive mode DIBOVF is set to a logic ‘1’ (also setting the
IRQ bit) when an RHB, RILB, RSID or R4S task is written to the Command Register too late to allow
continuous reception (see Figure 19 and Tables 6 & 7, RX Task Timing).

DIBVOF is cleared to a logic ‘0’ by reading the Status Register, by writing a RESET task to the
Command Register or by changing the PSAVE or TX/RX bits of the Mode Register.

In Transmit mode this bit is a logic ‘0’.

CRC Checksum Error: In Receive mode CRCFEC will be updated at the end of an SFSH, RHB,
or RILB task to reflect the result of the receive CRC check.

Alogic ‘0’ indicates that the CRC was received correctly. A logic ‘1’ indicates that an error is present.
Note that this bit should be ignored when an ‘Intermediate’ block (which does not have an integral
CRC) is received.

CRCERR is cleared to a logic ‘0’ by a RESET task, or by changing the PSAVE or TX/RX bits of the
Mode Register.

In Transmit mode this bit is a logic ‘0’.

'S' Symbol Ready (MX929 only): In Receive mode, this bit is set to '1' whenever an 'S' symbol
has been received. The uC may then read the value of the symbol from the SVAL field of the Status
Register.

In Transmit mode, this bit is set to '1' whenever an 'S' symbol has been transmitted. The bit is
cleared to '0' by a read of the Status Register, by a RESET task or by changing the PSAVE or
TXRXN bits of the Mode Register.

On the MX919, this bit should always be set to a logic ‘0’.

Received 'S' Symbol Value (MX929 only): In Receive mode, these bits reflect the value of the
latest received 'S' symbol. In Transmit mode, these bits will be '0'".
On the MX919, these bits should always be set to a logic ‘0’

The Data Quality Register

In Receive Mode, the modem continuously measures the quality of the received signal by comparing the actual
received waveform over the previous 64 symbol times against an internally generated “ideal”. The result is placed into
bits 3 to 7 of the Data Quality Register for the uController to read at any time, bits 0 to 2 being always set to ‘0’. Figure
22 shows how the value (0 to 255) read from the Data Quality Register varies with the received signal-to-noise ratio. In
Transmit Mode all bits are set to a logic '0".

Figure 22 - Typical Data Quality Reading vs RX Signal-to-Noise Ratio
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MX919 & MX929 Modem Register Selection

MX919/MX929

The following diagram is a quick-reference to MX919/MX929 register allocations. The MX919/MX929 modem
appears to the programmer as 4 write-only 8-bit registers shadowed by 3 read-only registers. Individual registers

are selected by the A, and A  inputs.

Command Register

0|

TS

!

Reserved
AQSC AQLEV set o 0 0 0O

AQSC - Acquire Symbol Clock

Mode Register

TASK

AQLEV - Acquire Receive Signal Levels
TASK:

B2 B1 BO RX Mode

0 0 0 NULL

0 0 1 SFSH Search For Frame Sync + Head
0 1 0 RHB Read Header Block

0 1 1 RILB Read Intermediate or Last Block
1 0 0 SFS Search For Frame Sync

1 0 1 R4S Read 4 Symbols

1 1 0 NULL

1 1 1 RESET Cancel any Current Action
B2 B1 BO TX Mode

0 0 0 NULL

0 0 1 T248 Transmit 24 Symbols

0 1 0 THB Transmit Header Block

01 1 TIB Transmit Intermediate Block

1 0 0 TLB Transmit Last Block

1 0 1 T4S Transmit 4 Symbols

1 1 0 NULL

1 1 1 RESET Cancel any Current Action

IRQEN INVSYM TX/RX RxEYE PSAVE SSIEN"

*Bits 2, 1 and 0 are all set to "0’ for MX919

controlling pController.

the received signal.

|7]6]5 4]13/2[1]0]
IO R B g

SSYM*

IRQEN - IRQ Output Enable

INVSYM - Invert Symbol

TX/RX - Transmit or Receive Mode

RXEYE - Show RX Eye

PSAVE - Powersave

*SSIEN - S Symbol IRQ Enable (MX929 only)
*SSYM - S Symbol to TX (MX929 only)

Figure 23 - Ready-Use Guide to Register Functions

Register Selection
Write to Modem Ay A Read from Modem
Data Block Buffer 0 0 Data Block Buffer
Command Register 0 1 Status Register
Control Register 1 0 DQ Register
Mode Register 1 1 not used
Control Register

Data Block Buffer A 12-byte read/write buffer used to hold and transfer receive or transmit data to or from the

DQ (Data Quality) Register The information presented in this 8-bit register is intended to indicate the ‘quality’ of

[7le6l5]4[3 2 1][0]
[ R S B W S

CKDIV FSTOL LEVRES PLLBW
CKDIV - Clock Division Ratio
FSTOL - Frame Sync Tolerance
LEVRES - Level Measurement Response Time
B3 B2
0 0 Hold
0 1 Peak Averaging
1 0 Peak Detect
1 1 Signal Average
PLLBW - PLL Bandwidth
B1 BO Bandwidth (+/-ppm)
0 0 0 (Hold)
0 1 30
1 0 250
1 1 50,000

Status Register

[7l6]5/4a][3]2]1]0]
BFREE DIBOVF SRDY*
IRQ IBEMPTY CRCERR SVAL*
IRQ - Interrupt Request
BFREE - Data Block Buffer Free

IBEMPTY - Interleave Buffer Empty

DIBOVF - De-Interleave Buffer Overflow

CRCERR - CRC Checksum Error

*SRDY - S Symbol Ready (MX929 only)

*SVAL - Received S Symbol Value (MX929 only)

*Bits 2, 1 and 0 are all held to '0" for MX919

MX-COM, INC.
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Operational Information

MX919/929 “Transmit Frame” Example

The operations needed to transmit a single Frame consisting of Symbol and Frame Sync sequences and one each

Header, intermediate and Last blocks are shown in Figure 24 (below).

Mode
MX919 out of Powersave PSAVE =0
Setto TX TX/RX’1
Interrupt Enable as required IRQEN =X
RXEYE disabled RXEYE =0
Invert Symbol as required INVSYM ="X'
Ensure Data Block Buffer is FREE Status
BFREE =1’
Write 6 Symbol Sync bytes to Data Block Buffer Data Block Buffer
Write 6 Bytes
Transmit 24 Symbols Command (task)
Wait Interrupt - Interrupt occurs - Read Status Register Status
IRQ="1
BFREE ="1"
Write 6 Frame Sync bytes to Data Block Buffer Data Block Buffer
Write 6 Bytes
Transmit 24 Symbols Command (task)
Wait Interrupt - Interrupt occurs - Read Status Register Status
IRQ="1
BFREE =1
MX829 Only: Write-3 Station ID bytes to the Data Block Buiffer and’a TSID task to the Command ,Fy\égist,er S Data Block Buffer
NIX929 only: Wait Interript - ocers - Read Status Register - stats.
: RN A T R - IRQET
- & BFREE ="1"

Write 10 Header Block bytes to Data Block Buffer
Transmit Header Block

Wait Interrupt - Interrupt occurs - Read Status Register

Write 12 Intermediate Block bytes to Data Block Buffer
Transmit Intermediate Block

Wait Interrupt - Interrupt occurs - Read Status Register

Write 8 Last Block bytes to Data Block Buffer
Transmit Last Block

Wait Interrupt - Interrupt occurs - Read Status Register

Wait another Interrupt - Interrupt occurs - Read Status Register

NOTE: The final symbol of the frame will appear at the TX OUT pin approximately 8 symbol-times after the
Status Register IBEMPTY bit goes to a logic '1’; a further 16 symbol-times should be allowed for a symbol to

pass completely through the RRC Filter.

NOTE: MX929 Only: The SSYM bits of the Mode Register may be altered at any time to change the transmitted 'S’ symbols. If a timing
reference is required, then setting the Mode Register SSIEN bit to 1’ will cause a pC interrupt after every 'S’ symbol transmitted - in which case
the pC will have to distinguish between interrupts caused by the BFREE bit going to '1’, and those caused by the SRDY bit being set to 1’

Figure 24 - MX919/929 “Transmit Frame” Example

Data Block Buffer
Write 10 Bytes

Command (task)

Status
IRQ="1
BFREE =71

Data Block Buffer
Write 12 Bytes

Command (task)
TIB

Status
IRQ="1
BFREE =1’

Data Block Buffer
Write 8 Bytes

Command (task)

Status
IRQ="1
BFREE =71’

Status
IRQ="1
BFREE =1
IBEMPTY =1
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MX919/929 “Receive Frame” Example

_ RESET
plieds Tas} Ko

Voo AP rsaved: Mode
MX919 out of Powersave vice POWET o | BW a5 PSAVE ='0’
Set to RX Do EuRES and TX/RX
Interrupt Enable as required IRQEN =X
RXEYE disabled RXEYE =0’
Invert Symbol as required INVSYM ="X’
Ensure Data Block Buffer is FREE Status
BFREE =1’

Command (task)
Write SFSF

MX919 ONLY: Write a byte to set:
Search for Frame Sync + Header Block

Acquire Symbol Clock +AQSC + AQLEV
Acquire RX Signal Levels
MX929 ONLY: Write a byte to set: Command (task)
Search for Frame Preamble Write SFP
Acquire Symbol Clock +AQSC + AQLEV
Acquire RX Signal Levels
Wait Interrupt - Interrupt occurs - Read Status Register Status
Read IRQ, BFREE and CRCERR bits IRQ="71
BFREE =1’
CRCERR'0’
MX929 ONLY: Read 3 Station ID bytes from the Data Block Buffer Data Block Buffer
Read 3 Bytes
MX929 ONLY: Write a Read Header Block task to the Command Register Command (task)
Write RHB
MX929 ONLY: Wait Interrupt - Interrupt occurs - Read Status Register |§gw§'r
BFREE =1’
Check the CRCERR bit as a logic '0’ and the BFREE bit as a logic '1’ Data Block Buffer
Read 10 (Header Block) bytes from Data Block Buffer Read 10 Bytes
Command (task)
Write a Read Intermediate Block task to Command Register Write RIB
Status
Wait Interrupt - Interrupt occurs - Read Status Register IRQ="1
BFREE ="1’

Data Block Buffer

Read 12 (Intermediate Block) bytes from Data Block Buffer Read 12 Bytes
Command (task)

Write a Read Last Block task to Command Register Write RIB

Status
Wait Interrupt - Interrupt occurs - Read Status Register IRQ="1
BFREE =1’
Check the CRCERR bit as a logic '0"’ Data Block Buffer
Read 8 (Last Block) bytes from Data Block Buffer Read 8 Bytes

NOTE: MX929 ONLY: The value of the latest 'S’ symbol received will be contained in the SVAL bits each time the Status Register is
read. If desired, the Mode Register SSIEN bit may be set to "1’, which will cause a pC interrupt after every 'S’ symbol is received - in
which case the pC will have to distinguish between interrupts caused by the BFREE bit going to ’1’, and those caused by the SRDY
bit being setto ’'1".

Figure 25 - MX919/929 “Receive Frame” Example
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Operation Details

Forward Error Correction
Header/Intermediate/Last Block FEC
Transmit Mode, the MX919/929 translates the 96
bits of the block (12 bytes) into 66 4-level symbols as
follows:
The 12 bytes are divided into 32 groups of three bits
each (called tri-bits). An extra tri-bit ‘000’ is added
giving a total of 33 tri-bits. The 33 tri-bits are then
passed to a Trellis Encoder to give 66 4-level
symbols.
Receive Mode, the MX919/929 takes the 66 received
signals and decodes them into tri-bits.

Cyclic Redundancy Codes
CRCO0 (MX929 only)
This is a six-bit CRC check code used in the Station ID
Block. It is calculated by the modem from the first 24 bits
of the block (Bytes 0, 1 & 2) as follows:
The 24 bits are considered as the coefficients of a
polynomial M(x) of degree 23, such that the bit (7) of
byte O s the coefficient of x23, and bit 0 of byte 2 is the
coefficient of X".
The polynomial F(x) of degree 5 is calculated as being
the remainder of the division

XBMX)/(xB + x4 + x3 + 1)

where division is performed modulo-2 .

The polynomial XBaxt+x3+x2+x1+x0 is
added (modulo-2) to F(x)

The coefficients of F(x) are placed in the 6-bit CRCO
field, such that the coefficient of x5 corresponds to the
MSB of CRCO.

CRC1 (MX919/929)
This is a sixteen-bit CRC check code used in the Header

Block. It is calculated by the modem from the first 80 bits
of the block (Bytes 0 to 9 inclusive) as follows:
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The 80 bits are considered as the coefficients of a
polynomial M(x) of degree 79, such that the bit (7) of
byte 0 is the coefficient of x79, and bit 0 of byte 9is the
coefficient of X’.

The polynomial F(x) of degree 15 is calculated as
being the remainder of the division

x1BM(x)/(x16 + x12 + x5 + 1)

where division is performed modulo-2 .

The polynomial x15 x4+ x4 +x3 +x2 + x1 +
x0 (all coefficients = 1) is added (modulo-2) to F(x)
The coefficients of F(x) are placed in the 16-bit CRC1

field, such that the coefficient of x15 corresponds to
the MSB of byte 10 of the header block.

CRC2 (MX919/929)
This is a thirty-two-bit CRC check code transmitted at the
end of the ‘Last’ Block. It is calculated by the modem from
all of the data and pad bytes in the Intermediate Blocks
and in the first 8 bytes of the Last Block as follows:
Letk be the total number of bits in all of the bytes over
which the CRC is to be calculated.
These k bits are considered as the coefficients of a
polynomial M(x) of degree (k-1), such that the bit (7)
of byte 0 is the coefficient of xK-1, and bit 0 of the last
byte is the coefficient of x0.
The polynomial F(x) of degree 31 is calculated as
being the remainder of the division
x32M(x)/(x32 + x26 + x23 + x22 4 x16 4 x12 4
X1 x10 0387 o3+ x4 x2+x141)
where division is performed modulo-2 .
The polynomial x31x30 . 4 x4 1 x3 4+ x2 + x1+x0
(all coefficients = 1) is added (modulo-2) to F(x)
The coefficients of F(x) are placed in the 32-bit
CRC2 field, such that the coefficient of x31
‘corresponds to the msb of byte 8 of the ‘last’ block.
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Operational Information ......

Interleaving

MX919/MX929

The 66 symbols of a ‘Header’, ‘Intermediate’ or ‘Last’ block are interleaved by the modem before transmission to

give protection against noise bursts and short fades.
Interleaving is not performed on the Frame or Symbol Synchronization sequences.

o 1 2 3 4 5 6 7 8 9 10 11 13 14
19 20 21 22 23 24 25 26 27 28 29 30 31 32
37 38 39 40 41 42 43 44 45 46 47 48 49 50

55 56 57 58 59 60 61 62 63 64

15 16 17 18
33 34 35 36
51 52 53 54

Considering the 66 4-level symbols to be numbered sequentially (as above) before interleaving, then after

interleaving the symbols will be transmitted in the sequence shown below:
First
o 1 8 9 16 17 24 25 32 33 40 41 48 49

2 3 10 11 18 19 26 27 34 35 42 43 50 51
12 13 20 21 28 29 36 37 44 45 52 53 60 61
22 23 30 31 38 39 46 47 54

The inverse operation (De-Interleaving) is performed in the receive mode.

MX-COM, INC.

56 57 64 65

58 59 4 5
6 7 14 15
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Operational Information ......
Received Signal Acquisition

Level Measurement and Clock Extraction

To achieve reasonable error rates the MX919/929
needs to make accurate measurements of the received
signal amplitude, DC offset and symbol timing, and of
course accurate measurements -especially in the
presence of noise- are best made by averaging over a
relatively long time period.

In most cases the modem will be used to receive
isolated messages from a distant transmitter that is only
turned on for a very short time before the message starts;
also, the received baseband signal from the radio’s
frequency discriminator will have a dc offset due to small
differences between the receiver and transmitter reference
oscillators and hence their ‘carrier’ frequencies.

To provide for this situation, AQSC and AQLEV
(Acquire Symbol Clock and Level) commands are provided
which, when triggered, cause the modem to follow an
automatic sequence designed to perform the
measurements as quickly as possible. See the section
on the Command Register.

Acquire Receive Signal Levels
AQLEV Command Register

The Acquire Receive Signal Levels (AQLEV) sequence
starts with a measurement of the average signal voltage
over a period of 1 symbol-time to provide a reference for
the next stage, which is to measure the positive-going
and negative-going peaks of the signal.

The attack and decay times used in this ‘peak detect’
mode are such that a sufficiently accurate measurement
can be made within 16 symbols of a ‘43 +3 -3 -3. .
pattern (i.e the Symbol-Sync sequence) to allow the
Symbol-Clock Extraction circuits to operate.

Once the symbol-clock extraction circuits have
detected the presence of a sufficiently coherent signal
then, provided that the LEVRES bits of the Control
Register have been set to the ‘Peak Averaging’ setting or
‘Hold’, this measurement will cease after 16 symbol-
times, and the final values kept; otherwise the circuits will
continue in the ‘Peak Averaging’ mode.
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Acquire Symbol Clock (AQSC) Command Register

The Acquire Symbol Clock (AQSC) sequence follows
a similar pattern; starting with a very fast initial estimate
of the received symbol timing, then reducing the bandwidth
of the Phase Locked Loop as a coherent signal is
detected until the limit reached by the (Control Register)
PLLBW bits is reached.

A pController is able to detect the received carrier and
therefore knows when to issue the AQSC and AQLEV
commands. Note that due to a delay through the RRC
filter, the AQSC and AQLEV sequences should not be
started until about 8-symbol times after the RX carrier
has been detected at the discriminator output.

In a system where the controlling pController is not
able to detect the RX carrier, the AQSC and AQLEV
sequences may be started at any time; possibly when no
carrier is being received. However in this case the clock
and level acquisition operation will take longer as the
circuits will have to recover from the change from a large
amplitude noise signal at the output of the frequency
discriminator to the wanted signal, probably with a dc
offset. In this type of system the time between the turn-
on of the transmitter and the start of the Frame Sync
pattern should be extended -preferably by extending the
Symbol Sync sequence to 32 or even 48 symbols.

Note that the clock extraction circuits work by detecting
the timing of changes between opposite polarity symbols,
i.e. a change from ‘+3 to -3’ or -1’ to ‘+1’. They will
eventually fail if only 1 symbolis transmitted continuously.
Similarly, the level measuring circuits require ‘+3’ and ‘-
3’ symbols to be received atreasonably frequentintervals.

LEVRES Peak Detect and Peak Averaging

‘Further information on this subject is currently
unavailable in this “Advance Information”
Document
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MX919/MX929

Specifications

Absolute Maximum Ratings Operating Limits

Exceeding the maximum rating can result in device | Alldeviceswere measured underthe following conditions
damage. Operation of the device outside the operating | unless otherwise noted.

limits is not suggested.

Supply Voltage -0.3 to 7.0V V,, = 5.0V
Input Voltage at any pin
(ref V=0V) -0.3 to (V,+ 0.3V) Taue = 25°C
Smk/gﬁ;;i; ;i)rt]xsr;ent +30mA Symbol Rate = 4800 symbols/sec
(other pins) +20mA _
Total Device Dissipation Xtal/Clock = 4.9152 MHz
(@ T,,,=25°C) 800mW max.
Derating 10 mW/°C
Operating Temperature -40°C to +85°C
Storage Temperature -55°C to +125°C
haracteristics See Note = Min. = Typ.
Static Values
Supply Voltage (V) 4.5 - 5.5 \
Supply Current (powersaved) 1 - 1.0 15 mA
Supply Current (not powersaved) 1 - 11.0 16.0 mA
Symbol Rate ‘ 2400 - 9600  symbols/sec
TX Output
Impedance (not powersaved) 2 - 1.0 25 kQ
Impedance (powersaved) 2 - 500 - kQ
Signal Level 3 0.8 1.0 1.2 Vp-p
RX Input
Impedance (RX In pin) - 10.0 - MQ
RX Input Amp Voltage Gain - 500 - VIV
Input Signal Level 4 0.7 1.0 1.3 Vp-p
Input dc Offset (wrt V_/2) 4 -0.5 - 0.5 \)
Xtal/Clock Input
'High' pulse width 5 40.0 - - ns
'Low' pulse width 5 40.0 - - ns
Input Impedance 10.0 - - MQ
Inverter Gain (I/P = 1mV rms @ 1kHz) 20.0 - - dB
Xtal/Clock Frequency 2.0 - 10.0 MHz
pController Interface
Input logic '1' level 6,7 Vo 1.5 - - \Y
Input Logic '0' level 6,7 - - 1.5 \%
Input Leakage Current (V, =0V to V) 6,7 -5.0 +5.0 pA
Input Capacitance 6,7 - 10.0 - pF
Output Logic '1' Level (IOH = 120pA 7 Vg 0.4 \
Output Logic '0' Level (IOL = 360pA) 7,8 - - 0.4 \
'Off' State Leakage Current (V = V) 8 - - 10 pA
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Specifications ......
Modem Read/Write Load Timing

Conditions: V,;, =4.510 5.5V; T, =-40°C to +85°C; with a maximum load of 30pF to V  on pins D, toD,

Description Note Min. Typ. Max. Unit
teq “Address Valid” to “CS Low” time 0 - - ns
t,,  “Address Hold” time 0 - - ns
tyw  “CS Hold” time 0 - - ns
tegu  “CS High” time 6.0 - - Xtal/Clock Cycles
tesawe ‘CS” to “WR” or “RD” Low time (0] - - ns
t,n ‘Read-Data Hold” time 0 - - ns
tow  Write-Data Hold time 0 - - ns
tew Write-Data Set-Up” time 90.0 - - ns
toes.  “RD High” to “CS Low” time (write cycle) 0 - - ns
too Read Access” time from “CS Low” - - 175 ns
toa  Read Access” time from “RD Low” - - 145 ns
te “RD” Low time 200 - - ns
tox “RD High” to “D-D, 3-State” time - - 50.0 ns
tucs. “WR High” to “CS Low” time (read cycle) 0 - - ns
e “WR” Low time 200 - - ns
WRITE CYCLE (DATA TO MODEM) b
ADDRESS >< ADDRESS VALID ‘
cs
WR
RD
DATA DATA %
Do to D; (1 byte) VALID ¥
READ CYCLE (DATA FROM MODEM) Y <
QBD:ESS >< ADDRESS VALID ><
<—> tacsL ) )
_— tosn <—> | —_ — :
twhcsL <—> t '
WR / i tespw _,
- N —
' / <—~—> trx
toar torm 4 |
B D, (1 byte) T{ DATA VALID >——
Figure 26 - MX919/929 - uProcessor Read/Write Timing
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Specification Notes:
1.V, =5.0V, T, = 25°C; not including any current drawn from the modem pins by external circuitry.
2. Small signal impedance (dynamic measurement) at 1kHz.
3. Measured after the external CR filter, for a “+3 +3 -3 -3 +3 +3 -3 -3 ... symbol sequence; at V=
5.0V (output level is proportional to V).
For optimum performance, measured at the RX Feedback pin, fora ‘+3 +3-3-3 +3 +3-3-3 ...
symbol sequence.
Timing for an external input to the Xtal/Clock pin.
WR, RD, CS, A, and A, pins.
D, - D, pins.
IRQ pin.

>

®No o

0 0.2 0.4 0.6 0.8 1
Frequency/Symbol Rate

Figure 27 - RRC Filter Response

Signal-to-Noise Performance

107 i
J|;
== Raw BER
aw
102 ~> without FEC
¥ “\
‘
L

= S
& AL
T q0° = -
g . A\
s N
g -
. BER with FEC ———
o applied

10 N

N
10° 4 5 6 7 8 9 10 11 12
SIGNAL-TO-NOISE RATIO (dB) (Noise in 0 - 9600Hz Band)
Figure 28 - Typical Error Rates at 4800 Symbols/sec

MX-COM, INC. Page 139



MX-COM, INLC.

Advance Information

MX939

LOW VOLTAGE DUAL MODE CDPD/AMPS-WBD
FULL-DUPLEX DATA MODEM

FEATURES
* MX*COM MiXed SIGNAL CMOS
e FULL-DUPLEX GMSK MODEM
* SAT TONE DETECTION & REGENERATION
* WIDE BAND DATA (WBD) MODEM
* LOW VOLTAGE OPERATION
37055V
* POWERSAVING MANAGEMENT MODES
¢ DIGITALLY CONTROLLED I/O SIGNAL LEVELS
* 180° TWO-POINT TX OUTPUT
* SERIAL PORT COMPATIBLE WITH DSP
INTERFACE
* PARALLEL pP CONTROL INTERFACE
* COMPLIES WITH CDPD 1.0 STANDARD

Description
The MX939 is chronous Modem IC designed
cations. Employing Gaussian

g GMS baseband modulation,

Minimum Shift.Ke

operation. Optionally, the MX939 may be Pray! ‘

APPLICATIONS

e CDPD FULL-DUPLEX DATA MODEM

* AMPS WIDE BAND FULL-DUPLEX DATA
MODEM WITH SAT CONTROL

* TQFP PACKAGE FITS PCMCIA

MX939TG
48-pin TQFP

MX939P
40-pin PDIP

the digitally controlled gain blocks. 180° out of phase
outputs are possible using the additional inverting digitally
controlled gain block, allowing two-point modulation.
The TX and RX data interfaces are bit serial,
synchronized to TX and RX data clocks generated by the
modem.
Aprogrammable Powersave mode ensures minimum
power consumption. The MX939 is available in DIP and

for AMPS circuit switched
WBD operation including o FX SIGNAL
SAT tone detection and IRQ 4——— <:]:| IN
regeneration. In this mode Vaus
i 8BIT 8

an interrupt occur_s PARALLEL ﬂEéEgIBG}{ﬂC/-\&_
whenever the SAT tone is | |NTERFACE g
detected. _ pP

In its AMPS WBD €S ™ Interface GAl
capacity, the MX939 WRITE —»] ™ | xsianaL
accepts NRZ data and oo P SELECT »
converts it to Manchester READ > .8‘ p| OETECTON D
encoded data for ADDRESS 0 ——P REGENERATION
transmission. It also r___AuxeAm
receives Manchester ADDRESS 1 N
encoded data and outputs COPD/WIDE v AUX GAIN
sliced data directly at BAND DATA 4 T— 5 AUXGAN
10kbps. e

Input and output signal ) )
levels canbe adjusted using | Figure 1 - Block Diagram
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8 BIT 8
PARALLEL
INTERFACE

CS —»|

WRITE —»

READ ——pf

ADDRESS 0 ——»|

ADDRESS 1 ————pf

uP
Interface

CDPD/WIDE
BAND DATA

4 LINE SERIAL<
INTERFACE

Figure 2 - Detailed Block Diagram
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MX939

3-10
15
16
17

18
19

20
21

22
23

30
31
32
33
34
35
36

37
38

39

40

Xtal: The output of the on-chip clock oscillator.

Xtal/Clock: The input to the on-chip Xtal oscillator. A Xtal, or externally derived clock (f,,,)
pulse input should be connected here. If an externally generated clock is to be used, it should be
connected to this pin and the “Xtal” pin left unconnected. Note that operation of the MX939
without a suitable Xtal or clock input may cause device damage.

DATA 1/0 0-7: 8 bi-directional 3-state pP interface data lines.

RX FB: The output of the RX Input Amplifier and the input to the RX Filter.

RX Signal In: The input to RX input amplifier.

Voast The internal circuitry bias line, held at V /2. This pin must be decoupled to V by a
capacitor mounted close to the pin.

Connections to the RX Level Measurement Circuitry. A capacitor should be
onnect d from each pin to V.

AUX Gain In:
AUX Gain Out:

pin
controlled

CS (Chip Select): This is an active low logi
or write operation.

TRQ: This is a “wire-ORable” output for connection to the:
It has a low impedance pull-down to V, when active, and

WRITE: This active low logic level input is used to control the writi
the controlling puP.

READ: This active low logic level input is used to control the reading of data f
into the controlling puP.

ADDRESS 1: These are logic level register select inputs.
ADDRESS 0:

RX Data: A logic level output carrying the received data, synchronous with RX CLK.
RX CLK: A logic level clock output at the received data bit-rate.

TX Data: The logic level input for the data to be transmitted. This data should be synchronous
with TX CLK.

TX CLK: A logic level clock output at the transmit-data rate.

TX & RX Data, and TX & RX Clk form the serial I/O interface for the CDPD or wide band data
modems with the bit rate frequencies listed below:

Modem Type RX Data RX Clk TX Data TX Clk
CDPD 9.6kHz max. 19.2kHz 9.6kHz max. 19.2kHz
AMPS WBD 10kHz max. 20kHz 5kHz max. 10kHz

V,,: Positive supply rail. A single +5 volt power supply is required. Levels and voltages within
this modem are dependent upon this supply. This pin should be decoupled to V by a capacitor
mounted close to the pin.

Note: Pin-out for the 48-pin TQFP is T.B.D.
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| ] V
1
e | MX939J o
! 1 \ 7
1 X R
! =" Sa | | «—— 1 | x7AL Vo 20
1
! | ——— 2| xTAUCLOCK TXCLK |39 p
! C
i :‘— . | F<—§> DATA 1/0 0 TXDATA |38 }_ Sorial 10
(= mwoosc g <« DATA 10 1 RXCLK |37 | Data Lines
<«—5p{ pata 10 2 RXDATA |36, |
oo ulF/’O—-l <« pata 0 3 ADDRESS 0 [43% — —
ata
<«——"»] DATA 10 4 ADDRESS 1 |¢34—
«——8)pata o s READ (¢33 | TouP,
«——% paTA 10 6 WRITE {32 Control
L<—1°> DATA 1/0 7 Ra |21 »
1 ne Cs f2 |
2 ne Ne | 20
31 ne Ne | 28
R, 14| ¢ ne | 27
—— 15 { mx B Ne | 26
Ra =—¢Cs 16, 25
» RX SIGNAL IN NC
Ci{_ a4 VBIAS NC 24
Cs 18 23 )
T DOC 1 AUX GAIN OUT |—==——— AUX Gain Out
RX SIGNAL ci 191 boc 2 AUXGAIN IN }¢22  AUX Gainln
IN
I c, - 20! Ve mouT |21 »1x Signal Out
T 1
Component Value Component Value
R, 1.0MQ C, 33pF
R, Note 1 C, Note 1
R, 100kQ C, 1.0uF
C, T.BD C, 15pF
C, T.B.D C, 15pF
X, 1.44MHz
Notes
1. R,, R,, C, and C, form the gain components for the RX
Input signal. They should be chosen as required by the
signal input level.
Figure 3 - External Components Actual Pin-out T.B.D.
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Application Information for CDPD/Wide Band Data

RX Signal Path Description
The function of the RX circuitry is to:
1. Set the incoming signal to a usable level.
2. Clean the signal by filtering.
3. Provide d.c. level thresholds for clock and data
extraction.
4. Provide clock timing information for data extraction
and external circuits.
5. Provide RX data in a binary form.

The output of the radio receiver's Frequency
Discriminator should be fed to the MX939's RX Filter via
a suitable gain and d.c. level adjusting circuit. This gain
circuit can be built, with external components, around the
on-chip RX Input Amplifier.

Positive going signal excursions at RX Feedback pin

will produce a logic “0” at the RX Data Output. Negative
going excursions will produce a logic “1.”

The received signal is fed through the lowpass RX
Filter, which has a -3dB corner frequency of 0.56 times
the data bit-rate, before being applied to the Level
Measure-and Clock and Data extraction blocks.

The Level Measuring block consists of two voltage
detectors, one of which measures the amplitude of the
‘positive’ parts of the received signal. The other
measures the amplitude of the ‘negative’ portions.
External capacitors are used by these detectors, via the
Doc 1/2 pins, to form voltage ‘hold’ or ‘integrator’ circuits.
Results of the two measurements are then processed to
establish the optimum d.c. level decision-thresholds for
the Clock and Data extraction, depending upon the RX
signal amplitude and any d.c. offset present.

RX Circuit Control Modes

The operating characteristics of the RX Level
Measurement and Clock Extraction circuits are
controlled, as shown in Table 1, by logic level inputs
applied to the ‘PLLacq,” ‘RX Hold’ and ‘RXDCacq.’

As shown in Figure 4, a data transmission generally
begins with a preamble such as “1010101010,” to allow
the receiving modem to establish timing- and level-lock
as quickly as possible. During the time that the preamble
is expected, the ‘RXDCacq’ and ‘PLLacq’ inputs should
be switched from a logic “0 to 1” so that the Level
Measuring and Clock Extraction modes are operated
and sequenced as shown.

The ‘RX Hold’ input should normally be held at a logic

“1” while data is being received, but may be driven to a
logic “0” to freeze the Level Measuring and Clock
Extraction circuits during a fade. If the fade lasts for less
than 200 bit periods, normal operation can be resumed
by returning the ‘RX Hold’ input to a logic “1” at the end
of the fade. For longer fades, it may be better to reset the
Level Measuring circuits by placing the ‘RXDCacq’ to a
logic “1” for 10 to 20 bit periods.

‘RX Hold’ has no effect on the Level Measuring
circuits while ‘RXDCacq’ is at a logic “1,” and has no
effect on the PLL while ‘PLLacq’ is at a logic “1.”

A logic “0” on ‘RX Hold’ does not disable the ‘RX
Clock’ output, and the RX Data Extraction and S/N
Detection circuits will continue to operate.

PREAMBLE DATA
— RX signal
/- Carrier Det.
(RSSI)
RXDC Acquire
Pt - - - - - - - - o - m o m e mm - > Level Measuring
ClLAMp FAST PEAK AVERAGING Circuit Mode
DETECT PEAK DET.
- PLL Acq.
‘“N_M__N' ————————————— » Clock Extraction
ACQUIRE MEDIUM BW NARROW BW Circuit Mode
Figure 4 - RX Mode Control Diagram
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Application Information ......

PLLacq RX Hold

PLL Action

wym X
“7 1o “0” wym
“Q wyn
QP “Q”

Acquire: Sets the PLL bandwidth wide enough to allow a lock to the received signal in less
than 8 zero crossings. The Acquire mode will operate as long as PLLacq is a logic “1”.

Medium Bandwidth: The correction applied to the extracted clock is limited to a maximum
of +T.B.D. bit-periods for every two received zero-crossings. The PLL operates in this mode
for a period of about 30 bits immediately following a “1” to “0” transition of the PLLacq input,
provided that the RX Hold input is a logic “1”.

Narrow Bandwidth: The correction applied to the extracted clock is limited to a maximum
of +T.B.D. bit-periods for every two received zero-crossings. The PLL operates in this mode
whenever the RX Hold Input is a logic “1” and PLLacq has been a logic “0” for at least 30
bit periods (after Medium Bandwidth operation, for instance).

Hold: The PLL feedback loop is broken, allowing the RX Clock to freewheel during signal
fade periods.

RXDCacq RX Hold

RX Level Measure Action

“Q” to “1” X
o X
“qp “yr
uqy gy

Table 1 - PLL and RX Level Measurement Operational Modes

ClGain: Operates for one bit-time after a “0” to “1” transition of the RXDCacq input. The
external capacitors are rapidly charged toward a voltage halfway between the received
signal input level and V., with the charge time-constant being approximately 0.5bit-time.
Fast Peak Detect: The voltage detectors act as peak-detectors. One capacitor is used to
capture the ‘positive’-going signal peaks of the RX Filter output signal; the other captures
the ‘negative’-going peaks. The detectors operate in this mode whenever the RXDCacq
input is at a logic “1,” except for the initial 1-bit CIGain-mode time.

Averaging Peak Detect: Provides a slower but more accurate measurement of the signal
peak amplitudes.

Hold: The capacitor charging circuits are disabled so that the outputs of the voltage
detectors remain substantially at the last readings (discharging very slowly [time-constant

approx. 2,000 bits] towards V).

RX Clock Extraction

Synchronized by a phased locked loop (PLL) circuit
to zero-crossings of the incoming data, the ‘RX Clock
Extraction’ circuitry controls the ‘RX CLK’ output. The RX
Clock is also used internally by the Data Extraction
circuitry. The PLL parameters can be varied by the ‘RX
Circuit Control’ inputs PLLacq and RX Hold to operate in
one of four PLL modes as described in Table 1.

RX Data Extraction

The ‘RX Data Extraction’ circuit decides whether each
received bitis a “1” or “0” by sampling the output of the RX
Filter in the middle of each bit-period, and comparing the
sampled voltage against a threshold derived from the ‘Level
Measuring’ circuit. This threshold is varied on a bit-by-bit
basis to compensate for intersymbol interference. The
extracted data is output from the ‘RX Data’ pin, and should
be sampled externally on the rising edge of the ‘RX CLK.’

TX Signal Path Description

The binary data applied to the ‘TX Data’ input is
retimed within the chip on each rising edge of the ‘TX
Clock’ and then converted to a binary signal centered

about V..

The TX Filter has a lowpass frequency response,
which is designed to minimize amplitude and phase

MX-COM, INC.

distortion of the binary signal while providing sufficient
attenuation of the high frequency-components which
would otherwise cause interference into adjacent radio
channels.

The signal at TX Out’ is centered around V., going
positive for logic “1” (high) level inputs to the ‘TX Data’
input and negative for logic “0” (low) inputs.
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Application Information ......

FM Modulator, Demodulator and IF

For optimum performance, the ‘eye’ pattern of the
received signal (when receiving random data) applied to the
MX939 should be as close as possible to the Transmit ‘eye’
pattern example shownin Figure 5. Of particularimportance
are general symmetry and cleanliness of the zero-crossings.

To achieve this, attention must be paid to:

- Linearity and frequency/phase response of the TX
frequency modulator. Unless the transmit data is
encoded to remove low frequency components, the
modulator frequency response should extend down
toafew Hz. This is because two-point modulation is
necessary for synthesized radios.

- Bandwidth and phase response of the RX IF filters.
Accuracy of the TX and RX carrier frequencies -any

difference will shift the received signal towards one of
the skirts of the IF filter response.

Ideally, the RX demodulator should be d.c. coupled to
the MX939 ‘RX Signal In’ pin (with a d.c. bias added to
center the signal at the RX Feedback pin around V, /2

[Vaiusl ), however a.c. coupling can be used provided that:

- The 3 dB cut-off frequency is 20Hz or below
(i.e. a 0.1uF capacitor in series with 100kQ).

- The data does not contain long sequences of
consecutive ones or zeroes.

- Sufficient time is allowed after a step change at the
discriminator output (resulting from channel changing
or the appearance of an RF carrier) for the voltage
into the MX939 to settle before the ‘RXDCacq’ line is
strobed.

Figure 5 - Typical Transmit Eye Pattern

Data Formats

The receive section of the MX939 works best with data
which has a reasonably ‘random’ structure --the data
should contain approximately the same number of ‘ones’ as
‘zeroes’ with no long sequences of consecutive ‘ones’ or
‘zeroes’. Also, long sequences (>100 bits) of ‘10101010 ...
patterns should be avoided.

For this reason, it is recommended that data is
randomized in some manner before transmission, for

example by ‘exclusive-ORing’ it with the output of a binary
pseudo-random pattern generator.

Where data is transmitted in bursts, each burst should
be preceded by a preamble designed to allow the receive
modem to establish timing and level lock as quickly as
possible. This preamble should be atleast 16 bits long, and
should preferably consist of alternating pairs of ‘1’s and ‘0’s
i.e. ‘110011001100 ....."; the pattern ‘10101010 ...." should
not be used.

‘Acquisition’ and ‘Hold’ Modes

The ‘RXDCacq’ and ‘PLLacq’ inputs must be pulsed
‘High’ forabout 16 bits at the start of reception to ensure that
the d.c. measurement and timing extraction circuits lock-on
to the received signal correctly. Once lock has been
achieved, then the above inputs should be taken ‘Low’
again.

In most applications, there will be a d.c. step in the
output voltage from the receiver FM discriminator due to
carrier frequency offsets as channels are changed or when
the distant transmitter is turned on.

The MX939 can tolerate d.c. offsets in the received
signal of at much as +0.5V with respect to V., (measured
at the RX Feedback pin). However, to ensure that the d.c.
offset compensation circuit operates correctly and with
minimumdelay, the ‘Low’ to ‘High’ transition of the ‘RXDCacq’
and ‘PLLacq’ inputs should occur after the mean input
voltage to the MX939 has settled to within about 0.1V of its
final value. (Note that this can place restrictions on the value
of any series signal coupling capacitor.)
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As well as using the ‘RX Hold’ input to freeze the Level
Measuring and Clock Extraction circuits during a signal
‘fade,” RX Hold may also be used in systems which employ
a continuously transmitting control channel to freeze the
receive circuitry during transmission of a data packet,
allowing reception to resume afterwards without losing bit
synchronization. To achieve this, the MX939 Xtal’ clock
needs to be accurate enough that the derived ‘RXClock’
output does not drift by more that about 0.1 bit time from the
actual received data-rate during the time that the ‘RXHold’
input is ‘Low’.

The ‘RXDCacq’ input, however, may need to be pulsed
‘High’ to re-establish the level measurements if the ‘RXHold’
input is ‘Low’ for more that a few hundred bit-times.

The voltages on the Doc1 and Doc2 pins reflect the
average peak positive and negative excursions of the
(filtered) receive signal, and could therefore be used to
derive a measure of the data signal amplitude.
Note however, that these pins are driven from very high-
impedance circuits, so that the d.c. load presented by any

external circuitry should exceed 10MQ to V..
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Read and Write Registers - Memory Map

Read Only HEX | READ | WRITE| CS | BIT7 | BIT6 | BIT5 |BIT4 | BIT3 | BIT2 | BIT1 BITO
Status Register | $0 0 1 0 0 0 0 0 0 0 COLOR CODE
Write Only
GAIN 1 Register | $0 1 0 0 |— — —AUXGAN— — —|— — — — TXGAIN — — — —
GAIN 2 Register | $t 1 0 0 X X X X |————RXGAN— — — —
Control Register | $2 1 0 0 x x  |IRQMask| Hold | PLlacq| DCacq | MODE

x =don't care
Read Only Register

TATUS Register (HEX ress
This read only register contains the status of the color code as described below:

COLOR CODE (Bits 0 and 1)

Bits 0 and 1 indicate the SAT tone frequency or “COLOR CODE” of the incoming signal according to the table
below. Whenever the COLOR CODE changes an interrupt may occur, depending on the state of the IRQ mask
(Bit 5) in the control register.

Measured Frequency Measured SAT Where COLOR CODE
of Incoming Signal Determination Bit1 | Bit0

f<f, No valid SAT f, = 5955 + 5Hz 1 1

f,<f<f, SAT = 5970 f, = 5985 + 5Hz 0 0

f,<f<f, SAT = 6000 f, = 6015 = 5Hz 0 1

f,<f<f, SAT = 6030 f, = 6045 + 5Hz 1 0

f<f No valid SAT 1 1

No SAT Received No valid SAT 1 1

Table 2 - Color Code Frequencies

Write Only Register
GAIN ister (HEX address
This write only register controls the MX939's gain functions as described below:

AUX GAIN (Bits 7, 6, 5 and 4)
This 4-bit number specifies the gain of the auxiliary amplifier. The desired gain is selected according to Table
3. In the OFF state the amplifier is in a powersave mode, and the output is taken to bias via a 500kQ resistor.

TX GAIN (Bits 3, 2, 1 and 0)
This 4-bit number specifies the TX gain. The desired gain is selected according to Table 4. In the OFF state
the amplifier is in a powersave mode, and the output is taken to bias via a 500kQ resistor.

Bit 7 Bit 6 Bit 5 Bit 4 Gain dB Bit 3 Bit 2 Bit 1 Bit 0 Gain dB
0 0 0 0 OFF 0 0 0 0 OFF
0 0 0 1 -3.0 0 0 0 1 -3.0
0 0 1 0 -2.571 0 0 1 0 -2.571
0 0 1 1 -2.143 0 0 1 1 -2.143
0 1 0 0 -1.714 0 1 0 0 -1.714
0 1 0 1 -1.286 0 1 0 1 -1.286
0 1 1 0 -0.857 0 1 1 0 -0.857
0 1 1 1 -0.428 0 1 1 1 -0.428
1 0 0 0 0 1 0 0 0 0
1 0 0 1 0.428 1 0 0 1 0.428
1 0 1 0 0.857 1 0 1 0 0.857
1 0 1 1 1.286 1 0 1 1 1.286
1 1 0 0 1.714 1 1 0 0 1.714
1 1 0 1 2.143 1 1 0 1 2.143
1 1 1 0 2.573 1 1 1 0 2.573
1 1 1 1 .30 1 1 1 1 3.0

Table 3 - AUX Gain Register Table 4 - TX Gain Register
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GAIN 2 Register (HEX address $1)

This write only register controls the MX939's gain functions as described below:

RX GAIN (Bits 3, 2, 1 and 0)
This 4-bit number specifies the RX gain. The desired gain is selected according to Table 5 below.

Bit 3 Bit 2 Bit 1 Bit 0 Gain dB
0 0 0 0 OFF
0 0 1 -3.0
0 0 1 0 -2.571
0 0 1 1 -2.143
0 1 0 0 -1.714
0 1 0 1 -1.286
0 1 1 0 -0.857
0 1 1 1 -0.428
1 0 0 0 0
1 0 0 1 0.428
1 0 1 0 0.857
1 0 1 1 1.286
1 1 0 0 1.714
1 1 0 1 2.143
1 1 1 0 2.573
1 1 1 1 3.0
Table 5 - RX Gain Register

TROL ister (HEX address $2
This register controls the MX939's functions as described below:

MODE (Bits 1 and 0)
This 2-bit number configures the MX939 to function as a CDPD, SAT Tone or Wide Band Data Modem
described in Table 6 below.

Bit 1 Bit 0 CDPD SAT Tone Wide Band Data
0 0 Powersaved Powersaved Powersaved
0 1 Enabled Powersaved Powersaved
1 0 Powersaved Enabled Powersaved
1 1 Powersaved Powersaved Enabled
Table 6 - Mode Control Register

RXDCAcq (Bit 2)

A logic “1” applied to this bit will set the RX Level Measurement circuitry to the acquire mode. This applies to

both the CDPD and the Wide Band Data Modem functions.

PLLAcq (Bit 3)

A logic “1” applied to this bit will set the RX Clock Extraction circuitry to the acquire mode. This applies to

both the CDPD and the Wide Band Data Modem functions.

Hold (Bit 4)

A logic “0” applied to this bit will “freeze” the Clock Extraction and Level Measurement circuits unless they are

in the acquire mode. This applies to both the CDPD and.the Wide Band Data Modem functions.

IRQ Mask (Bit 5)

When this bit is set to “1” the COLOR CODE interrupt will be gated out to the IRQ pin. When this bit is set to

“0” the COLOR CODE interrupt will be inhibited.
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Timing Information

WRITE CYCLE (DATA TO MX939)

ADDRESS , i
A0, A1 :>< ADDRESS VALID ! K

>

CS————\ tcsh :H: | '

: - teshi .

———p

1

|

j

|

trhes! i —p!
i

READ S | ldswy )

DATA D0-D7 ><:(VALID DATAN

WRITE

 tdhw
.

READ CYCLE (DATA FROM MX939)

tah e
ADDRESS ; Y
Ao A7 padt ADDRESS VALID ! K
4> tacs! j o |
CS —:—\ tcsh H—V/:/—\‘
twhesl :u—yi ! ;4—-———-——Vt05hi ;
WRITE g .
T e,
; _ trl L
READ \ ':/,‘ > trx
! Nﬁ_ﬂ_’l tdhr'<———>ii
'4 tracl > '
Period Note Min. Typ Max. Units
tacsl:  Address valid to CS low time 0 - - ns
tah: Address hold time 0 - - ns
tecsh:  CS hold time 0 - - ns
teshi: ~ CS high time 6 - - xtal cycles
tesrwl:  CS to WRITE or READ low time 0 - - ns
tdhr: Read data hold time 0 - - ms
tdhw:  Write data hold time 0 - - ns
tdsw:  Write data setup time 90 - - ns
trhesl: READ high to CS low time (write) 0 - - ns
tracl:  Read access time from CS low 1 - - 175 ns
trarl: Read access time from READ low 1 - - 145 ns
trl: READ low time 200 - - ns
trx: READ high to DO-D7 3-state time - - 50 ns
twhesl: WRITE high to CS low time (read) 0 - - ns
twl: WRITE low time 200 - - ns

Note 1: With 30pF max. to Vs on D0-D7 pins.
Figure 6 - Parallel WP Interface Timing
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Specifications
Absolute Maximum Ratings Operating Characteristics
Exceeding the maximum rating can result in device All devices were measured under the following

damage. Operation of the device outside the operating | conditions unless otherwise noted.
limits is not suggested.

Supply Voltage -0.3 to 7.0V Vi, = 5.0V
Input Voltage at any pin .
(ref V,=0V) 0310 (V,#03v) | Tae=25C
Sink/Source Current Xtal/Clock f, = 1.44 MHz
(supply pins) +30mA
(other pins) +20mA Noise bandwidth = bit rate
Total Device Dissipation
(@ T,,,=25°C) 800mW max.
Derating 10 mW/°C
Operating Temperature -40°C to +85°C
Storage Temperature -55°C to +125°C

Supply Voltage (V) 3.0 - 5.5 \Y
Static Values
Supply Current
Powersaved 1 - 1.0 TBD mA
Enabled 1 - 8 TBD mA
Transmit Pa

TX Output |mpedancz

Enabled kQ
Powersaved kQ
TX Signal Level
CDPD V p-p
AMPS WBD V p-p
SAT V p-p
Receive Parameters
RX Input Impedance MQ
RX In Amp Voltage Gain VIV
RX Input Signal Level
CDPD 45 TBD 1.0 TBD Vp-p
AMPS WBD 4,5 TBD 1.7 TBD V p-p
SAT 4,5 TBD 0.4 TBD V p-p
Xtal/Clock Input
High Pulse Width 6 TBD - - ns
Low Pulse Width 6 TBD - - ns
Input Impedance TBD - - MQ
Voltage Gain (i/p = 1ImVrms @ 1kHz) TBD - - dB
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uP Interface

Input Logic “1” Level 17,18 Vy-1.15 - - \
Input Logic “0” Level 17,18 - - 15 \Y
Input Leakage Current 17,18 TBD - TBD LA
Input Capacitance 17,18 - 10.0 - pF
Logic “1"Output Level at IOH = 120pA 18 V0.4 - - Vv
Logic “0"Output Level at IOL = 360pA 18,19 - - 0.4 \
“Off” State Leakage Current (V = V) 19 - - TBD uA
AUX Gain
Input Impedance k TBD - - kQ
Output Impedance Enabled - 1 - kQ
 Powersave - 500 - kQ
Bandwidth (-3dB) : TBD - - kQ
Total Harmonic Distortion ‘ 7 - 0.35 TBD %
Output Noise Level ER 8 - 180 TBD mVrms
Onset of Clipping 9 . TBD - - Vp-p
RX Gain, TX Gain, AUX Gain ekl o
Gain 10 - TBD - TBD dB
Gain per Step 10 - 0.43 - dB
Step Error 10 L TBD dB
SAT Characteristics e
SAT RX Decode Response 16 - 200 TBD ms
SAT RX Not Decode Level TBD
SAT TX Phase Step Response 11 - - TBD ms
SAT TX Phase Jitter TBD - TBD degrees
SAT TX S/N - - TBD %
CDPD Characteristics
CDPD RX Bit Rate - 19.2 - kbps
CDPD RX Data Delay 13 - - TBD bit periods
CDPD RX BER TBD
CDPD TX Bit Rate - 19.2 - kbps
CDPD TX BT - 0.5 -
CDPD TX Data Delay 12 - 1.5 TBD bit periods
AMPS WIDE BAND DATA (WBD) Characteristics
WBD RX Bit Rate 15 - 20 - kbps
WBD RX Data Delay 13 - - TBD bit periods
wBD RX BER TBD
WBD TX Bit Rate 14 - 10 - kbps
WBD TX Data Delay 12 - 1.5 TBD bit periods
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Notes

Not including current drawn from the MX939 pins by external circuitry.

Small signal impedance.

Measured with a 5V supply and the TX gain amplifier set to 0dB.

Measured with a 5V supply, the RX gain amplifier set to 0dB, and 0dB gain in the input amplifier.
Typical levels equate to carrier deviations of +8kHz for WBD, +4.8kHz for CDPD, and +2kHz for SAT.
he levels are directly proportional to the supply voltage.

Timing for an external clock input to the Xtal/clock pin.

Gain set to 0dB, input level of 549mVrms at 1kHz.

With an A.C. short-circuit input, measured in a 30kHz bandwidth.
With a 5 volt supply.

CoNOdO RN~

10. With reference to a 1kHz signal.

11. Time to settle to within 10° of final steady state phase.

12. Measured between the rising edge of “TX Clock’ and the center of the corresponding bit at ‘TX Out.’
13. Measured between the center of bit at ‘RX Signal In’ and corresponding rising edge of the ‘RX Clock’.
14. Input as NRZ data and converted on chip to Manchester encoded data.

15. Output as Manchester encoded data at a frequency of twice the NRZ data rate.

16. S/N T.B.D.

17. WRITE, READ, CS, A0 and A1 pins.

18. DO-D7 pins.

19. TRQ pin.
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Technical Specifications

Section 2:
Sub-Audio Tone
Signaling/Detection

The following section contains specifications on MXeCOM's
Sub-Audio Tone Signaling/Detection IC's. Included in this
section are digital, CTCSS and Pvt SQUELCH™ devices.
Pvt SQUELCH, MX+COM's “privacy” method, is a combination
of CTCSS and speech inversion.

A thorough explanation of Pvt SQUELCH is given in the Applica-
tions section of this book (see Appendices).

Device Description Page

MX315A CTCSS Encoder p. 155
MX165B CTCSS Encoder/Decoder with Audio Filter p. 160
MX165C CTCSS Encoder/Decoder with Audio Filter p. 169
MX365A CTCSS Encoder/Decoder with Audio Filter p. 178
MX275 Pvt SQUELCH™ CTCSS Encoder/Decoder p. 187
MX375 Pvt SQUELCH™ CTCSS Encoder/Decoder p. 195
MX805A Sub-Audio Signaling Processor p. 204

MX-COM, INC.
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MX315A

CTCSS ENCODER

Features

® Field Programmable Tone Encoder

e 40 CTCSS Frequencies

e Crystal-Controlled Frequency Stability
e Low Distortion Sinewave Output

e Few External Components Required

e CMOS Low Power Requirements

Applications

e Mobile Radio Base Stations & Repeater Stations
e Mobile Radios

¢ Hand-Held Radios

e Industrial Controls

e Intercom Systems

e Door-Entry Systems

Description

The MX315A is a monolithic CMOS tone encoder for
sub-audible tone squelch systems. It provides three more
frequencies than the earlier MX315: 69.3, 97.4 and
206.5 Hz. The tone frequencies are derived from an input
reference frequency. An on-chip inverter is provided to
drive an external crystal circuit.

MX315AJ (CDIP) MX315ADW
MX315AP (PDIP) (SOIC)
14 pins 16 pins

Tone selection is achieved through six programming
inputs and two control inputs (which allow either a logic “1”
or “0” to enable the device). A low distortion sinewave is
generated at the TX Tone Output when the MX315A is
enabled. The emitter follower output stage can source
1mW directly into a 600Q load (0dBm).

Xtal/Clock ——[ >0 Genereter
il 4 I
@ Binary Programmed Clocks
DO0-D5 Rate
Multiplier |
TX Tone
TX Tone ! Sinewave
a;quare
lave X Output
Voo o XU ~o Emitter |3 TX Tone Output
N ~ Follower
TX Enable
TEnable
TX Enable ]
Figure 1 - Internal Block Diagram
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Pin Function Chart

J,P|DW
1 1 D3 DO0-D5 are tone select inputs with internal pull-up resistors. The logic combination at
2 2 D2 these inputs determines the encoded CTCSS tone. See Table 1.
3 3 D1 The input sequence is not latched and may be changed at any time. A logic “1” will
4 4 DO be programmed if the input is open circuit, allowing the use of SPST switches.
5 5 D4
6 6 D5
7 7 V¢s: Negative Supply Voltage.

8 8 Xtal/Clock In: This is the input to the CMOS inverter. It can be used in conjunction with the Xtal
output to form the active element in a crystal oscillator circuit. Alternatively, a logic level 1MHz
frequency can be injected at this pin. However, the supply voltage should never be applied
without the input clock signal.

9 9 Xtal Output: This is the output of the CMOS inverter. When used as a crystal oscillator, track
lengths and loading of this pin should be minimized.

10 10 Internal Connection: Do not use.
11 N/C
12 |[N/C

11 13 |TX Tone Output: This is the tone output pin. It includes a low impedance emitter follower stage
for sourcing sinusoidal tone. The tone is generated about a DC level of approximately 1/2 V..
The pin is high impedance when not encoding.

12 14 |TX Enable Input: This logic input has an internal pull-up resistor. A logic “0” at this pin enables
the MX315A.

13 15 |TX Enable Input: This ldgic input has an internal pull-down resistor. A logic “1” at this pin
enables the MX315A. :

14 16 | Vp,: Positive Supply Voltage.

MX315A External Components (see Figure 2)
Figure 2 illustrates the required external components:
® The 1MQ resistor is used to bias the internal CMOS inverter into its linear mode. A tolerance of +20% is
acceptable.
® “X1”is a parallel resonant crystal. A reference frequency of 1 MHz +0.19% is required to maintain a tone
accuracy within 0.5%.

Where two or more circuits are required to use a single oscillator (i.e. repeater applications), the signal at Xtal can
be used to drive one additional Xtal/Clock input. Any further circuits can be driven from the buffered Xtal output of the
second device.

The program code can be set on the D0-D5 inputs by hardwired logic levels or SPST switches to V
in Figure 2 (allowing the internal pull-up resistors to program a logic “1”).

The MX315A provides both a TX Enable input and a TX Enable input. Either input can be used to enable the tone
output, with the unused pin left open circuit (internal resistors establish a valid logic level and prevent damage). Any
configuration of PTT switch or TX signal can therefore be interfaced.

s 8S illustrated
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%

D___

MICROPHONE

VOICE_BAND
FILTER

Voo

4 2 11 |5 16
DO D1 D2 D3 D4 DS

1 _J_1M XTAL/CLOCK
MHZEL =
e vxaisal

P L ] [P—
O=={TX ENABLE
PTT

SUMMING T
AMPLIFIER MODULATOR

a1

Application

TX TONE OUT

Figure 2 - External Components and Typical

TX ENABLE

RISETIME ,
ENVELOPE

TX TONE
OuUTPUT

D.C. GROUND

D.C. GROUND

0
9 FUNDAMENTAL
% 10
Iﬂ 30 TX TONE SPECTRUM
of o
=3
5~ 5
B o J
o | i
2, 3 4, 5, efp 7 Bf

Figure 3 - Tone Encoding Sequence and

Spectral Response

FREQUENCY

Application Notes

The MX315A is dedicated to Continuous Tone-controlled Squelch Systems (CTCSS) in radio applications.
However, it can be used wherever encoding of low-frequency tones is required, such as intercoms, door-entry systems
and various industrial applications.

The performance of a CTCSS system can be degraded if speech frequencies in the signaling spectrum are not
removed prior to transmission. This can be accomplished by filtering the microphone signals to attenuate frequencies
below 250 Hz. Figure 2 illustrates the addition of TX Tone Output to the filtered microphone signals prior to modulation.
Figure 3 illustrates the TX Tone Output sequence and a typical spectral analysis.

Interfacing and Electromagnetic Capability
The MX315A requires a clock of 1 MHz, which is internally converted to logic level square waves. Consideration
should therefore be given to possible interference problems with RF or IF circuitry caused by 1 MHz or its harmonics.

A decoupling capacitor can be used to reduce ripple on the power supply. This will reduce the level of
superimposed noise on the supply caused by internal switching transients (particularly at 1 MHz and f ).

MX-COM, INC.
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67.0 67.06 +.10 1 1 1 1 1 1 3F
69.3 69.37 +.10 1 1 1 0 0 1 39
71.9 71.84 -.08 0 1 1 1 1 1 1F
74.4 74.33 -.10 1 1 1 1 1 0 3E
77.0 76.99 -.02 0 0 1 1 1 1 OF
79.7 79.65 -.06 1 1 1 1 0 1 3D
82.5 82.50 0.0 0 1 1 1 1 0 1E
85.4 85.34 -0.7 1 1 1 1 0 0 3C
88.5 ‘ 88.62 +.14 0 0 1 1 1 0 OE
91.5 91.38 -13 1 1 1 0 1 1 3B
94.8 94.88 +.08 0 1 1 1 0 1 1D
97.4 97.46 +.06 1 1 1 0 1 0 3A
100.0 99.87 -13 0 0 1 1 0 1 oD
103.5 103.39 -1 0 1 1 1 0 0 1C
107.2 107.17 -.03 0 0 1 1 0 0 oC
110.9 110.85 -.0 0 1 1 0 1 1 1B
114.8 114.80 0. 0 0 1 0 1 1 0B
118.8 118.60 -17 0 1 1 0 1 0 1A
123.0 123.12 +.10 0 0 1 0 1 0 0A
127.3 127.50 +.16 0 1 1 0 0 1 19
131.8 131.67 -.10 0 0 1 0 0 1 09
136.5 136.69 +.14 0 1 1 0 0 0 18
141.3 141.48 +.13 0 0 1 0 0 0 08
146.2 145.96 -.16 0 1 0 1 1 1 17
151.4 151.45 +.03 0 0 0 1 1 1 07
156.7 156.59 -.07 0 1 0 1 1 0 16
162.2 162.10 -.06 0 0 0 1 1 0 06
167.9 168.01 +.07 0 1 0 1 0 1 15
173.8 173.43 -21 0 0 0 1 0 1 05
179.9 180.21 +.17 0 1 0 1 0 0 14
186.2 186.46 +.14 0 0 0 1 0 0 04
192.8 193.16 +.19 0 1 0 0 1 1 13
203.5 202.88 -.31 0 0 0 0 1 1 03
206.5 206.78 +.14 1 1 1 0 0 0 38
210.7 210.84 +.07 0 1 0 0 1 0 12
218.1 217.96 -.07 0 0 0 0 1 0 02
225.7 225.58 -.05 0 1 0 0 0 1 11
233.6 233.75 +.07 0 0 0 0 0 1 01
241.8 24254 +.31 0 1 0 0 0 0 10
250.3 250.06 +.10 0 0 0 0 0 0 00
Test 4032 0.0 1 1 0 0 1 1 33 (orany
invalid
address)
Table 1 - CTCSS Tone Programming
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Specifications
Absolute Maximum Ratings Operating Limits
Exceeding the maximum rating can result in All devices were measured under the following
device damage. Operation of the device outside the conditions unless otherwise noted.
operating limits is not suggested.
Supply Voltage 0.3Vto 7.0V Vpp = 5V
Device Dissipation @ 85°C ~ 100mW T =925C
Operating Temperature -30°C to +85°C AMB
Storage Temperature -55°C to +125°C Clock = TMHz

Supply Voltage (V) 4.5 5.0 5.5 \
Supply Current (operating) - 1.5 4.5 mA
Input Impedance 1 - 500 - kQ
Input Impedance 2 - 10 - MQ
Logic Input “1” 3.5 - - Vv
Logic Input “0” - - 1.5 \
TX Output EMF 3 550 775 - mVrms
TX Risetime - 1 - ms
TX Tone Output Load Current - - 5 mA
TX Distortion 3 - 2 5 %
Variation in Output Level Between Tones 3 - 0.1 - dB
Notes:

1. Refers to DO, D1, D2, D3, D4, D5, TX Enable and TX Enable inputs.
2. Refers to Xtal/Clock input.
3. Any program tone and R = 600, C_ = 15pF. THD measurements are taken in the 0-6 kHz bandwidth.
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MX165B

CTCSS ENCODER/DECODER
WITH TX/RX AUDIO FILTERS

FEATURES

¢ 39 CTCSS Tones + Notone
TX/RX Audio Filters

TX Tone Phase Reversals

Serial or Parallel Programming
Low Voltage Supply: 3.0 to 5.5 V

BENEFITS

¢ Scanning of any Channel
* Improved Sinad

e Squelch Tail Elimination
e Easy puP Interface

Description

Voice on shared radio channels is multiplexed with

subaudible CTCSS tone as a means of directing' mes-

sages among user groups sharing the same RF:fre-

quency. Continuous Tone Controlled. Squelch System

(CTCSS) modulates the transmitter ’wrth adiscrete ton
taken from a field of 39 .in‘the range of 67 to: 250"
according to TlA/EIA—603 tandard plus. 69.3Hz ‘and
97.4Hz. Groups of: radio receivers segregated by com-
mon interest and assngned tone, emodulate the voice/
tone mixture for voice messa jes to be heard.

The MX165B CTCSS Encoder/Decoder enhances voice/
tone multiplexing with an on-chip filter that attenuates TX
speech 36dB at 250Hz, while passing signals >300Hz with
only +1dB of ripple.

Page 160

At only 6dB/octave,

APPLICATIONS

¢ Mobile Radio Channel Sharing

* Wireless Intercom

* TIA/EIA-603 - 37 Tone Plus 97.4Hz &
69.3Hz

e Serves 3-Cell Applications

*

MX165BLH
24 pin PLCC

MX165BDW
24 pin SOIC

:ihéll’ attenuation of speech compo-
nents atthe htgher CTCSS tones was only afew dB, which
resulted.in’ “talk-off” (low frequency voice components
unsguelching the receiver audio).

The MX165B features TX/RX selection and a LOAD/
LATCH pin. A Notone program code has been included to
permit scanning channels without CTCSS. A choice of
serial or parallel tone programming is offered. Operation
of the PTL signal during TX reverses the phase of the
transmitted CTCSS tone by 180°. This is used in some
radios to eliminate squelch tails.

The MX165B requires a single 3.75- or 5-volt supply and
a 1 MHz clock or crystal.
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PIN FUNCTION TABLE

Pin

Function

MX165A
MX365A

1

2

3

10

11

12

13

14

15

16

V,,: Positive Supply.
Xtal/Clock: Input to the on-chip inverter used with a 1 MHz Xtal or external clock source.
Xtal: Output of the on-chip inverter (clock output).

Load/Latch: Controls 8 on-chip latches and is used to latch RX/TX, PTL, and DO-D5. This pin is
internally pulled to V. Alogic “1” applied to this input puts the 8 latches in “iransparent” mode. A logic
“0” applied to this input puts the 8 latches in the “latched” mode. In parallel mode data is loaded and
latched by a logic 1-0 transition (see Fig. 3). In serial mode data is loaded and latched by a 0-1-0 strobe
pulse on this pin (see Fig. 4).

D5/Serial Enable 1: Data input D5 (in parallel mode). A logic “1” applied to this input together with
a logic “0” applied to D4/Serial Enable 2 will put the device in serial mode (see Fig. 4). This pin is
internally pulled to V.

D4/Serial Enable 2: Data input D4 (in parallel mode). A logic “0” applied to this input together with
alogic “1” on pin 5 will place the device in serial mode (see Fig. 5). This pin is internally pulled to V.

D3/Serial Data Input: Data input D3 (in parallel mode). In serial mode this pin becomes the serial data
input for D5-D0, RX/TX and PTL (see Fig. 4). D5 is clocked first and PTL last. This pin is internally
pulled to V.

D2/Serial Clock: Data input D2 (in parallel mode). In serial mode this pin becomes the serial clock
input. Data is clocked on the positive going edge (see Fig. 4). This pin is internally pulled to V..

D1: Data input D1 (in parallel mode). This pin is internally pulled to V.

DO: Data input DO (in parallel mode). This pin is internally pulled to V.

Vs Negative supply.

Decode Comparator Ref.: This pin is internally biased to V /3 or 2V /3 via 1M resistors depending
on the logical state of the RX Tone Decode Out pin. RX Tone Decode Out = 1 will bias this input 2V /

3; a logic “0” will bias this input V, /3. This input provides the decode comparator reference voltage,
and switching of bias voltages provides hysteresis to reduce “chatter” under marginal conditions.

RX Tone Decode Out: This is the gated output of the decode comparator. This output is used to gate
the RX Audio path. A logic “0” on this pin indicates a successful decode and that the Decode
Comparator Input pin is more positive than the Decode Comparator Ref. input (see Table 1).

Decode Comparator Input: This is the inverting input of the decode comparator. This pin is normally
connected to the integrated output of the RX Tone Detect line.

RX Tone Detect: in RX mode this output will go to logic “1” during a successful decode. It must be
externally integrated to control response and deresponse times (see Table 1).

TX Tone Out: The CTCSS sinewave output appears on this pin under control of the RX/TX pin. This
pin, when not transmitting a tone, may be biased to V,-0.7V or O/C (see Table 1). This pin is an emitter
follower output with high impedance load, requiring capacitive coupling or a low impedance (<1k<2) load
to ground.
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MX165B
PIN FUNCTION TABLE

Pin Function

17 RX/TX: This input (in parallel mode) selects RX or TX modes (see Fig. 2). In serial mode this function
is serially loaded. This pin is internally pulled to V via a 1MQ resistor.

18 PTL: In parallel RX mode this pin operates as a “Push To Listen” function by enabling the RX audio
path, thus overriding the tone squelch function. In parallel TX mode this pin reverses the phase of the
transmitted CTCSS tone (used for squelch tail elimination). In serial mode this function is serially
loaded (see Fig. 2).

19 RX Audio Out: This is the high pass filtered receive audio output pin. This pin outputs audio when
RX Tone Decode =0, or PTL = 1, or when Notone is programmed (see Table 2). In TX mode this pin
is biased to V /2.

20 TX Audio Out: This is the high pass filtered transmit audio output pin. In TX mode this pin outputs
audio present at the TX Audio Input pin. In RX mode this pin is biased to V /2.

21 Bias: This pinis the output of an internally generated V /2 bias level and would normally be externally
decoupled to V via capacitor C7.

22 TX Audio In: This is the TX Audio input pin. In TX mode it may be prefiltered, using the TX audio
path, thus helping to aviod talkoff due to intermodulation of speech frequencies with the transmitted
CTCSS tone. This pin is internally biased to V /2.

23 RX Audio In: This is the input to the audio high pass filter in RX mode. It is internally biased to V /2.

24 Tone Input: This is the input to the CTCSS tone detector. It is internally biased to V /2.

NOTE: Pins labeled “N/C” (no connect) may have internal connections. Do Not Use.
v \_/
DD Component Values
C]:E TONE IN —<—|§§ = R1 1MQ
v A 2 XAL/CLOCK px AUD IN P R2 560kQ
b .2@“5%")(] %R] 3 |XTAL Y ™ AUD IN __(_”21__ R3 820kQ
T 4 __ X1 1MHz
LOAD/LATCH BIAS 1. Ci 0.1uF
| S AN - 5 V) X AUD OUT —||L> I Co 68pF
»6 104 RX AUD OUT __||£Z_, ; c3 33pF
AR 8 84 g-l u:z
2p2 RX/X :Z - o8 0..47L:1F
L v 9y TONE OUT| -2} C8 c7 0.1uF
10| 5o RX DETECT HO> w2 cs 0.1uF
1y, DECODE |14 R3Z I co 0.1uF
] 1213 COMP. IN 57 C10 0.1uF
= — 5| COMP. REF |13 C9;E ci1 0.1uF
RX DECODE}—=—» ~ D1 small signal
MX165BJ
Tolerances: Resistors: +10%
Capacitors: +20%
. . Xtal: +0.1%
Figure 2 - External Component Diagram
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MX165B

1/0 CONDITIONS
INPUT PIN OUTPUT PIN
CONDITION CONDITION RESULT/FUNCTION
_ Decode | RX Tone Tone TX Tone | TX Audio Tone RX Audio
D0-D5 RX/TX | PTL Comp. | Tone Decode Transmitter | Phase Path Decoder Path Notes
Input | Detect Enabled Reversed | Enabled | Enabled | Enabled
Tone 0 0 X 0 1 Yes No Yes No No (bias) 1a
Tone 0 1 X 0 1 Yes Yes Yes No No (bias) 1b
No tone 0 X X 0 1 No (bias) X Yes No No (bias) 2
—
Tone 1 0 -0 0 1 No (o/c) X No Yes No (bias) 3a
Tone 1 1 0 0 1 No (o/c) X No Yes Yes 3b
Tone 1 X 1 1 0 No (o/c) X No Yes Yes 4
No tone 1 X X X (o] No (o/c) X No Yes Yes 5
Table 1 - Combinations of Input/Output Conditions ;lizgﬂfg::écu"
Notes:
1a. Normal tone transmit condition.
1b. Tone transmit with phase reversed.
2 Notone programmed in TX mode, tone transmit O/P set to V, /2 - 0.7V. TX audio path enabled.
3a. Normal decode standby.
3b. Normal decode standby with PTL used to enable audio.
4. Normal decode of correct CTCSS tone condition, PTL has no effect.
5. Notone programmed in RX mode, tone transmit O/P (o/c). RX audio path enabled.
FILTER RESPONSE
Gain (dB)
O J—
10 —
-20 — CTCSS Frequencies Voiceband Frequencies
-30 —
-40 —
-50 —
60 — :
_ 250.3
70 I I T T
100 200 300 400
Frequency (Hz)
Figure 3 - Voiceband Filter Response
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SERIAL AND PARALLEL MODE TIMING

MX165B

tl min. = 400ns
tsp min. = 400ns

Figure 4 - Parallel Mode (not to scale)

DO-D5 g
RXTX, PTL %

1

]

1 1 1

I 1 1

:’: :4 tl

——————————————— L o - —(NOte)
LOAD/LATCH 1
(Note) : l
—! |la—isp

Note: For wired, non microprocessor applications Load/Latch should be connected to V..

Note 1: Serial bit 1 through bit8=Ds, Dy, D3, D,, D, Do,

r Ax/Tx and PTL respectively.
Loadbit 1 first, bit 8 last.

Figure 5 - Serial Mode (not to scale)

j )
SERIAL ‘)‘/ io,
ENABLET § gocees” | Necmemccccccccccmammmmmmmceemmcmmmmme e
N e - -
SERIAL RN D,
ENABLE 2 ,/ [
0---- T 1T
- :4—!} <——M—->'
1 - E E —
DATA AN 0
ol P D G DD SIE D @it
0 - :
| —»1 —-—1c
SERIAL —I :Dz
CLOCK
0 1 r
1SS ——— [
ininieie W Sttt bt de b bbbk daiabobbd St dnde b it dedd ( g' ----------- batnlebded et deehbteted \
Y DON'TCARE } - 1M1 PULLUP tD.
DONT I D NS .- (l _____ - —
CARE B e e
R DONTCARE | - 1M PULLUP o
Sl N - _---_( (.- -t ’
—= f—1:1
oan/ TN ‘ G
LATCH e i \r
ti=  min400nS
tc=  min400nS —i tz
tss= min400nS
tw= min400nS ‘E:’IQHED
U= min400nS A { } | b—
2= min400nS LOADDATA LATCHDATA
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MX165B

Tone Programming Inputs
Nominal MX165B N\ fo (%) D5 D4 D3 D2 D1 DO Hex
Frequency (Hz) Freq. (Hz)
67.0 67.05 +0.07 1 1 1 1 1 1 3F
69.3 69.32 +.03 1 1 1 0 0 1 39
71.9 71.9 0 0 1 1 1 1 1 1F
74.4 74.35 -0.07 1 1 1 1 1 0 3E
77.0 76.96 -0.05 0 0 1 1 1 1 OF
79.7 79.77 +0.09 1 1 1 1 0 1 3D
82.5 82.59 +0.1 0 1 1 1 1 0 1E
85.4 85.38 -0.2 1 1 1 1 0 0 3C
88.5 88.61 +0.13 0 0 1 1 1 0 OE
91.5 91.58 +0.09 1 1 1 0 1 1 3B
94.8 94.76 -0.04 0 1 1 1 0 1 1D
97.4 97.29 -0.11 1 1 1 0 1 0 3A
100.0 99.96 -0.04 0 0 1 1 0 1 oD
103.5 103.43 -0.07 0 1 1 1 0 0 iC
107.2 107.15 -0.05 0 0 1 1 0 0 oC
110.9 110.77 -0.12 0 1 1 0 1 1 1B
114.8 114.64 -0.14 0 0 1 0 1 1 0B
118.8 118.8 0 0 1 1 0 1 0 1A
123.0 122.8 -0.17 0 0 1 0 1 0 0A
127.3 127.08 -0.17 0 1 1 0 0 1 19
131.8 131.67 -0.10 0 0 1 0 0 1 09
136.5 136.61 +0.08 0 1 1 0 0 0 18
141.3 141.32 +0.02 0 0 1 0 0 0 08
146.2 146.37 +0.12 0 1 0 1 1 1 17
1514 151.09 -0.2 0 0 0 1 1 1 07
156.7 156.88 +0.11 0 1 0 1 1 0 16
162.2 162.31 +0.07 0 0 0 1 1 0 06
167.9 168.14 +0.14 0 1 0 1 0 1 15
173.8 173.48 ~-0.19 0 0 0 1 0 1 05
179.9 180.15 +0.14 0 1 0 1 0 0 14
186.2 186.29 +0.05 0 0 0 1 0 0 04
192.8 192.86 +0.03 0 1 0 0 1 1 13
203.5 203.65 +0.07 0 0 0 0 1 1 03
210.7 210.17 -0.25 0 1 0 0 1 0 12
218.1 218.58 +0.22 0 0 0 0 1 0 02
225.7 226.12 +0.18 0 1 0 0 0 1 11
233.6 234.19 +0.25 0 0 0 0 0 1 01
241.8 241.08 -0.30 0 1 0 0 0 0 10
250.3 250.28 -0.01 0 0 0 0 0 0 00
Notone N/A 1 1 0 0 0 0 30
Serial Input Mode N/A 1 0 Data Clock X X 2X
Test 4082 N/A 1 1 0 0 1 1 33orany
invalid
Table 2 - CTCSS Tones address
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS OPERATING LIMITS
Exceeding the maximum rating can result in device All devices were measured under the following
damage. Operation of the device outside the operating | conditions unless otherwise noted.
limits is not suggested.
Voo = 3.75V
Supply Voltage -0.3to7.0V T o85G
Input Voltage at any pin AMB™
_(ref V= 0V) -0.3VtoV,  +03V Xtal/Clock f, = 1.0 MHz

Smk/Source_ Current 0dB ref. = 100mVrms @ 1kHz

(supply pins) +30mA

(other pins) o +20mA Composite signal: 1kHz test tone at 300 mVrms,
Maximum Device Dissipation 1000mW . 75 mVrms noise (band limited 6kHz gaussian white
Operating Temperature -40°C to +85°C noise), 30 mVrms CTCSS tone.
Storage Temperature<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>