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The MX818 is a low power CTCSS Signal Processor designed for use in the latest generation of LMR (Land Mobile Radio)
equipment where sub-audible signaling is required for functions such as Trunking Control, Selective Calling and Group
Calling applications. The MX818 is full duplex and offers many advanced features to assist in the operation of new
CTCSS based systems including: programmable tone decoders to facilitate the decoding of between 1 and 15
programmabie CTCSS tones, a CTCSS Fast/Predictive detector which may respond to a single programmed tone in less
than 60ms, a high resolution tone encoder that will accurately generate CTCSS tones, and High and Low pass filters for
CTCSS and Voice Band signails. Tha MX818 also provides on chip audic summation and digitally adjustable moduiation
drivers to facilitate design integration and reduce part count.

The MX818 may be used with a 3.0 to 5.5 volit supply and is available in the following packages: 24-pin SSOP(MX818DS),
24-pin SOIC (MX818DW), and 24-pin PDIP (MX818P).
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1. Block Diagram
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Figure 1: Device Block Diagram
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2. Signal List

Pin No. Name Type Description
1 XTAL output | The inverted output of the on-chip oscillator.
2 XTAL/CLOCK | input | The input to the on-chip oscillator, for external Xtal circuit or clock.
3 SERIAL input | The C-BUS serial clock input. This clock, produced by the C, is used for
CLOCK transfer timing of commands and data to and from the device.
See Figure 4
4 COMMAND input | The C-BUS serial data input from the yC. Data is loaded into this device
DATA in 8-bit bytes, MSB (B7) first, and LSB (B0) last, synchronized to the

SERIAL CLOCK. Ses Figure 4

5 REPLY DATA | output | The C-BUS serial data output to the pC. The transmission of REPLY
DATA bytes is synchronized to the SERIAL CLOCK under the coritrol of
the CSinput. This tri-state output is held at high impedance when not
sending data to the pC. See Figure 4

6 cs input | The C-BUS data loading controf function: this input is provided by the uC.
Data transfer sequences are initiated, completed or aborted by
the CS signal. See Figure 4.

7 RG output | This output indicates an interrupt condition to the C by going to a logic C.
This is a wire-ORable output, enabling the connection of up to 8
peripherals to 1 interrupt port on the pC. This pin has a low impedance
pulidown to logic 0 when active and a high-impedance when inactive. An
external pullup resistor is required.

The conditions that cause interrupts are indicated in the IRQ FLAG
register and are effective if not masked out by a corresponding bit in the

IRQ MASK register.

8 N/C No internal connection. Do not make any connection to thesa pin

9 N/C No internal connsction. Do not make any connection to these pin

10 A/D CAP output | An internal reference voltage for the A ta D, decoupled to Vgs by an
external capacitor.

11 N/C No internal connection. Do not make any connection to this pin.

12 Vss power | Negative supply (ground).

13 Vaias output | A bias line for the internal circuitry, held at Vpp/2. This pin must be
bypassed by a capacitor mounted close to the device pins.

14 RX AMP IN | input | The inverting input to the Rx input amplifier.

15 BX AMP OUT | output | The output of the Rx input amplifier and the input to the audio filter section.

16 RX AUDIO | cutput | Output of the Rx audio filter section.

ouT

17 N/C No internal connection. Do not make any connection to this pin.

18 SUM IN input | Input to the audio summing amplifier.

19 SUM QUT | output | Output of the audio summing amplifier, interally tied to input of MOD2

20 MOD1IN input | Input to MOD1 audio gain control.

21 TX SuB output | Output of the CTCSS tone generator.

AUDIO OUT

22 MOD1 output | Output of MOD1 audio gain control.

23 MOD2 output | Output of MOD2 audio gain control.

24 Voo power | Positive supply. Levels and voltages are dependent upon this supply.
This pin should be bypassed 1o Vs by a capacitor.
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3. External Components

" . __SERIALCLOGK |
CoM IA
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DN D DN -

Figure 2: Recommended External Components

A1 MO | 5% C3 [ Note 2 100pF £20%
A2 |Note2 | 100kQ | £10% c4 0.1uF +20%
A3 {Note3 | 100kQ | +10% 5 | Note 3 100pF £20%
R4 | Note 3, 4 +10% ce 0.1uF £20%
RS 22k | 210% C7 | Note 3, 4 +20%
A6 | Note 2 £10% c8 0.1yF £20%
[ 22pF | +20%
c2 22pF | +20% X1 | Note1 | 4.032MHz | +100ppm

Tabie 1: Recommended External Components

Recommended External Components Notes:

1.

For best results, a crystal oscillator design should drive the clock inverter input with signal levels of at ieast 40% of
Voo, peak to peak, Tuning fork crystals generally cannot mest this requirement. To obtain crystai oscillator design
assistance, consult your crystal manufacturer.

R2, R6 and C3 form the gain components for the Summing Amplifier. R6 should be chosen as required from the
system specification, using the following formula:

A2
Tx Sub Audio Gain =~ —-

A6
R3, R4, C5 and C7 form the gain components for the Rx Input Amplifier. R4 should be chosen as required by the
signal level, using the foliowing formula:

R3
Gain = - ——
R4

4. C7 x R4 should be chosen so as not to compromise the low frequency performance of this product.
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4. General Description

The MXB18 is a programmable CTCSS sub-audio encoder/decoder for use in iand mobile radio equipment.

The recaivar section of the MX818 has a fast/predictive tone detector which operates in parallel with a tone decoder. The
latter decodes a user-programmable set of up to 15 tones and performs a more accurate (but slower) analysis of the tones
detected by the fast/predictive tone detector, which is a single detector that is switchable to provide either a fast response
to any CTCSS tone (FAST DETECT mode) or a fast response to a single user-programmed CTCSS tone

(PREDICTIVE maode).

The high pass audio filter is designed to filter out the CTCSS sub-audio tones. The summing and modulation amplifiers
allow the audio modulation to be controlled digitally via the C-BUS. A general purpose timer is included.

Each function, and the routing of signals, is flexible and may be configured or controlied by the user's software.

4.1 Software Description

4.1.1 Command Summary
The following table contains a brief description of all valid Commands. Details follow beiow.

DATA BYTE(S)
REGISTER NAME | SECTION | HEX ADDRESS | READ/ BYTE 1 BYTE2
COMMAND WRITE
General Reset 4.1.3.1 $01 w none none
Sub-Audio Control 4132 $80 w Refer to Bit Description none
Sub-Audio Status 4.1.4, $81 R Reter to Bit Description none
4.1.5.1
Sub-Audio Set-Up 4.1.3.3 $82 w Refer to Bit Description none
CTCSS 4137 $83 w Specify Tx or Fast Rx Frequency per command
TX/ Fast RX $80 & $83 Bit descriptions
Frequency ]
CTCSS RX Program 4138 $84 W 1 of 15 possible Register Select & Decode
Frequencies
General Control 4.1.3.4 $88 W Refer to Bit Description none
Audio Control 4.1.39 $8A W Mod 1 Attenuation Mod 2 Attenuation
General Purpose 4.1.35 $88 w Refer to Bit Description none
Timer
IRQ Mask 4.1.36 $8E W Refer to Bit Description none
IRQ Flag 4.1.4, $8F [ Refer to Bit Description none
4152

Table 2: Command Summary

4.1.2 Address/Commands
Instructions and data are transferred, via C-BUS, in accordance with the timing information provided in Figure 4.
Instruction and data transactions to and from the MX818 consist of an Address/Command (A/C) byte followed by either:

a. further instruction or data {0,1, or 2 bytes)
b. status or Rx data reply (1 byte)
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4.1.2.1 8-bit Write Only Registers

HEX REGISTER |BIT7 BITS BITS BIT4 {BIT3 BIT 2 am BITO
ADDRESS | NAME (on {D8) (D5) (D4) | (D3) {O2) (D1} (DY)
COMMAND
$01 GENERAL | NA NA NA NA  JN/A N/A N/A WA
RESET
CTCSS
$80 SUB- TX DECODE | FAST o g 9 0 0
AUDIO ENABLE | RX DETECT
CONTROL ENABLE | ENABLE
CTCSS DECODER BANDWIDTH
$82 SuB- MS8 LSB | FAST CTCSS MODE
AUDIO 8iIT3 8IT2 81T BiT0 | DETECT/ g Q b
SET-UP PREDICTIVE
AUDIO BAND-PASS FILTER
$88 GENERAL | BPF 8PF BPF TIMER | TIMER
CONTROL | ENABLE | UN-MUTE { 6dB 0 0 a ENABLE | RE-CYCLE
PAD
GENERAL PURPQOSE TIMER (GPT)
$88 GENERAL | MS8 LS8
PURPOSE |BIT7 BiT& BITS BiT4 |BIT3 BIT2 BIT1 BITO
TIMER
GPT CTCSS
$8E IRQMASK {0 1AQ 0 0 CTCSS 1RQ MASK FASTIAQ |0 b
MASK MASK

Table 3: 8-bit Write Only Register

4.1.22 16-bit Write Only Registers

HEX ADDRESS/ | REGISTER arr 7 Brrs | BITS arv4 |BIr3 | BIr2 8T 1 BITO
COMMAND | NAME (07 (06) | (05) (04) | (03) (D2) (D1) (D0)
CTCSS TX/ FAST RX FREQUENCY
CTCSS TX cTCss MSB
$83 FAST RX () [ o BiT12 | BIT11 |[BIT1I0 |8BITe |BITS
FREQUENCY (1) | NOTONE
CTCSS TX / FAST RX FREQUENCY
CTCSS T LS8
FAST RX aT7 BIT6 |BITS BIT4 |BIT3 |BIT2 BIT 1 BITO
FREQUENCY (2)
CTCSS TONE ADDRESS CTCSS FREQUENCY
CTCSS RX MSB LSB | MsB
$84 PAOGRAM (1) | BIT3 BIT2 §8IT1 BITO |8Ti1t [BIT10 | BITe | BITB
CTCSS FREQUENCY
CTCSS RX LSB
PROGRAM (2) | BIT7 BIT6 | BITS BIT4 {BIT3 [arz BIT ¢ BIT 0
MOD 1
AUDIO MOD 1 MSB LSB
$8A CONTROL {1) ) 0 ENABLE 8IT4 8iT3 |2 8IT 1 8T 0
MOD 2
AUDIO MOD 2 MSB LSB
CONTROL (2) 0 0 ENABLE BIT4 |BiTa |BIT2 8IT 1 BT 0
Table 4: 16-bit Write Only Registers
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4.1.3 Write Only Register Description
4.1.3.1 GENERAL RESET (Hex address $01)

The reset command has no data attached fo it. it sets the device registers into the specific (all powersaved) states as
listed below:

REGISTER NAME HEX BIT7 | BIT6 | BITS | BIT4 | BIT3 | BIT2 | BIT1 | BATO

ADDRESS } (D7) | (D6) | (DS) ) (D4) § (03) | (D2) | (D1) | (DO)
SUB-AUDIO CONTROL $80 0 ] 0 0 9 0 [} o
SUB-AUDIO STATUS sat 0 0 0 0 X X X X
SUB-AUDIO SET-UP $82 [} 0 0 0 [+ 0 0 0
CTCSS TX/FAST RX FREQUENCY (1) $83 o 0 0 0 0 9 0 0
CTCSS TX/ FAST RX FREQUENCY  (2) 0 0 0 0 0 9 0 o
CTCSS RX PROGRAM ) $84 0 0 [} 0 0 0 0 ]
CTCSS AX PROGRAM @) 0 0 0 0 0 0 0 o
GENERAL CONTROL $88 ] 0 [+ 0 0 0 0 0
AUDIQ CONTROL o} $8A 0 0 0 9 9 0 0 0
AUDIO CONTROL @ 0 o o 0 0 0 0 0
GENERAL PURPOSE TIMER $88 0 o 0 0 [ 0 0 0
IRQ MASK $8E o 0 o 0 0 0 0 9
IRQ FLAG $8F 0 0 0 0 0 0 0 0

X = undefined

Table 5: General Reset (Hex Address $01)

4.1.3.2 SUB-AUDIO CONTROL Register {Hex address $80}
This register is used to control the functions of the device as described below:

CTCSS Bit 7 and Bit 6 enable and disable the CTCSS decoder (Rx) or transmitter (Tx)

TX ENABLE and according to Table 7. See Note 1

DECODER ENABLE

{Bits 7 and 6)

CTCSS FAST DETECT | When bit5is setto 1, the FAST CTCSS DETECT or FAST CTCSS PREDICTIVE

ENABLE mode is enabled, depending upon the setting of FAST CTCSS MODE (Bit 3 SUB-

{Bit 5) AUDIO SET-UP Register, $82). When this bit is 0, both FAST CTCSS DETECT and
FAST CTCSS PREDICTIVE tone detectors are disabled. See Note 2

(Bits 4,3, 2, 1 and 0) Reserved for future use. These bits should be set to 0.

Tabie 6: Sub-Audio Control Register (Hex Address $80)

Tx Rx Function
Bit7 | Bit6
[s] 0 Tx disabled, Rx disabled
0 1 Tx disabled, Rx enabled
1 0 Tx enabled, Rx disabled
1 1 Tx enabled, Rx enabled

Table 7: CTCSS Tx Enable and Decoder Enable

Notes:
1. Bit 7 should be set to 0 if CTCSS FAST DETECT ENABLE (Bit 5 SUB-AUDIO CONTROL. Register, $80) is setto 1.
2. Bit 5 should be setto 0 if CTCSS TX ENABLE (Bit 7 SUB-AUDIO CONTROL Register, $80) is setto 1.
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4.1.3.3 SUB-AUDIO SET-UP Register (Hex address $82)
This register is used to define the CTCSS parameters, as described beiow:

CTCSS DECODER These four bits set the bandwidth of the CTCSS tone decoder according to Table 9
BANDWIDTH
{Bits 7, 6, 5 and 4)

FAST CTCSS MODE | When CTCSS FAST DETECT ENABLE (Bit 5 SUB-AUDIO CONTROL Register, $80) is 1, this

(Bit 3) bit selects the FAST CTCSS DETECT or the FAST CTCSS PREDICTIVE mode, according to
Table 10.
(Bits 2, 1 and 0) Reserved for future use. These bits should be set to 0.

Table 8: Sub-Audio Set-up Register (Hex Address $82)

BANDWIDTH
Bit7 | Bit6é | Bit5 | Bit4 | WillDecode | Will Not Decode
1 [¢] o] 0 +1.1% +2 4%
1 0 [¢] 1 11.3% +2.7%
1 0 1 0 +1.6% +2.9%
1 0 1 1 £1.8% +3.2%
1 1 0 0 +2.0% +3.5%
1 1 [¢] 1 +2.2% +3.7%
1 1 1 0 +2 5% +4.0%
1 1 1 1 +2.7% +4.2%
Table 9: CTCSS Decoder Bandwidth
DETECT/PREDICTIVE Bit3 FUNCTION
0 DETECT mode
1 PREDICTIVE mode

if the CTCSS FAST DETECT ENABLE bit is 0 then both modes are deselected.

Table 10: Fast CTCSS Mode
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4.1.3.4 GENERAL CONTROL Register (Hex address $88)
This register is used to control the functions of the device as described below

BPF ENABLE When this bit is 1 the audio band-pass filter is enabled. When this bit is 0 the audio band-pass filter
(Bit 7) is disabled (powersaved).
BPF UN-MUTE When this bit is 1 the audio band-pass filter output is switched to the RX AUDIO OUT pin. When
(Bit 6) this bit is O the output of the filter is disconnected from RX AUDIO OUT, which is then in a high
impedance state.
This control, along with BPF ENABLE, aliows the filter to power up and settie internafly before
switching the output on, to avoid clicks when coming out of powersave.
BPF 6dB PAD When this bitis 1 a 6d8 attenuator is inserted into the output of the audio band-pass filter. When
(Bit 5) this bit is 0 the output of the audio band-pass filter is not attenuated.

{Bits 4, 3 and 2)

Reserved for future use. These bits should be setio 0.

TIMER ENABLE
(Bit 1)

When this bit goes to a 1 the general purpose timer is restarted and its internal register is re-loaded
from the value specified in the GENERAL PURPOSE TIMER Register (Hex address $8B). It will
then count down from the count held in its internal register. When this bit is 0 the count down is
disabled and the last pre-programmed value is retained in the timer's internal register.

TIMER RE-CYCLE
(8it0)

When this bit is 1 the general purpose timer will re-load its internal register from the value specified
in the GENERAL PURPOSE TIMER Register (Hex Address $8B) when the count in the internal
register reaches zero (i.e. the timeout has expired). it then restarts the count down, so that the
timer continuously cycles.

When this bit is O the general purpose timer will stop when the count in the internal register reaches
zero {i.e. the timeout has expired). The timer can only be restarted by reloading a value into the
GENERAL PURPOSE TIMER Register (Hex address $88).

It this bit is switched from 1 to 0 whils the timer is enabled then the timer will complete the present
count before stopping.

Table 11: General Control Register (Hex Address $88)

4.1.3.5 GENERAL PURPOSE TIMER (GPT) Register (Hex address $8B}

This register is used to preset the value of a countdown timer. Once a binary value has been loaded into this register, it
will be automatically transferred to an internal register within the timer. This internal register is then decremented at each
count interval {0.95ms) until it reaches zera. On reaching zero, the GPT IRQ FLAG in the IRQ FLAG Register (Hex
address $8F) is setto 1. An interrupt is generated on thelRQ pin if the GPT IRQ MASK in the IRQ MASK Register (Hex
address $8E) is 1 otherwise the GPT IRQ FLAG remains set to 1 and no interrupt is generated.

When the internal register has reached a count of zero, the action of the timer depends on the setting of the TIMER RE-

CYCLE bit in the GENERAL CONTROL Register (Hex address $88). If the TIMER RE-CYCLE bitis t then the timer will
re-load the countdown value from the GENERAL PURPOSE TIMER Register and restart the countdown from this vaiue. If
the TIME RE-CYCLE bit is 0 then the timer will stop and no further action or timer interrupts will take place until the
GENERAL PURPOSE TIMER Register is re-loaded. Loading the GENERAL PURPOSE TIMER with O will cause the timer
circuitry to be disabled (i.e. powersaved).
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4.1.3.6 IRQ MASK Register (Hex address $8E)
This register is used to control the interrupts (IRQs) as described below:

(Bits 7, 5, 4, 1 and 0) Reserved for future use. These bits should be set to 0.

GPT IRQ MASK When bit 6 is set to 1 it enables an interrupt that occurs when GPT IRQ FLAG (Bit 6,

{Bit 6) {RQ FLAG Register, $8F) changes from 0 to 1. When this bit is O the interrupt is
masked.

CTCSS IRQ MASK When bit is set to 1 it enables an interrupt that occurs when CTCSS IRQ FLAG (Bit

{Bit 3) 3, IRQ FLAG Register, $8F) changes from 0 to 1. When this bit is O the interrupt is
masked.

CTCSS FAST IRQ MASK | When this bit is set to 1 it enables an interrupt that occurs when CTCSS FAST IRQ

(Bit 2) FLAG (Bit 2, IRQ FLAG Register, $8F) changes from 0 to 1. When this bit is 0 the
interrupt is masked.

Table 12: IRQ MASK Register (Hex address $8E)

4.1.3.7 CTCSS TX/FAST RX FREQUENCY Register (Hex address $83)

This is a 16-bit register. Byte (1) is sent first. When the CTCSS fast detector is enabled, bits 0 - 12 defines the receive
frequency the fast predictive detector is looking for, according to the formuia below:

A taw M2
16 X frong (H2)

where A is the binary number programmed into the 13 bits.
When the CTCSS transmitter is enabled, bits 0 - 12 control the frequency of the transmitted CTCSS tanes, according to
the formula above.
When the fast detector and the transmitter are both enabled, bits 0-12 define the receive frequency which the fast
predictive detector is looking for and the frequency of the transmitied tone according to the formula above: (i.e. Tx tone =
predictive tone).
When Bit 7 (in the first 8 bits) is set to 1, the tone output is set at Vains or NOTONE without regard to the number (A)
programmed. When Bit 7 is 0 the programmed tone is set on the output. Programming the bits 0 - 12 to 0 puts the Tx into
powersave and the output goes to Vaas. Powersave is aiso achieved by disabling the Tx and the FAST DETECT.
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4.1.3.8 CTCSS RX PROGRAM Register (Hex address $84)

This is a 16-bit register. Byte (1) is sent first. Byte 1 and Byte 2 are used to program the center frequencies of up to

15 tones in the sub-audio band that will be decoded by the receiver.

Each tone is identified by its address in bits 7, 6, 5 and 4 of byte (1). The remaining 12 bits contain the data representing
the tone frequency according to the formula below. if a tone is not required the 12 bits should be set to zerc.

Byte 1 Byte 2
Bit | 8it | Bit | Bt [ Bit ] Bit ] Ba [ Bit | 8it l Bit | Bit | Bit | Bit l Bit l Bit { Bit
716514 3 2 1 0 7 6 5 4 3 2 1 0
0 0 010 < N > < R >
00O}
0joj1io
0 0 1 1
Oft}jo}lo
0 1 Y 1 N is the binary representation of the R is the nearest 6-bit binary
0 1 1 0 following decimal number {n): repraesentation of (r), where:
0 1 1 1
1 ojojo n = INT (948982 x frone / fxraL) r = {[237245/xvaL) - V(4 x Frone)}} x 8400
1 0f01] 1
1 oOjl1}10
1 0 1 1
1 1 0o
1 1 0 1
1 1 1 0

Table 13: CTCSS RX PROGRAM Register (Hex address $84)

Example: To program 100Hz when using the recommended 4.032MHz Xtal.
n =INT{948982 x 100/ 4.032 x 108)
=INT(23.536) = 23
N= 010111 (binary)

r = {[237245 / 4.032 x 106 ]~ [23 /(4 x100)]} x 8400
=11.26
R =11 {rounding up if exactly halfway)
= 001011 (binary)
This generates the 12-bit code of 010111001011

The Hex address represented by bits 7, 6, 5 and 4 in byte (1) is used as the code to indicate which tone has been
decoded. This code appears in bits 3, 2, 1 and 0 of the SUB-AUDIO STATUS Register (Hex address $81). The 15
programmed tones use Hex addresses $0 - $E.
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4.1.3.9 AUDIO CONTROL Register (Hex address $84A)

This is a 16-bit register. Byte (1) is sent first. The six least significant bits of the first byte in this register are used to set
the attenuation of the Modulator 1 ampiifier and the six least significant bits of the second byte in this register are used to
set the attenuation of the Modulator 2 amplifier, according to the tables below;

BYTE 1 BYTE 2
5{1a4(3[2f1{0 Mod. 1 g Sja|3]2[1]0] Mod 2Aattenuaton
ol x| x| x}jx]x Disabled (Vaws) olxIx|xlIx|x D (Vus)
110lofojolo >40dB 1]Jojojojo]o >40d8
tjojotojaf: 12.008 ijJojfofofof1 6.0dB
1]oJofolito 11.60B 1]ojojol1io 5.8d8
1]ojojolt}]s 11.2dB ilojoajoji 5.6d8
tjogjoltriate 10.808 1fofalifafo 5.4d8
1lojottiog 10.408 1fojolijoj 5.2dB
ylolofrti]o 10.008 1jojottitijo 5.008
1jojofjr]i]a 9.608 1jololifj1] 4.808
1JojJ1jofo]o 9.208 1ipit]ojodo 4.608
1jojrio]o]1 8.8d8 tlojijolofs 4.408
tjolifofj1loe 8.4dB 1fol1]of1lo 4.208
1Joj1 ot 8.0d8 1joltfo]lfn 4,008
1jol1l1io]o 7.6d8 tJofi1fj1jolo 3.8d8
1jol1i1io}n 7.2dB 1]Joj1lijof 3.6dB
1Joj1fitji1]o 6.808 1joJrl1{1to 3.4dB
1loj111t ] 6.408 1fof1 ]}t 3.2dB
1 J1jojojo}o 6.0d8 111j0]ojoijo 3.008
1l1lololofn 5.6d8 1l1]ofojoin 2.8dE
1j1]Jojois]o 5208 111jojol1]o 2.6d8
t{vJofofa]n 4.80B tf{1jofol1]t 2.408
1f1joi1]o}o 4.4d8 111]o]t]o]o 2.208
t1riolr]of 4.008 1{1]oft]of 2.008
titlof1{1]o 3.6d8 i{1joftj1fa 1.808
1jtjof1pr] 3.2d8 1 l1Jofpr 1.6d8
t{111lofjolo 2.8dB il1l1lololo 1.4d8
11l jejod: 2.4a8 IAENEREEX AR 1.2d8
111 teitlo 2.008 1i1j1jeftio 1.0d8
INREEREEERE 1.608 BRI ERKRERER 0.8dB
1i1lvit1jo]o 1.208 ij1lii1]ojo 0.6d8
ti1ivir]o] 0.808 A RREREIEE 0.4d8
IBERERREERE 0.408 IREEEREEERE 0.2d8
INEEEREEERE 0dB IREREEERERE 0d8
X = don't care

MOD1 ENABLE When this bit is 1 the MOD1 attenuator is enabled.
(Bit 5, first byte) When this bit is 0 the MOD1 attenuator is disabled (i.e. powersaved).
MOD2 ENABLE When this bitis 1 the MOD2 attenuater and the SUMMER AMP are enabled.

(Bit 5, second byte) | When this bit is 0 they are both disabled (i.e. powersaved).

(Bits 7 and 6, first Reserved for future use. Thess should be setto 0
and second bytes)

Table 14: AUDIO CONTROL Register (Hex address $8A)
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4.1.4 8-bit Read Only Registers

HEX REGISTER BIT7 BIT6 BIT S BIT 4 BIT3 BIT 2 BIT 1 BITO
ADDRESS/ NAME (D7) {D6) (D5) (D4) (D3) {02} D) (DO)
COMMAND

CTCSS RX TONE
sug- CTCSS TONE MsB LS8
$81 AUDIO 0 FAST 0 DECODE 81T 3 BIT 2 BIT1 BITO
STATUS TONE
GP CTCss CT1C8s
$8F IRQ FLAG 0 TIMER 0 ] IRGQ FAST 0 0
1RQ FLAG IRQ FLAG
FLAG

4.1.5 Read Only Register Description
4.1.5.1 SUB-AUDIO STATUS Register (Hex address $81)
This register is used to indicate the status of the device as described below:

(Bit 7) Reserved for future use. This will be set to 0 and should be ignored by user's software.
CTCSS FAST TONE | When Bit 5 in the SUB-AUDIO CONTROL Register and Bit 3 in the SUB-AUDIO SET-UP Register
(Bit 6) are set 10 enable FAST CTCSS DETECT mode, this bit will be set to 1 if a periodic tone is

detected. If no periodic tone is detected this bit will be setto 0.

When Bit 5 in the SUB-AUDIO CONTROL Register and Bit 3 in the SUB-AUDIO SET-UP Register
are set to enable FAST CTCSS PREDICTIVE mode, this bit will be set to 1 if a periodic tone that
matches the frequency programmed in the CTCSS TX/FAST RX Register is detected. if no
match is found this bit will be set to O

When Bit 5 in the SUB-AUDIO CONTROL Register is set to 0 this bit will be a G.

(Bit 5) Reserved for future use. This will be set to 0 and should be ignored by the user's software.
TONE DECODE This bit indicates the status of the torie decoder. A 1 indicates a tone has been detected (TONE
(Bits 4) DECODE]}. A 0indicates the loss of the tone (NOTONE).

TONE DECODE means that a tone has been decoded and its characteristics are defined by the
bandwidth (See SUB-AUDIO SET-UP Register bits 7, 6, 5 and 4) and the CTCSS RX TONE
number (See SUB-AUDIO STATUS Register bits 3, 2, 1 and 0).

When Bit 6 in the SUB-AUDIO CONTROL Register is set to 0 the TONE DECODE bit 4 will be set
1o Q.

Identification of a vaiid tone which is not in the pre-programmed list of up to 15 tones will cause
the decoder to move to the TONE DECODE state with the RX TONE address of 1111 in bits 3, 2,
1 and 0; indicating a valid, but unrecognized, tone. Loss of tone will cause the NOTONE timer to
be started. if loss of tone continues for the duration of the time-out period, then the decoder will
move to NOTONE state and the identification of pre-programmed tones will start again.

CTCSS RX TONE These four bits hold a Hex number from $0 to $F. Numbers $0 to $E represent the address of the
(Bits 3,2, 1 and 0) CTCSS tone decoded according o the tones programmed in the CTCSS RX PROGRAM
Register, $84. The Hex number $F indicates the presence of any tone that is not described by
CTCSS DECODER BANDWIDTH (Bits 7, 6, 5 and 4, SUB-AUDIO SET-UP Register, $82) and
CTCSS FREQUENCY (Bits 11 - 0, CTCSS AX PROGRAM Register, $84).

Table 15: SUB-AUDIO STATUS Register (Hex address $81)
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4.1.5.2 IRQ FLAG Register (Hex address $8F)
This register is used to indicate when the device requires attention as indicated below.

(Bits 7,5, 4, 1 and 0) Reserved for future use. These will be set to 0 and should be ignored by user's
software.

GPT IRQ FLAG When the general purpose timer has reached zero in its internal register, this bit will

{Bit 6) be set to 1 to indicate the timeout has expired. This bit is cleared to 0 by a read of
the IRQ FLAG Register (Hex address $8F).

CTCSS IRQ FLAG When CTCSS RX DECODE (Bit 4, SUB-AUDIO STATUS Register, $81) changes

(Bit 3) state this bit will be setto 1.

This bit is cleared to 0 by a read of the IRQ FLAG Register (Hex address $8F).

CTCSS FAST IRQ FLAG | When CTCSS FAST TONE (Bit 6, SUB-AUDIO STATUS Register, $81) changes
(Bit2) state this bit willbe setto 1.

This bit is cleared to 0 by a read of the IRQ FLAG Register (Hex address $&F).

Table 16: IRQ FLAG Register (Hex address $8F)
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The flow chart shows the following modes of operation for the example below:

1.  Decode

2. Decode and Fast Detect

)

3. Decode & Fast Predictive )
4. Transmit, e.g. Tx = 100Hz
Note: $8X is the Hex address/command.

Rx

) e.9. Address 3 = 100Hz, bandwidth = +2.7%, interrupt enabled

Program 100Hz
imo address 3

$84 (1) = 00110101
$84 {2) = 11001011

Program Tx Tone

Generator to 100H2
$83 {1} = 00001001
$83 (2} = 11011000

Enable Tx
$50 = 10000000

Program p
10 227% &
Fast Precictive Decoder
$82 = 11111000
Program bandwidth
to #2.7%
$a2 = 11110000
Program Fast Rx
Frequency to 100Hz
$83(1) = 00001001
$83{2) = 11011000
Decader or
Decodier & Fast Detect Decider & Fast
Detactor
]
Dacoder
Enable IRQ masks Enable RQ musk
{optional) (optional}
$8E = 00001100 $8E » 00001000
l 1
F:iw.ﬂ D.ced.rp_& Enable Decoder
$80 = 0110 $80 x 51000000

MX818

©1998 MX-COM, Inc

www.mxcom.com tel: 800 638 5577 336 744 5050 fax: 336 744 5050

3-575

Doc. # 20480188.007



MX818

The flow chart shows the decoder, fast detect/tast predictive and transmitter enabled with the following example.

1. Txtone generator = 100Hz

2. Decoder programmed with 100Hz in address 3

3.
4,

Bandwidth setting = 12.7%

interrupt enabled

Note: $8X is the Hex addressicommand.

Clear registers $01

Program Tw/Fast Rx
Frequency ta 100Hz
$83 (1} = 00001001
$83 (2) = 11011000

I

Program 100Hz inic
3

address
$84 (1) = 00110101
$84 (2) = 11001011

. Program bandwidth
Pm;'nznzb;'%m 10£27%&
- Fast Precictive
$82 = 11110000 $82 11111000
Enable iRQ mask
optinal)
$8E = 00001100

$80 = 11100000
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5. Application

5.1 Generai

The MX818 is intended for use in radio systems where sub-audio signaling is required for functions such as trunking
control, selective calling or group calling.

The CTCSS fast/predictive detactor is useful for the detection of accupied channels indicating either the presence of any
sub-audio tone, or range of tones, depending it it is set in fast detect or predictive mode. This will increase the efficiency of
scanning and trunking systems, reducing the average time allocated to assessing each channel.

The tacility to decode any of up to 15 programmed tones allows the use of tones for various signaling functions such as
masking a free channel or identifying sub groups within a user's groups.

Adjustable decoder bandwidths permits certainty and signal to noise performance to be traded when congestion or range,
limits the system performance.

5.2 Transmitter
The transmitter is enabled with Bit 7 in the SUB-AUDIO CONTROL register {$80).
The Tx frequency is set using Bit O to Bit 12 in the CTCSS TX/FAST RX register ($83) using the formula below:

A= aa (12)
16 x fyone (H2)

where A is the binary number programmed into the 13 bits.

When Bit 7 (in the first 8 bits) is set to 1 the tone output is set at Vgag or NOTONE without regard to the number (A)
programmed. When Bit 7 is 0 the programmed tone is set on the output. Programming the bits 0 to 12 to 0 puts the Tx
into powersave and the output goes to Vgias. Powersave is alsc achieved by disabling the Tx and the FAST DETECT (Bits
7 and 5 in the SUB-AUDIO CONTROL. register $80).

5.3 Receiver (Decode)

The CTCSS Receiver (Decoder) should first be set up according to the desired characteristics. This entails setting the
CTCSS decoder bandwidth in the SUB-AUDIO SET-UP register ($82), also programming the center frequencies of the
desired tones in the CTCSS RX PROGRAM register ($84). (It can hold up to 15 different tones). Any tone can be in any
location. During operation when the device is receiving, the tones are scanned in the sequence of their location, i.e. $0
first and $E last and once a tone is detected the remaining tones are not checked. Therefore if two tones are close
enough in frequency for their bandwidths to overlap then the one in the lowest location will be detected.

The CTCSS IRQ MASK in the IRQ MASK register ($8E) shouid also be set as required.

The CTCSS DECODER ENABLE in the SUB-AUDIO CONTROL register ($80) should then be set to 1. While in the
Decode mode the FAST DETECT may be enabled (see below).

When the receiver detects a change in its present state an IRQ will be generated and Bit 3 of the IRQ FLAG register ($8F)
will indicate this,

The change that occurred can be read from Bit 4 of the SUB-AUDIO STATUS register {($81) and if a tone is indicated by
this bit then the number of that tone can be read from Bits 3, 2, 1 and 0 of the same register.

5.4 Receiver (Fast Detect)

This is used for detecting, in the fastest possible time, that sub-audio tones are present on the Rx channel. Response
time is optimized for speed at the expense of frequency resolution.

It is enabled using Bit 5 of the SUB-AUDIO CONTROL register ($80). It has an IRQ which may be unmasked with Bit 2 of
the IRQ MASK register ($8E). The FAST CTCSS MODE DETECT/PREDICTIVE Bit 3 in the SUB-AUDIO SET UP register
($82) allows for one of two aiternatives in the FAST mode. In DETECT mode it will detect any periodic tone in the sub-
audio band and when in PREDICTIVE mode it will detect specific tones determined by the frequency set in the CTCSS
TX/FAST RX register ($83) and the fixed PREDICTIVE mode bandwidth. Successful detection is indicated by the CTCSS
FAST IRQ FLAG Bit 2 in the IRQ FLAG register ($8F), and the CTCSS FAST TONE Bit 6 in the SUB-AUDIO STATUS
register ($81).
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5.5 General Purpose Timer (GPT)

This may be used in conjunction with the Rx Decoder to form part of the decode algorithm or as a timer for any other
purpose. It has an 8-bit value register GENERAL PURPQOSE TIMER register ($8B) set in units of 1.0ms, an !RQ FLAG Bit

6 of the IRQ FLAG register ($8F) and an IRQ MASK Bit 6 IRQ MASK register ($8E).
5.6 Tx/Fast Rx Tone Table

The following table lists the commonty used CTCSS tones and the corresponding values for programming the transmitter
frequency / fast predictive frequency register (Hex address $83).

Freq. | Byte1 | Byte2 | Freq. | Byte1 | Byte2 | Freq. | Byte1 | Byte 2
{Hz) (hex) (hex) (Hz) (hex) {hex) {Hz) (hex) | (hex)
67.0 E B1 114.8 8 93 186.2 5 49
69.3 E 34 118.8 8 49 189.9 5 2F
71.9 D B1 123.0 8 1 192.8 5 18
74.4 D 3B 127.3 7 BC 196.6 5 2
77.0 [o] C9 131.8 7 78 199.5 4 EF
79.7 C 5A 136.5 7 36 2038 4 D6
82.5 B EF 141.3 6 F7 206.5 4 C4
85.4 B 87 146.2 6 BC 210.7 4 AC
88.5 B 1F 151.4 6 80 218.1 4 83
91.5 A c2 156.7 6 48 225.7 4 5D
94.8 A 62 159.8 6 29 229.1 4 4C
97.4 A 1B 162.2 6 12 2336 4 37

100.0 9 D8 167.9 5 DD 241.8 4 12

103.5 9 83 173.8 5 AA 250.3 3 EF

107.2 9 2F 179.9 5 79 254.1 3 EQ

110.9 8 EO 183.5 5 50

Table 17: Tx/Fast Rx Tone Table
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5.7 Rx Program Tone Table

MX818

The following table lists the commonly used CTCSS tones together with the values for programming the “CTCSS RX
PROGRAM" register (Hex address $84).

Note: The values for byte 1 and 2 below apply to tone address O only. These values will vary depending on the location
they are programmed into.

Freq. | Byte1 | Byte2 ] Freq. | Byte1 | Byte2 | Freq. | Byte1 | Byte 2
(Hz) (hex) | (hex) (Hz) {hex) | (hex) {Hz) (hex) | (hex)
67.0 3 D8 114.8 6 Cco 186.2 A C9
€9.3 4 9 118.8 8 D1 189.9 B8 8
71.9 4 1B 123.0 7 10 192.8 B 44
744 4 4E 127.3 7 50 196.6 8 83
77.0 4 83 131.8 7 Co 199.5 B 8A
79.7 4 94 136.5 8 2 203.5 B C9
825 4 CB 141.3 8 44 206.5 C [
85.4 5 2 146.2 8 86 210.7 C 46
868.5 5 14 1514 8 C9 218.1 C C3
91.5 5 4C 156.7 9 C 225.7 D 41
94.8 5 87 159.8 9 48 229.1 D 48
97.4 5 94 162.2 9 82 233.6 D 89
100.0 5 cB 167.9 9 C6 241.8 E 8

103.5 6 7 173.8 A B 250.3 E 88

107.2 ] 45 179.9 A 84 254.1 [ C7
110.9 6 82 183.5 A c2

Table 18: Rx Program Tone Table
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6. Performance Specification

6.1 Electrical Performance

6.1.1 Absolute Maximum Ratings
Exceeding these maximum ratings can result in damage to the device.

General Min. Max. Units
Supply (Vgp - Vss) -0.3 7.0 v
Voltage on any pin to Vss 0.3 | Vpp+ 0.3 \
Current
Voo -30 30 mA
Vss -30 30 mA
Any other pin -20 20 mA
DW /P Packages
Total Allowable Power Dissipation at Taug = 25°C 800 mW
Derating above 25°C 13 mMW/°C above 25°C
Storage Temperature -55 125 °C
Operating Temperature -40 85 °c
DS Package
Total Allowable Power Dissipation at Taup = 25°C 550 mw
Derating above 25°C 9 mW/°C above 25°C
Storage Temperature -55 125 °C
Operating Temperature -40 85 °C
6.1.2 Operating Limits
Correct operation of the device outside these limits is not implied.
Notes Min. Max. Units
Supply (Vpo - Vss) 3.0 55 \J
Operating Temperature -40 85 °C
Xtal Frequency 4.0315968 | 4.0324032 | MHz
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6.1.3 Operating Characteristics

For the following conditions unless otherwise specified:

Xtal Frequency = 4.032MHz

Audio Level 0dB ref. = 308mVrms at 1kHz

Vpp = 3.3V t0 5.0V, Taus = 25°C, Top = -45°C to 85°C.

Composite Signal = 308mVays at 1kHz + 75mVays Noise + 31mVays Sub-Audio Signal
Noise Bandwidth = Skiz Band Limited Gaussian

Note | Min. | Typ. Max. Units
DC Parameters
oo
All Powersaved
Vpp = 5.0V 1,2 0.6 1.0 mA
Vpp = 3.3V 2 0.35 06 mA
Tx/Rx Operating
Vpp = 5.0V 1.2 3.5 6.0 mA
Vpp = 3.3V 2 1.6 25 mA
C-BUS Interface
Input Logic 1 70% Voo
input Logic 0 30% Voo
Input Leakage Current {Logic 1 or 0) -1.0 1.0 pA
Input Capacitance 7.5 pF
Output Logic 1 (I, = 120pA) 90% Voo
Output Logic 0 (I, = 360pA) 10% Voo
Off State Leakage Currant (Vour = Vpp) 6 10 pA
AC Parameters
CTCSS Decoder
Sensitivity (Pure CTCSS Tone) 5 -26.0 dB
Response Time (Composite Signal) 140 ms
De-Response Time (Composite Signat) 145 ms
Frequency Range 60 253 Hz
CTCSS Detector - Fast Detect
Sensitivity (Pura CTCSS Tone) 5 -26.0 dB
Response Time (Composite Signai} 56.0 ms
Frequncy Range 60 253 Hz
CTCSS Detector - Fast Predictive
Sensitivity (Pure CTCSS Tone) 5 -26.0 dB
Response Time (Composite Signal) 7 37.0 ms
Frequemcy Range 60 253 Hz
Decode Bandwidth 40 Hz
CTCSS Enceder
Frequency Range 60 253 Hz
Tone Frequency Resolution 0.3 %
Tone Amplitude Tolerance 1 -1.0 4] 1.0 dB
Total Harmonic Distortion 9 2.0 %
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Audio Band-Pass Filter
Passband 8 300 3000 Hz
Passband Gain (at 1.0kHz) 8 0 dB
Passband Ripple (wrt gain at 1.0kHz) 8 -2 0.5 dB
Stopband Atisnuation 8 33.0 dB
Residual Hum and Noise -50.0 dBp
Alias Frequency 63 kMz
Output impedance
TX SUB-AUDIO OUT {Enabled) 2.0 kQ
RX AUDIO OUT (Disabled) 500 kQ
RAx Amp and Summing Amp
Open Loop Gain {input = 1MV at 100Hz2) 70.0 dB
Unity Gain Bandwidth 5.0 MHz
Input Impedance (at 100Hz) 10 MQ
Output impedance (Open Loop) 6.0 kQ
Transmitter Modulator Drives:
Mod.1 Attenuator
Attanuation (at 0d8) -0.2 0 0.2 dB
Cumulative Atteniuation Error -1.0 1.0 dB
{wrt attenuation at 0dB)
Output impedance 3 600 Q
Input Impedance (at 100Hz) 16.0 kQ
Mod.2 Attenuator
Attenuation (at 0dB) -0.2 0 0.2 dB8
Cumulative Attenuation Error -0.6 06 daB
(wrt attenuation at 0dB)
Quiput Impedance 3 600 Q
General Purpose Timer
Timing Period Range 1.0 242 ms
Count Interval 0.95 ms
Xtal/Clock Input
Pulse Width ('High' or 'Low’) 4 40.0 ns
Input Impedance (at 100Hz) 10.0 MQ
Gain (input = 1MVaus at 100Hz) 20.0 dB
Operating Characteristics Notes:
1. AtVyp = 5.0V only. Signal levels or currents are proportional to Vpp.
2. Not inctuding any current drawn from the device by external circuitry.
3. Small signal impedance.
4. Timing for an external input to the XTAL/CLOCK pin.
5. With input gain components set as recommended in Figure 2.
6. IRQ pin.
7. From one tone to another tone.
8. See filter response {Figure 3).
9. Measured at MOD1 or MODZ2 output.
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Figure 3: Audio Band-Pass Filter Frequency Response
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6.1.4 Timing Diagrams
For the following conditions unless otherwise specified:
Xtal Frequency = 4.032MHz, Vop = 5.0V, Tawa = 25°C.

Parameter Min. | Typ. | Max. | Units
Lese CS-Enable to Clock-High 2.0 s
tesm Last Clock-High to CS-High 4.0 us
tuiz CS-High to Reply Output 3-state 2.0 us
tcsorr | CS-High Time between transactions 2.0 us
tnxr Inter-Byte Time 4.0 us
tex Clock-Cycle time 2.0 us

Timing Diagrams Notes
Depending on the command, 1 or 2 bytes of COMMAND DATA are transmitted to the peripheral MSB (Bit 7) first,

1.

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. To ailow for differing yC serial interface formats C-BUS compatibie ICs are able o work with either polarity SERIAL
CLOCK pulses.
e o] -
== 1
et
SERAL CLOCK "{ !’" Im }"— ‘“XY -.’! -4 k“"‘.&_-w
b o
7i81514 Jlal![o%‘
FIRST DATA BYTE
YTE
—
ms8 158
Logc wvel & not Frponanl FIRST FEPLY DATA BYTE LAST REMY DATA 8YTE
Figure 4: C-BUS Timing
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6.2 Packaging

A Package Tolerances
z
BEBARARARAAD AT DM MN TYR  MAX
! A 0318(8.07) 0.328 (8.33)
P 8 E B 0205520 0.213(539)
C 00660167 0.079 (2.00)
o l l E 03017865 0.312 (7.90)
JLLLLLLLLLLE by H oxzeon  ome@zy
e ¥ J 0010 (0.25) 0.015 {0.38)
£ T L 0.022(055 0.037 {0.95)
X P 0.026 (0.65)
T 0.005(0.13) 0.008 (0.22)
- X [\ @
Y 7 o
o Z 4 10°
NOTE : All dimensions in inches (mm.}
Angles are in degrees

Figure 5: 24-pin SSOP Mechanical Outline: Order as part no. MX818DS

Package Tolerances
o A DIM.  MIN. TYP  MAX
AnnARAAAARA A 0597 (15.16) 0.613(15.57)
B 0288(7.26) 0.299 (7.59)
C 0093 (2.36) 0.105 {2.67)
"m 1: 4 w E 0390 (9.90) 0.419 (10.64)
Lo - H  0.003(0.08) 0,020 (0.51)
u u u H u u H u HH u J 0.013(0.33) 0.026 (0.51)
/vu K 0.096(091) 0.048 (1.17)
PIN 1 L 0016{041) 0.050 (1.27)
P 0.050 (1.27)
Y T  0009{0293) 0.0125 (0.32)
w 45°
X [ 10°
—%— e Y 5° Fad
H J z .
NOTE : A dimensions in Inches (mm.)
Angles are in degrees

Figure 6: 24-pin SOIC Mechanical Qutline: Order as part no. MX818DW
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Package Tolerances
DiM. MIN. TYP. MAX.
A 1.200(30.48) 1.270 (32.26)
B 0.500(12.70) 0.585 (14.04)
C  0.151(384) 0.220 (5.59)
E  0600(1524) 0.670 (17.02)
E1  0590(14.99) 0.625 (15.88)
H 0015038 0.045 (1.14)
J  0015(0.38) 0.023 (0.58)
J1 0040 (1.02) 0.065 (1.85)
K 0.066(157) 0.074 (1.88)
L os21@30n 0.160 (4.05)
P 0.100 (2.54)
T 0008 (020 0.015 (0.38)
Y 7°
NOTE : All dimensions in inches (mm.}
Angles are in degrees

Figure 7: 24-pin PDIP Mechanical Outline: Order as part no. MX818P
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