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Conventions

Register and bit mnemonics are defined in the paragraphs describing them.
An overbar is used to designate an active-low signal, eg: RESET.

Unless otherwise stated, blank cells in a register diagram indicate that the bit is
either unused or reserved; shaded cells indicate that the bit is not described in the
following paragraphs; ‘U’ is used to indicate an undefined state (on reset).
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1

GENERAL DESCRIPTION

The MC68HC05BD3 HCMOS microcontroller is a member of the M68HCO05 Family of low-cost
single-chip microcontrollers. This 8-bit microcontroller unit (MCU) contains an on-chip oscillator,
CPU, RAM, ROM, parallel I/0 capability with pins programmable as input or output, M-Bus serial
interface system (IZC), Pulse Width Modulator, Multi-Function Timer, and Sync Signal Processor.
These features make it particularly suitable as a multi-sync computer monitor MCU.

The MC68HCO05BDS is functionally equivalent to MC68HCO05BD3, with increase RAM and ROM.
The MC68HC705BD3 is an EPROM version of the MC68HCO5BD5. All references to the
MC68HCO05BD3 apply equally to the MC68HC705BD3 and MC68HCO5BD5, unless otherwise
stated. References specific to the MC68HC705BD3 are italicized in the text and also, for quick
reference, they are summarized in Section 14. References to MC68HCO05BD5 are summarized in
Section 15.

1.1 Features

» Fully static chip design featuring the industry standard 8-bit M6BHCO5 core
» Power saving Wait mode

» 128 bytes of on-chip RAM for MC68HC05BD3
256 bytes for MC68HC705BD3 and MC68HC05BD5

» 3.75K-bytes of user ROM for MC68HC05BD3
7.75K-bytes of user ROM for MC68HC05BD5
7.75K-bytes of user EPROM for MC68HC705BD3

» 24 bidirectional I/O lines: 14 dedicated and 10 multiplexed I/O lines.
4 of the 14 dedicated 1/O lines and 6 of the MUXed 1/O lines have +10V open-drain O/Ps.

* 16 channels PWM outputs: 8 dedicated, +10V open-drain PWM channels and
8 multiplexed with I/O lines of which 6 of them have +10V open-drain outputs.

« M-Bus Serial Interface (12C-bus™)
¢ Multi-Function Timer (MFT) with Periodic Interrupt

¢ COP watchdog reset

t  I°C-bus is a proprietary Philips interface bus

MC68HC05BD3 GENERAL DESCRIPTION MOTOROLA
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» Horizontal and Vertical Sync Signal Processor
» Self-check mode

» Available in 40-pin DIP and 42-pin SDIP packages

USER ROM <|Z| 8
3.75K-Bytes for MC68HCO5BD3 A K >§ x PAO - PA7
7.75K-Bytes for MC68HC05BD5 ] o
7.75K-Bytes EPROM for MC68HC7058D3
RAM 128 Bytes for MC68HC05BD3 AN
256 Bytes for MC68HC705BD3 & MC88HC05BDS5 [\—/] PEO
m |
SELF-CHECK ROM - 224 Bytes NN S s g [T
for MC68HC05BD3 & MC68HC05BDS only — a8 R
PB2* - PB5
BOOTSTRAP ROM - 480 Bytes N
for MC68HC705BD3 only —/
= PWMO*
! 0 - - PWMP
= PWM*
M68HCO05 ACCUMULATOR A -
CPU 7 0 e Y
_'\_, A PWM |—  » PWM5
INDEX REGISTER ————— » PWM6"
1 5 PN - - PWMP
Lofofofofo[*[x T [ T [ ] - .
STackPoNTER | YV N PCO/PWMS
5 . 0 /] (<—> PC1/PWM9*
[ofo[ TTTTTITIIIIIT] oo [0 ramm
PROGRAM COUNTER o ln—:
RQ/VPP—] i \|8|S f=> Poapwmi
7 -0 N——— | «—» PC5PWM13*
RESET —» RESET CT ] PCEPWMI4NTTL
RESET —+1— . <> PC7T/PWMISHTTL
} ] SYNC
AN SIGNAL  le————————— VSYNC
N| PROCESSOR
e« HSYNC
MFT |4 N (SSP)
(with COP) K v
A
EXTAL — 0sC W N
XTAL-—o 72 [ POWER N V|alo
T Y = b= [« PDO/SDAY
o
(=)
VDD —N mBus K—N 0 | e PD1/SCLt
vss

*+10V open-drain
t +5V open-drain if the pin is configured as SDA or SCL

Figure 1-1 MC68HC05BD3/MC68HC705BD3/MC68HCO05BD5 Block Diagram
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2

PIN DESCRIPTION AND 1I/0O PORTS

This section provides a description of the functional pins and I/O programming of the
MC68HC05BD3 microcontroller.

2.1 PIN DESCRIPTIONS
40-pin DIP 42-pin SDIP
PIN NAME PIN No. PIN No. DESCRIPTION
VDD, VSS 5.6 57 Power is supplied to the MCU using these two pins. VDD is power and

VSS is ground.
In the user mode this pin an external hardware interrupt IRQ. It is
software programmable to provide two choices of interrupt triggering
sensitivity. These options are:
IRQ/VPP 15 16 1) negative edge-sensitive triggering only, or

2) both negative edge-sensitive and level sensitive triggering.
In the bootstrap mode on the MC68HC705BD3, this is the EPROM
programming voltage input pin.
The active low RESET input is not required for start-up, but can be
RESET 4 4 used to reset the MCU internal state and provide an orderly software
start-up procedure.
These pins provide connections to the on-chip oscillator. The
oscillator can be driven by a AT-crystal circuit or a ceramic resonator
XTAL, EXTAL 7,8 8,9 with a frequency of 4.2 MHz. EXTAL may also be driven by an
external oscillator if an external crystal/resonator circuit is not used.
See Figure 11-3 for values of crystal circuit external components.
These eight I/0 lines comprise port A. The state of any pin is software
PAO-PA7 23-16 24-17 programmable. All port A lines are configured as input during power
on or external reset.
These six I/0 lines comprise port B. The state of any pin is software
PBO0-PB5 14-9 15-10 programmable. All port B lines are configured as input during power
on or external reset. PB2 to PB5 are +10V open-drain pins.
These six port C pins are +10V open-drain type. The state of any pin

PCO/PWM8 is software programmable. All port C lines are configured as input
to 26-31 27-32 during power on or external reset.
PC5/PWM13 These pins become PWM output channels 8 to 13 by setting the

appropriate bits in Configuration register 1 ($0A).

MC68HC05BD3 PIN DESCRIPTION AND I/O PORTS MOTOROLA
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40-pin DIP 42-pin SDIP
PIN NAME PIN No. PIN No. DESCRIPTION

PCEIPWMI4NTTL, These two port C 110 I!nes are shared with the PWM .and Sync Signal

PC7/PWM1SHTTL 32,33 33,34 Processor. Configuration for use are set by the Configuration
register 1 ($0A) and Configuration register 2 ($0B).

PDO/SDA These two port D 1/O lines are shared with the M-Bus lines SDA and

PD1/SCL‘ 24,25 25, 26 SCL. When configured as M-Bus lines in Configuration
register 2 ($0B), these pins become +5V open-drain pins.

PWMO to PWM7 3-1,38-34 1, 4%'538’ %, These eight pins are dedicated for the 8-bit PWM channel 0 to 7.
These two pins are for video sync signals input from the host

HSYNC, VSYNC 39, 40 4,42 compgter. The polarlty of the |nlpu.t signals can glthgr be positive or
negative. These two pins contain internal Schmitt triggers as part of
their inputs to improve noise immunity

2.2

MOTOROLA
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Pin Assignments

PWM2 []
PWM1 [
PWMo [
RESET [
vDD []
vss [
XTAL [
EXTAL [
PB5 [
PB4 []10
PB3 []11
PB2 (12
PB1 []13
PBO []14
RQ/vPP []15
PA7 []16
pPag []17
PA5 []18
PA4 []19
PA3 []20

© ©® N O O~ W N =

40[] vSYNC

391 HSYNC

381 PWM3

371 PWM4

36[ ] PWM5

351 PwWM6

341 PWM7

33[] PC7/PWM15HTTL
32[] PC6/PWM14/VTTL
31[_] PC5/PWM13
30[] PC4/PWM12
291 PC3/PWM11
281 PC2/PWM10
27[] PC1/PWM9

261 PCO/PWM8

25[] PD1/SCL

241 PDO/SDA

23[ pao

227 Pat

21 [ Pa2

Figure 2-1 Pin Assignment for 40-pin DIP Package
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PWM2 1 N 421 VSYNC
PWM1 ]2 411 HSYNC
PWM0 3 401 PWM3
RESET 4 391 PWM4
VDD 15 381 PWM5
NC ]6 37[NC
VSS 7 361 PWM6
XTAL 8 351 PWM7
EXTAL ]9 3411 PC7/PWM15/HTTL
PB5 []10 33[1 PC6/PWM14/NVTTL
PB4 11 32[1 PC5/PWM13
PB3 []12 31[1 PC4/PWM12
PB2 []13 30[1 PC3/PWM11
PB1 14 29[ PC2/PWM10
PBO 15 281 PC1/PWM9
IRQ/VPP 16 273 PCO/PWMSB
PA7 C]17 261 PD1/SCL
PA6 [C]18 251 PD0O/SDA
PA5 19 2411 PAO
PA4 T]20 231 PA1
PA3 CJ21 22[1 PA2

Figure 2-2 Pin Assignment for 42-pin SDIP Package

2.3 INPUT/OUTPUT PORTS

In the User Mode there are 24 bidirectional I/O lines arranged as 4 I/O ports (Port A, B, C, and D).
The individual bits in these ports are programmable as either inputs or outputs under software
control by the data direction registers (DDRs). Also, if enabled by software, Port C and D will have
additional functions as PWM outputs, M-Bus I/0 and Sync Signal Processor outputs.

2.3.1 Port A

Port A is an 8-bit bidirectional port which does not share any of its pins with other subsystems.
The Port A data register is at $00 and the data direction register (DDR) is at $04. Reset does not
affect the data register, yet clears the data direction register, thereby returning the ports to inputs.
Writing a one to a DDR bit sets the corresponding port bit to output mode.

2.3.2 Port B

Port B is a 6-bit bidirectional port which does not share any of its pins with other subsystems. PB2
to PB5 are +10V open-drain port pins. The Port B data register is at $01 and the data direction
register (DDR) is at $05. Reset does not affect the data register, yet clears the data direction
register, thereby returning the ports to inputs. Writing a one to a DDR bit sets the corresponding
port bit to output mode.

MC68HC05BD3 PIN DESCRIPTION AND I/O PORTS MOTOROLA
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2.3.3 Port C

Port C is an 8-bit bidirectional port which shares pins with PWM and SSP subsystem. See
Section 6 for a detailed description of PWM and Section 8 for a detailed description of SSP. These
pins are configured to PWM output when the corresponding bits in the Configuration register 1 are
set, except PC6 and PC7. PC6 and PC7 are configured to SSP outputs when the corresponding
bits in the Configuration register 2 are set. The Port C data register is at $02 and the data direction
register (DDR) is at $06. Reset does not affect the data register, but clears the data direction
register, thereby returning the ports to inputs. Writing a one to a DDR bit sets the corresponding
port bit to output mode.

2.3.4 Port D

Port D is a 2-bit bidirectional port which shares pins with M-Bus subsystem. See Section 7 for a
detailed description of M-Bus. These pins are configured to the corresponding functions when the
corresponding bits in the Configuration register 2 are set. They are +5V open-drain 1/O pins when
used as M-Bus I/0. The Port D data register is at $03 and the data direction register (DDR) is at
$07. Reset does not affect the data register, yet clears the data direction register, thereby returning
the ports to inputs. Writing a one to a DDR bit sets the corresponding port bit to output mode.

2.3.5 Input/Output Programming

Bidirectional port lines may be programmed as an input or an output under software control. The
direction of the pins is determined by the state of the corresponding bit in the port data direction
register (DDR). Each port has an associated DDR. Any I/O port pin is configured as an output if
its corresponding DDR bit is set. A pin is configured as an input if its corresponding DDR bit is
cleared.

During Reset, all DDRs are cleared, which configure all port pins as inputs. The data direction
registers are capable of being written to or read by the processor. During the programmed output
state, a read of the data register actually reads the value of the output data latch and not the I/O

pin.

Table 2-1 1/O Pin Functions

RW | DDR 1/O Pin Function
0 0 The I/0 pin is in input mode. Data is written into the output data latch.
0 1 Data is written into the output data latch and output to the 1/0 pin.
1 0 The state of the I/O pin is read.
1 1 The I/0 pin is in an output mode. The output data latch is read.

MOTOROLA PIN DESCRIPTION AND /O PORTS MC68HCO05BD3
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2.3.6 Port C and D Configuration Registers

Port C and Port D are shared with PWM, M-Bus and SSP. The configuration registers at $0A and
$0B are used to configure those I/O pins. They are default to zero after power-on reset. Setting
these bits will set the corresponding pins to the corresponding functions, except PC6 and PC7.
For example, setting SCL and SDA bits of register $0B will configure Port D pins 1 and 0 as M-Bus
pins, regardless of DDR1 and DDRO settings.

Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 O2©
on reset
Configuration Register 1 | S000A |PWM15 PWNI14[PWN13[PWM12| PWNI11{PWNM10| PWM9 | PWMS | 0000 0000 |
. . . . . . . . State
Address bit7 bit6 bit5 bit4d bit3 bit2 bit1 bit0
on reset
Configuration Register 2 \ $000B \ HTTL \ VTTL \ \ \ \ \ sCL \ SDA \oooo oooo\

PC7 and PC6 are shared with both PWM and SSP. When HTTL and VTTL in $000B are set, PC7
and PC6 are configured as HTTL and VTTL outputs respectively, regardless of the status of
PWM15 and PWM14 in $000A. That is, HTTL and VTTL settings override PWM15 and PWM14
settings.

Table 2-2 Configuration for PC6 and PC7

PWM15 HTTL Result of PC7 PWM14 VTTL Result of PC6
0 0 PC7 0 0 PC6
0 1 HTTL 0 1 VTTL
1 0 PWM15 1 0 PWM14
1 1 HTTL 1 1 VTTL
MC68HC05BD3 PIN DESCRIPTION AND I/O PORTS MOTOROLA
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DATA DIRECTION
“"™1 REGISTERBIT
INTERNAL
MCe8HCOS ~ ——| LATC';/E?A%?TT PUT . OUTPUT 1/0 PIN
CONNECTIONS
INPUT
REGISTER
BIT
-
INPUT 1/0
(a)
7 6 5 4 3 2 1 0

TYPICAL PORT
DATA DIREC REGISTER |DDR7 DDR6 | DDR5 | DDR4 | DDR3 | DDR2 | DDR1 | DDRO

TYPICAL PORT REGISTER |
1/0 PORT LINES i i i i i t t t
Px7 Px6 Px5 Px4 Px3 Px2 Px1 Px0
(b)
Voo
NOTE:
PORT DATA (1) IP = INPUT PROTECTION
(2) LATCH-UP PROTECTION NOT SHOWN
& P
PORT DDR
PAD
+ K
P
INTERNAL LOGIC <—Q<}
(c)
Figure 2-3 Parallel Port I/O Circuitry
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3

MEMORY AND REGISTERS

The MC68HC05BD3/MC68HC705BD3/MC68HCO5BDS5 has a 16K-byte memory map consisting
of registers, user ROM/EPROM, user RAM, self-check/bootstrap ROM, and I/O as shown in
Figure 3-1.

3.1 Registers

All the I/O, control and status registers of the MC68HCO5BD3 are contained within the first 48-byte
block of the memory map (address $0000 to $002F).

3.2 RAM (MC68HC05BD3)

The user RAM consists of 128 bytes of memory, from $0080 to $00FF. This is shared with a 64
byte stack area. The stack begins at $00FF and counts down to $00CO.

3.3 RAM (MC68HC705BD3/MC68HC05BDS5)

The user RAM consists of 256 bytes of memory, from $0080 to $017F. This is shared with a 64
byte stack area. The stack begins at $00FF and counts down to $00CO0.

Note: Using the stack area for data storage or temporary work locations requires care to
prevent the data from being overwritten due to stacking from an interrupt or subroutine
call.

MC68HC05BD3 MEMORY AND REGISTERS MOTOROLA
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3.4 ROM (MC68HCO05BD3)

The user ROM consists of 3.75K-bytes of memory, from $3000 to $3EFF.

3.5 ROM (MC68HCO05BD5)

The user ROM consists of 7.75K-bytes of memory, from $2000 to $3EFF.

3.6 EPROM (MC68HC705BD3)

The user EPROM consists of 7.75K-bytes of memory, from $2000 to $3EFF.

3.7 Bootstrap ROM

This is available on the MC68HC705BD3 device only. It stores the on-chip program for

programming the user EPROM.

MOTOROLA MEMORY AND REGISTERS
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MC68HC05BD3

MC68HC05BD5 MC68HC705BD3
$0000 10 $0000 110 $0000 o Port A Data Regllster $00
48 Bytes 48 Bytes 48 Bytes Port B Data Register $01
$002F $002F $002F Port C Data Register $02
$0030 $0030 30030 -
Port D Data Register $03
Unused Unused Unused Port A Data Direction Register  [$04
$007F $007F $007F Port B Data Direction Register  |$05
$0080 $0080 $0080 " Port C Data Direction Register  |$06
N gJ;grBHf;’\él . . \ Port D Data Direction Register ~ |$07
sooco 4" td sooco 1y sooco[ ¥ ' MFT Control and Status Register |$08
\
$00FF 64 Bytes $00FF 64 Bytes SO00FF 64 Bytes \ MFT Timer Counter Register $09
$0100 User RAM User RAM { Configuration Register 1 $0A
256 Bytes 256 Bytes “ Configuration Register 2 $0B
| SSP Control and Status Register |$0C
$017F $017F " Vertical Frequency High Register |$0D
$0180 30180 \ Vertical Frequency Low Register  |$0E
! Line Frequency High Register | $0F
\
\ Line Frequency Low Register $10
! Sync Signal Control Register ~ |$11
Unused . Unused $12
| Unused $13
! Unused $14
Unused
Unused S1DFF v‘ Unused $15
$1E00 | Unused . $16
, MBUS Address Register $17
Bozgggp ROM ' MBUS Frequency Divider Register |$18
ytes " MBUS Control Register $19
$1FDF ' MBUS Status Register $1A
S1FFE -g;[:‘::fﬁ_:g Unused ) MBUS Data Register $18
$2000 $2000 \ Unused $1C
“ Programming Control Register  [$1D
\ HSYNC Period Width Register  |$1E
! Reserved $1F
SorFF A PWMO $20
$3000 User ROM User EPROM ' PWM1 $21
7936 Byles 7936 Bytes FWM2 $22
PWM3 $23
User ROM PWM4 $24
3840 Bytes PWM5 $25
PWM6 $26
$3EFF $3EFF $3EFF ' PIN7 s
$3F00 $3F00 $3F00 ! PWMg $28
Self-Check Selt-Check ' PWMO $29
Program Program Unused ! T S2A
224 Bytes 224 Bytes !
$3FDF $3FDF S3FDF \ PWM11 $28
$3FE0 Self-Check $3FE0 Self-Check $3FE0 Bootstrap \ PWM12 $2C
Vectors Vectors Vectors ' PWM13 $2D
$3FEF 16 Bytes $3FEF 16 Bytes S3FEF 16 Bytes “ PWM14 $2E
$3FFO User Vectors $3FFO User Vectors $3FF0 User Vectors N PWM15 $2F
16 Bytes 16 Bytes 16 Bytes T
SOFFF y S3FFF Y SOFFF 4 S
\ $3FFO Reserved
$3FF2 Reserved
N $3FF4 MFT
v $3FF6 MBUS
' $3FF8 SSP
$3FFA IRQ
$3FFC SWI
$3FFE. RESET
Figure 3-1 Memory Map
MC68HC05BD3 MEMORY AND REGISTERS MOTOROLA
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Table 3-1 Register Outline

Register Name Address| bit7 | bite | bits | bit4 | bit3 | bit2 | bit1 | bito | S®®
Port A data $0000 | PA7 | PA6 | PA5 | PA4 | PA3 | PA2 | PA1 | PAO |undefined
Port B data $0001 PB5 | PB4 | PB3 | PB2 | PB1 | PBO |undefined
Port C data $0002 | PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO |undefined
Port D data $0003 PD1 | PDO |undefined
Port A data direction $0004 | DDRA7 DDRA6|DDRA5 DDRA4|/DDRA3|DDRA2|DDRA1|DDRAO| 0000 0000
Port B data direction $0005 DDRB5|DDRB4| DDRB3|DDRB2DDRB1|DDRBO0| --00 0000
Port C data direction $0006 |DDRC7|DDRC6 DDRC5 DDRC4|DDRC3|DDRC2 DDRC1|DDRCO| 0000 0000
Port D data direction $0007 DDRD1/DDRDO| ---- --00
MFT control and status $0008 | TOF | RTIF | TOFIE | RTIE | IRQN RT1 RTO | 0000 0-11
MFT timer counter $0009 |MFTCR7|MFTCR6|MFTCR5 MFTCR4|MFTCR3 MFTCR2MFTCR1|/MFTCRO| 0000 0000
Configuration 1 $000A |PWM15/PWM14|PWM13[PWM12(PWM11|PWM10| PWM9 | PWM8 | 0000 0000
Configuration 2 $000B | HTTL | VTTL SCL | SDA | 00----00
SSP control and status $000C | VPOL | HPOL | VDET | HDET | SOUT |INSRTB| FOUT | VSIN |0000 0000
Vertical frequency high $000D 0 0 0 VF12 | VF11 | VF10 | VF9 | VF8 | 0000 0000
Vertical frequency low $000E | VF7 | VF6 | VF5 | VF4 | VF3 | VF2 | VF1 | VFO | 00000000
Line frequency high $000F [HOVER| 0 0 0 LF11 | LF10 | LF9 | LF8 |0000 0000
Line frequency low $0010 | LF7 | LF6 | LF5 | LF4 | LF3 | LF2 | LF1 LFO | 0000 0000
Sync signal control $0011 | VSIE | 0 0 0 0 0 0 0 | 0000 0000
Unused $0012
Unused $0013
Unused $0014
Unused $0015
Unused $0016
MBUS address $0017 | MAD7 | MAD6 | MAD5 | MAD4 | MAD3 | MAD2 | MAD1 0000 000-
MBUS frequency divider $0018 FD4 | FD3 | FD2 | FD1 | FDO | --00000
MBUS control $0019 | MEN | MIEN | MSTA | MTX | TXAK 0000 0---
MBUS status $001A | MCF | MASS | MBB | MAL SRW | MIF | RXAK | 1000 -001
MBUS data $001B | MD7 | MD6 | MD5 | MD4 | MD3 | MD2 | MD1 | MDO |undefined
Unused $001C
Programming Control $001D ELAT | PGM | ----- 00
HSYNC period width $001E |HPWR7HPWR6/HPWR5HPWR4/HPWR3/HPWR2/HPWR1/HPWRO| 0000 0000
Reserved $001F
MOTOROLA MEMORY AND REGISTERS MC68HCO05BD3
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Table 3-1 Register Outline

Register Name Address| bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bit0 or?tr?:et
0PWM $0020 (OPWM4(0PWM3|0PWM2|0PWM1|{0PWMO 0BRM2 0BRM1 0BRMO| 0000 0000
1PWM $0021 |1PWM4|1PWM3|1PWM2/1PWM1|1PWMO0|1BRM2|1BRM1|1BRMO| 0000 0000
2PWM $0022 (2PWM4(2PWM3|2PWM2|2PWM1|{2PWM0|2BRM2 |2BRM1 |2BRMO| 0000 0000
3PWM $0023 [3PWM4(3PWM3|3PWM2|3PWM1|{3PWM0 3BRM2 3BRM1 3BRMO| 0000 0000
4PWM $0024 |4PWM4|4PWM3|4PWM2 4PWM1|4PWMO|4BRM2 |4BRM1|4BRMO| 0000 0000
5PWM $0025 |(5PWM4(5PWM3|5PWM2/5PWM1|{5PWMO0 5BRM2 5BRM1 5BRMO| 0000 0000
6PWM $0026 |(6PWM4|6PWM3|6PWM2 6PWM1|6PWMO0 6BRM2 6BRM1 6BRMO| 0000 0000
7TPWM $0027 |7PWM4|7PWM3|7PWM2/7PWM1|7PWMO0|7BRM2 |7BRM1|7BRMO| 0000 0000
8PWM $0028 (8PWM4(8PWM3|8PWM2/8PWM1|{8PWMO0 8BRM2 8BRM1 8BRMO| 0000 0000
9PWM $0029 (9PWM4(9PWM3|9PWM2|9PWM1|{9PWMO0 9BRM2 9BRM1 9BRMO| 0000 0000
10PWM $002A |10PWM4|10PWM3|10PWM2|10PWM1|10PWMO0| 10BRM2|10BRM1|10BRMO| 0000 0000
11PWM $002B |11PWM4|11PWM3|11PWM2|11PWM1|11PWMO0|11BRM2|11BRM1|11BRMO| 0000 0000
12PWM $002C |12PWM4|12PWM3|12PWM2|12PWM1|12PWMO|12BRM2|12BRM1 [12BRMO| 0000 0000
13PWM $002D |13PWM4|13PWM3|13PWM2|13PWM1|13PWMO0| 13BRM2|13BRM1|13BRMO| 0000 0000
14PWM $002E |14PWM4|14PWM3|14PWM2|14PWM1|14PWMO|14BRM2|14BRM1|14BRMO| 0000 0000
15PWM $002F |15PWM4|15PWM3|15PWM2|15PWM1|15PWMO|15BRM2| 15BRM1|15BRMO0| 0000 0000

MC68HC05BD3 MEMORY AND REGISTERS MOTOROLA
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A

RESETS AND INTERRUPTS

4.1 RESETS

The MC68HCO05BD3 can be reset in four ways: by the initial power-on reset function, by an active
low input to the RESET pin, by an opcode fetch from an illegal address, and by a COP watchdog
timer reset. Any of these resets will cause the program to go to its starting address, specified by
the contents of memory locations $3FFE and $3FFF, and cause the interrupt mask of the
Condition Code register to be set.

41.1 Power-On Reset (POR)

The power-on reset occurs when a positive transition is detected on the supply voltage, Vpp. The
power-on reset is used strictly for power-up conditions, and should not be used to detect any drops
in the power supply voltage. There is no provision for a power-down reset. The power-on circuitry
provides for a 4064 tcyc delay from the time that the oscillator becomes active. If the external
RESET pin is low at the end of the 4064 tcyc time out, the processor remains in the reset condition
until RESET goes high. The user must ensure that Vpp has risen to a point where the MCU can
operate properly prior to the time the 4064 POR cycles have elapsed. If there is doubt, the external
RESET pin should remain low until such time that Vpp has risen to the minimum operating voltage
specified.

4.1.2 RESET Pin

The RESET input pin is used to reset the MCU to provide an orderly software start-up procedure.
When using the external reset, the RESET pin must stay low for a minimum of 1.5tcyc. The
RESET pin contains an internal Schmitt Trigger as part of its input to improve noise immunity.

MC68HCO05BD3 RESETS AND INTERRUPTS MOTOROLA
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VDD THRESHOLD (TYPICALLY 1-2V)
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NOTES:

1. XTAL is not meant to represent frequency. It is only used to represent time.

2. Internal clock, internal address bus, and internal data bus signals are not available externally.
3. Next rising edge of internal clock after rising edge of RESET initiates reset sequence.

3FFF NEW PC

M

4><4

Figure 4-1 Power-On Reset and RESET Timing

4.1.3 lllegal Address (ILADR) Reset

The MCU monitors all opcode fetches. If an illegal address space is accessed during an opcode
fetch, an internal reset is generated. lllegal address spaces consist of all unused locations within
the memory map and the I/O registers (see Figure 3-1). Because the internal reset signal is used,
the MCU comes out of an ILADR reset in the same operating mode it was in when the opcode was
fetched.

4.1.4 Computer Operating Properly (COP) Reset

The MCU contains a watchdog timer that automatically times out if not reset (cleared) within a
specific amount of time by a program reset sequence.

MOTOROLA RESETS AND INTERRUPTS MC68HCO05BD3
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Note: COP time-out is prevented by periodically writing a “0” to bit 0 of address $3FFO.

If the watchdog timer is allowed to time-out, an internal reset is generated to reset the MCU.
Because the internal reset signal is used, the MCU comes out of a COP reset in the same
operating mode it was in when the COP time-out was generated.

The COP reset function is always enabled.

See Section 5.3 for more information on the COP watchdog timer. .

4.2 INTERRUPTS

The MCU can be interrupted by different sources — four maskable hardware interrupt and one
non-maskable software interrupt:

« External signal on the IRQ pin

¢ Multi-Function Timer (MFT)

¢ M-Bus Interface (MBUS)

¢ Sync Signal Processor (SSP)

¢ Software Interrupt Instruction (SWI)

If the interrupt mask bit (I-bit) of the CCR is set, all maskable interrupts (internal and external) are
disabled. Clearing the I-bit enables interrupts.

Interrupts cause the processor to save the register contents on the stack and to set the interrupt
mask (I-bit) to prevent additional interrupts. The RTI instruction causes the register contents to be
recovered from the stack and normal processing to resume.

Unlike reset, hardware interrupts do not cause the current instruction execution to be halted, but
are considered pending until the current instruction is complete. The current instruction is the one
already fetched and being operated on. When the current instruction is complete, the processor
checks all pending hardware interrupts. If interrupts are not masked (CCR I-bit clear) the
processor proceeds with interrupt processing; otherwise, the next instruction is fetched and
executed.

Table 4-1 shows the relative priority of all the possible interrupt sources.

4.2.1 Non-maskable Software Interrupt (SWI)

The software interrupt (SWI) is an executable instruction and a non-maskable interrupt: it is
execute regardless of the state of the I-bit in the CCR. If the I-bit is zero (interrupt enabled), SWI
is executed after interrupts that were pending when the SWI was fetched, but before interrupts
generated after the SWI was fetched. The SWI interrupt service routine address is specified by
the contents of memory locations $3FFC and $3FFD.
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$00C0 (BOTTOM OF STACK)
$00C1
UNSTACKING soocz
ORDER *
5 1 CONDITION CODE REGISTER
4 2 ACCUMULATOR
3 3 INDEX REGISTER
2 4 PROGRAM COUNTER (HIGH BYTE)
1 5 PROGRAM COUNTER (LOW BYTE)
STACKING
ORDER
$00FD
$00FE
$00FF (TOP OF STACK)
Figure 4-2 Interrupt Stacking Order
Table 4-1 Reset/Interrupt Vector Addresses
Register Flag Name Interrupt CPU Interrupt Vector Address Priority
- - Reset RESET $3FFE-$3FFF highest
- - Software SWi $3FFC-$3FFD y
- - External Interrupt IRQ $3FFA-$3FFB
SSCR - VSYNC SSP $3FF8-$3FF9
MSR MIF M-Bus MBUS $3FF6-$3FF7
TOF Timer Overflow
MFTCSR MFT FF4-$3FF
cs RTIF Real Time Interrupt S3FF4-IFFS
- - - - $3FF2-$3FF3
- - - - $3FF0-$3FF1 lowest
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4.2.2 Maskable Hardware Interrupts

If the interrupt mask bit (I-bit) of the CCR is set, all maskable interrupts (internal and external) are
masked. Clearing the I-bit allows interrupt processing to occur.

Note: The internal interrupt latch is cleared in the first part of the interrupt service routine;
therefore, one external interrupt pulse could be latched and serviced as soon as the
I-bit is cleared.

4.2.2.1 External Interrupt (IRQ)

The external interrupt IRQ can be software configured for “negative-edge” or “negative-edge and
level” sensitive triggering by the IRQN bit in the Multi-Function TImer Control and Status
register.

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 State
on reset
MFT Control and Status | $0008 | TOF | RTIF | TOFIE | RTIE | IRQN | | RT1 | RTO | 0000011 |
IRON
1(set) — Negative edge triggering for IRQ only
0 (clear) — Level and negative edge triggering for IRQ

When the signal of the external interrupt pin, IRQ, satisfies the condition selected, an external
interrupt occurs. The actual processor interrupt is generated only if the interrupt mask bit of the
condition code register is also cleared. When the interrupt is recognized, the current state of the
processor is pushed onto the stack and the interrupt mask bit in the condition code register is set.
This masks further interrupts until the present one is serviced. The service routine address is
specified by the contents $3FFA & $3FFB.

The interrupt logic recognizes negative edge transitions and pulses (special case of negative
edges) on the external interrupt line. Figure 4-3 shows both a block diagram and timing for the
interrupt line (IRQ) to the processor. The first method is used if pulses on the interrupt line are
spaced far enough apart to be serviced. The minimum time between pulses is equal to the number
of cycles required to execute the interrupt service routine plus 21 cycles. Once a pulse occurs, the
next pulse should not occur until the MCU software has exited the routine (an RTI occurs). The
second configuration shows several interrupt lines wired-OR to perform the interrupt at the
processor. Thus, if the interrupt lines remain low after servicing one interrupt, the next interrupt is
recognized.

Note: The internal interrupt latch is cleared in the first part of the service routine; therefore,
one (and only one) external interrupt pulse could be latched during t; ;. and serviced
as soon as the | bit is cleared.
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IRQN bit

Q +
External
Interrupt
Voo Request
L Q
D Q I BIT (CCR)
IRQ pin >c
Q
R Power-On Reset
External Reset
External Interrupt
being serviced
(read of vectors)
(a) Interrupt Function Diagram
EDGE SENSITIVE TRIGGER
__ l_ CONDITION
IR The minimum pulse width t | is one
i internal bus period. The period t)_
> ‘ ILIK should not be less than the number of

toyc cycles it takes to execute the
interrupt service routine plus 21 tcyc
cycles.

L LEVEL SENSITIVE TRIGGER
CONDITION

. If after servicing an interrupt the IRQ
Wired ORed ' pin remains low, then the next interrupt
Interrupt signals . is recognized. Normally used with wired
. OR connection.

Normally used with pull-up resistors for

wired-OR connection.

IRQ
(b) Interrupt Mode Diagram
Figure 4-3 External Interrupt Circuit and Timing
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4.2.2.2 Sync Signal Processor Interrupt

The VSYNC interrupt is generated by the Sync Signal Processor (SSP) after a vertical sync pulse
is detected as described in Section 8. The interrupt enable bit, VSIE, for the VSYNC interrupt is
located at bit 7 of Sync Signal Control register (SSCR) at $0011. The I-bit in the CCR must be
cleared in order for the VSYNC interrupt to be enabled. This interrupt will vector to the interrupt
service routine located at the address specified by the contents of $3FF8 and $3FF9. The VSYNC
interrupt latch will be cleared automatically by fetching of these vectors.

Refer to Section 8 for detailed description of Sync Signal Processor.

4.2.2.3 M-Bus Interrupts

M-Bus interrupt is enabled when the M-Bus Interrupt Enable bit (MIEN) of M-Bus Control register
is set, provided the interrupt mask bit of the Condition Code register is cleared. The interrupt
service routine address is specified by the contents of memory location $3FF6 and $3FF7.

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bito oo
on reset
M-Bus Status Register \ $001A \ MCF ‘MAAS‘ MBB \ MAL \ \ SRW \ MIF ‘RXAK \ 1000 0001\

MIF - M-Bus Interrupt
1(set)y - An M-Bus interrupt has occurred.
0 (clear) — An M-Bus interrupt has not occurred.

When this bit is set, an interrupt is generated to the CPU if MIEN is set. This bit is set when one
of the following events occurs:

1) Completion of one byte of data transfer. It is set at the falling edge of the 9th
clock - MCF set.

2) A match of the calling address with its own specific address in slave mode -
MAAS set.

3) Aloss of bus arbitration - MAL set.

This bit must be cleared by software in the interrupt routine.

MCF - Data Transfer Complete
1(set) — A byte transfer has been completed.

0 (clear) — A byte is being transfer.

MAAS - Addressed as Slave

1(set) — Currently addressed as a slave.
0 (clear) — Not currently addressed.
MC68HC05BD3 RESETS AND INTERRUPTS MOTOROLA
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Then CPU needs to check the SRW bit and set its MTX bit accordingly. Writing to the M-Bus
Control register clears this bit.
MAL - Arbitration Lost

1(set) — Lost arbitration in master mode.

0 (clear) — No arbitration lost.

Refer to Section 7 for detailed description of M-Bus Interface.

4.2.2.4  Multi-Function Timer Interrupts

There are two interrupt sources, TOF and RTIF bits of Multi-Function Timer Control and Status
Register. The interrupt service routine address is specified by the contents of memory location
$3FF4 and $3FF5.

Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 S2C
on reset
MFT Control and Status Register | $0008 | TOF | RTIF | TOFIE| RTIE | IRON | | RT1 | RTO |00000011|

TOF - Timer Overflow
1(set) — 8-hitripple timer overflow has occurred.
0 (clear) — No 8-bit ripple timer overflow has occurred.
This bit is set when the 8-bit ripple counter overflows from $FF to $00; a timer overflow interrupt
will occur, if TOFIE is set. TOF is cleared by writing a “0” to the bit.
RTIF - Real Time Interrupt Flag
1(set) - Arealtime interrupt has occurred.
0 (clear) — Areal time interrupt has not occurred.

The clock frequency that drives the RTI circuit is E/16384, giving a maximum interrupt period of
8.19ms at a bus clock rate of 2MHz. A CPU interrupt request will be generated if RTIE is set. RTIF
is cleared by writing a “0” to the bit.

Refer to Section 5 for detailed description of Multi-Function Timer.

MOTOROLA RESETS AND INTERRUPTS MC68HCO5BD3
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5

MULTI-FUNCTION TIMER

The MFT provides miscellaneous functions to the MC68HCO05BD3 MCU. It includes a timer
overflow function, real-time interrupt, and COP watchdog. The external interrupt (IRQ) triggering
option is also set by this module’s MFT Control and Status Register.

The clock base for this module is derived from the bus clock divided by four. For a 2MHz E (CPU)
clock, the clock base is 0.5MHz. This clock base is then divided by an 8-stage ripple counter to
generate the timer overflow. Timer overflow rate is thus E/1024. The output of this 8-stage ripple
counter then drives a 4-stage divider to generate real time interrupt. Hence, the clock base for real
time interrupt is E/16384. Real time interrupt rate is selected by RTO and RT1 bits of MFT Control
and Status register. The interrupt rates are E/16384, (E/16384)/2, (E/16384)/4, and (E/16384)/8.
The selected real time interrupt rate is then divided by 8 to generate COP reset.

5.1 MFT Counter Register

The MFT counter register (MFTCR) can be read at location $0009. It is cleared by reset.

5.2 MFT Control and Status Register
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bito e
on reset
MFT Control and Status Register | $1C | TOF | RTIF | TOFIE| RTIE | IRGN | | RT1 | RTO |00000011|
Register bit definitions:
TOF - Timer Overflow
1(set) — 8-hit ripple timer overflow has occurred.
0 (clear) — No 8-bit ripple timer overflow has occurred.
MC68HC05BD3 MULTI-FUNCTION TIMER MOTOROLA
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This bit is set when the 8-bit ripple counter overflows from $FF to $00; a timer overflow interrupt
will occur, if TOFIE (bit 5) is set. TOF is cleared by writing a “0” to the bit.
RTIF - Real Time Interrupt Flag

1(set) - Arealtime interrupt has occurred.

0 (clear) — A real time interrupt has not occurred.

When RTIF is set, a CPU interrupt request is generated if RITE is set. The clock frequency that
drives the RTI circuit is E/16384 giving a maximum interrupt period of 8.19ms at a bus rate of
2MHz. RTIF is cleared by writing a “0” to the bit.
TOFIE - Timer Overflow Interrupt Enable

1(sety - TOF interruptis enabled.

0 (clear) — TOF interrupt is disabled.

RTIE - Real Time Interrupt Enable
1(set) - Realtime interruptis enabled.

0 (clear) — Real time interrupt is disabled.

IRQN - IRQ Pin Trigger Option
1(set) — Negative edge triggering for IRQ only

0 (clear) — Level and negative edge triggering for IRQ

RT1, RTO - Rate Select for COP watchdog and RTI

See Section 5.3 on watchdog reset.

5.3 COP Watchdog

The COP (Computer Operating Properly) watchdog timer function is implemented by using the
output of the Multi-Function Timer counter. The minimum COP reset rates are controlled by RTO
and RT1 of MFT Control and Status register. If the COP circuit times out, an internal reset is
generated and the reset vector is fetched (at $3FFE & $3FFF). Preventing a COP time-out is
achieved by writing a “0” to bit 0 of address $3FFO0. The COP counter has to be cleared periodically
by software with a period less than COP reset rate. The COP watchdog timer is always enabled
and continues to count in Wait mode.

MOTOROLA MULTI-FUNCTION TIMER MC68HC05BD3
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Table 5-1 COP Reset and RTI Rates

RTH RTO Minimum COP reset period RTI period

cop E clock = 2MHz RTI E clock = 2MHz

0 0 E/16384/7/1 57.344ms E/16384/1 8.192ms

0 1 E/16384/7/2 114.688ms E/16384/2 16.384ms

1 0 E/16384/7/4 229.376ms E/16384/4 32.768ms

1 1 E/16384/7/8 458.752ms E/16384/8 65.536ms
Note: RTO and RT1 should only be changed immediately after COP

watchdog timer has been reset.
MC68HC05BD3 MULTI-FUNCTION TIMER

MOTOROLA

5-3




MOTOROLA
5-4

THIS PAGE LEFT BLANK INTENTIONALLY

MULTI-FUNCTION TIMER

MC68HCO05BD3



6

PULSE WIDTH MODULATION

The MC68HC05BD3 has 16 PWM channels. Channel 0 to 7 are dedicated PWM channels.
Channel 8 to 15 are shared with port C I/O pins, and are selected by the respective bits in
Configuration register 1. PWM channels 0 to 13 are +10V open-drain type; therefore a pull-up
resistor is required at each of the pins.

6.1 PWM Registers

Each PWM channel has an 8-bit register which contains a 5-bit PWM in the MSB portion and a
3-bit binary rate multiplier (BRM) in the LSB portion. The PWM channel data registers are located
from $20 to $2F.

Address bit7  bit6  bit5  bitd  bit3  bit2  bit1  bito @

on reset
OPWM \ $0020 \ 0PWM4 \ 0PWM3 \ OPWM2 \ OPWM1 \ OPWMO \ 0BRM2 \ 0BRM1 \ 0BRMO \ 0000 0000 \
15P.WM \ $002F ‘15PWM4‘15PWM3‘15PWM2‘15PWM1‘1.5PWMO‘1SBRM2‘1SBRM1 \153RM0\ 0000 0000 \

6.2 General Operation

The value programmed in the 5-bit PWM portion will determine the pulse length of the output. The
clock to the 5-bit PWM portion is the E clock and the repetition rate of the output is hence 62.5KHz
at 2MHz E clock.

The 3-bit BRM will generate a number of narrow pulses which are equally distributed among an
8-PWM-cycle. The number of pulses generated is equal to the number programmed in the 3-bit
BRM portion. Example of the waveforms are shown in Figure 6-1.

Combining the 5-bit PWM together with the 3-bit BRM, the average duty cycle at the output will be
(M+N/8)/32, where M is the content of the 5-bit PWM portion, and N is the content of the 3-bit BRM
portion. Using this mechanism, a true 8-bit resolution PWM is achieved.

MC68HC05BD3 PULSE WIDTH MODULATION MOTOROLA
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The value of each PWM Data Register is continuously compared with the content of an internal
counter to determine the state of each PWM channel output pin. Double buffering is not used in
this PWM design.

‘ 32T=16ps ‘
M=$00 !

o] I
M=$0F 16T 16T

M=$1F L 31T

Pulse inserted at end of PWM cycle

depends on setting of N. \
T=1 CPU clock period (0.5ps if CPU clock=2MHz)

M = value set in 5-bit PWM (bit3-bit7)
N = value set in 3-bit BRM (bit0-bit2)

1=

N PWM cycles where pulses are inserted in a 8-cycle frame Num.ber of inserted
pulses in a 8-cycle frame
xx1 4 1
x1x 2,6 2
1Xx 1,3,5,7 4

Figure 6-1 8-Bit PWM Output Waveforms
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M-BUS SERIAL INTERFACE

M-Bus (Motorola Bus) is a two-wire, bidirectional serial bus which provides a simple, efficient way
for data exchange between devices. It is fully compatible with the I2C bus standard. This two-wire
bus minimizes the interconnection between devices and eliminates the need for address
decoders; resulting in less PCB traces and economic hardware structure. This bus is suitable for
applications requiring communications in a short distance among a number of devices. The
maximum data rate is 100Kbit/s. The maximum communication length and number of devices that
can be connected are limited by a maximum bus capacitance of 400pF.

or more masters intend to control the bus simultaneously. It may be used for rapid testing and

The M-Bus system is a true multi-master bus, including arbitration to prevent data collision if two
alignment of end products via external connections to an assembly-line computer.

7.1 M-Bus Interface Features

« Compatible with 12C bus standard

e Multi-master operation

« 32 software programmable serial clock frequencies

* Software selectable acknowledge bit

* Interrupt driven byte-by-byte data transfer

« Arbitration lost driven interrupt with automatic mode switching from master to slave
* Calling address identification interrupt

* Generate/detect the start, stop and acknowledge signals

¢ Repeated START signal generation

¢ Bus busy detection

MC68HC05BD3 M-BUS SERIAL INTERFACE MOTOROLA
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Control register \ Status register \ \ \
[ MEN T MIENmsTAT MTX [TXAK] | M‘CF [maas] MBB‘ MAL |SR:N| l\:}IF |R):AK| Frgﬂ}i;ggrcy Address
register register
.I\{I-Bust y
- interrupt | ¢
Interrupt Address
comparator
[
M-Bus clock
™ cgrﬁlr'ol - generator |
SCL -——» sync logic
]
TX shift y RX shift
register [ > | register
]
y y
— START, STOP START, STOP A
detector and generator and X RX
— | arbitration timing sync control control
T [
y
—™1  SDA Y
SDA control
Figure 7-1 M-Bus Interface Block Diagram
7.2 M-Bus Protocol

Normally, a standard communication is composed of four parts,

1) START signal,

2) slave address transmission,
3) data transfer, and

4) STOP signal.

They are described briefly in the following sections and illustrated in Figure 7-2.
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SCL

Acknowledge bit No acknowledge
soa |\ [\ [\ \ [ \ ]
START signal STOP signal

SCL
Acknowledge bit No acknowledge
START signal repeated START signal STOP signal

Figure 7-2 M-Bus Transmission Signal Diagram

7.2.1 START Signal

When the bus is free, i.e., no master device is occupying the bus (both SCL and SDA lines are at
logic high), a master may initiate communication by sending a START signal. As shown in
Figure 7-2, a START signal is defined as a high to low transition of SDA while SCL is high. This
signal denotes the beginning of a new data transfer (each data transfer may contain several bytes
of data) and wakes up all slaves.

7.2.2 Slave Address Transmission

The first byte of data transfer immediately following the START signal is the slave address
transmitted by the master. This is a seven bits long calling address followed by a R/W bit. The RIW
bit dictates the slave of the desired direction of data transfer.

Only the slave with matched address will respond by sending back an acknowledge bit by pulling
the SDA low at the 9th clock; see Figure 7-2.
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7.2.3 Data Transfer

Once a successful slave addressing is achieved, the data transfer can proceed byte by byte in a
direction specified by the R/W bit sent by the calling master.

Each data byte is 8 bits long. Data can be changed only when SCL is low and must be held stable
when SCL is high as shown in Figure 7-2. One clock pulse is for one bit of data transfer, MSB is
transferred first. Each data byte has to be followed by an acknowledge bit. Hence, one complete
data byte transfer requires 9 clock pulses.

If the slave receiver does not acknowledge the master, the SDA line should be left high by the
slave, the master can then generate a STOP signal to abort the data transfer or a START signal
(repeated START) to commence a hew calling.

If the master receiver does not acknowledge the slave transmitter after one byte transmission, it
means an “end of data” to the slave. The slave shall release the SDA line for the master to
generate STOP or START signal.

7.2.4 Repeated START Signal

As shown in Figure 7-2, a repeated START signal is to generate a START signal without first
generating a STOP signal to terminate the communication. This is used by the master to
communicate with another slave or with the same slave in a different mode (transmit/receive
mode) without releasing the bus.

7.2.5 STOP Signal

The master can terminate the communication by generating a STOP signal to free the bus.
However, the master may generate a START signal followed by a calling command without
generating a STOP signal first. This is called repeat START. A STOP signal is defined as a low to
high transition of SDA while SCL is at a logical high; see Figure 7-2.

7.2.6 Arbitration Procedure

This interface circuit is a true multi-master system which allows more than one master to be
connected. If two or more masters try to control the bus at the same time, a clock synchronization
procedure determines the bus clock. The clock low period is equal to the longest clock low period
among the masters; and the clock high period is the shortest among the masters. A data
arbitration procedure determines the priority. A master will lose arbitration if it transmits a logic “1”
while the others transmit logic “0”, the losing master will immediately switch over to slave receive
mode and stops its data and clock outputs. The transition from master to slave mode will not
generate a STOP condition. Meanwhile, a software bit will be set by hardware to indicate loss of
arbitration.

MOTOROLA M-BUS SERIAL INTERFACE MC68HCO05BD3
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7.2.7 Clock Synchronization

Since wire-AND logic is performed on the SCL line, a high to low transition on SCL line will affect
the devices connected to the bus. The devices start counting their low period and once a device's
clock has gone low, it will hold the SCL line low until the clock high state is reached. However, the
change of low to high in this device clock may not change the state of the SCL line, if another
device clock is still in its low period. Therefore synchronized clock SCL will be held low by the
device which releases SCL to a logic high in the last place. Devices with shorter low periods enter
a high wait state during this time (see Figure 7-3). When all devices concerned have counted off
their low period, the synchronized clock SCL line will be released and go high. All of them will start
counting their high periods. The first device to complete its high period will again pull the SCL line
low.

Start counting high period

WAIT
SCL1 /
SCL2 \ \
SCL

Internal counter reset

Figure 7-3 Clock Synchronization

7.2.8 Handshaking
The clock synchronization mechanism can be used as a handshake in data transfer. Slave device

may hold the SCL low after completion of one byte transfer (9 bits). In such case, it will halt the
bus clock and force the master clock in a wait state until the slave releases the SCL line.

7.3 M-Bus Registers

There are five registers used in the M-Bus interface, these are discussed in the following
paragraphs.

MC68HC05BD3 M-BUS SERIAL INTERFACE MOTOROLA
7-5



7.3.1

7.3.2

M-Bus Address Register (MADR)
Address bit7  bité  bit5  bitd  bit3  bit2  bit1  bito oo
on reset
\ $0017 \ MAD? \ MAD6 \ MAD5 \ MAD4 \ MAD3 \ MAD2 \ MAD1 \ \ 0000 0000
MAD1-MAD?7 are the slave address bits of the M-Bus module.
M-Bus Frequency Register (MFDR)
Address bit7  bit6  bit5  bitd  bit3  bit2  bit1  bito A
on reset
\soms\ \ \ \ FD4 \ FD3 \ FD2 \ FD1 \ FDO \00000000

FDO-FD4 are used for clock rate selection. The serial bit clock frequency is equal to the CPU clock
divided by the divider shown in Table 7-1.

Table 7-1 M-Bus Prescaler

FD4 FD3 FD2 FD1 FDO | DIVIDER FD4 FD3 FD2 FD1 FDO | DIVIDER
0 0 0 0 0 22 1 0 0 0 0 352
0 0 0 0 1 24 1 0 0 0 1 384
0 0 0 1 0 28 1 0 0 1 0 448
0 0 0 1 1 34 1 0 0 1 1 544
0 0 1 0 0 44 1 0 1 0 0 704
0 0 1 0 1 48 1 0 1 0 1 768
0 0 1 1 0 56 1 0 1 1 0 896
0 0 1 1 1 68 1 0 1 1 1 1088
0 1 0 0 0 88 1 1 0 0 0 1408
0 1 0 0 1 96 1 1 0 0 1 1536
0 1 0 1 0 112 1 1 0 1 0 1792
0 1 0 1 1 136 1 1 0 1 1 2176
0 1 1 0 0 176 1 1 1 0 0 2816
0 1 1 0 1 192 1 1 1 0 1 3072
0 1 1 1 0 224 1 1 1 1 0 3584
0 1 1 1 1 272 1 1 1 1 1 4352

For a 4MHz external crystal operation (2MHz internal operating frequency), the serial bit clock
frequency of M-Bus ranges from 460Hz to 90,909 Hz.

MOTOROLA
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7.3.3 M-Bus Control Register (MCR)

Address bit7  bit6  bit5  bit4  bit3  bit2  bit1  bit0 or?‘rit:et
\ $0019 \ MEN \ MIEN \ MSTA \ MTX \ TXAK \ \ \ \ 0000 0000

Register bit definitions:

MEN - M-Bus Enable
1(set)y - M-Bus interface system enabled.

0 (clear) — M-Bus interface system disabled.

MIEN - M-Bus Interrupt Enable
1(set)y — M-Bus interrupt enabled.

0 (clear) — M-Bus interrupt disabled.

This bit enables the MIF (in MSR) for M-Bus interrupts.

MSTA - Master/Slave Select
1(set) - M-Busis setfor master mode operation.
0 (clear) — M-Bus is set for slave mode operation.

Upon reset, this bit is cleared. When this bit is changed from 0 to 1, a START signal is generated
on the bus, and the master mode is selected. When this bit is changed from 1 to 0, a STOP signal
is generated and the operation mode changes from master to slave. In master mode, a bit clear
immediately followed by a bit set of this bit generates a repeated START signal without generating
a STOP signal.
MTX - Transmit/Receive Mode Select

1(set)y - M-Busis set for transmit mode.

0 (clear) — M-Bus is set for receive mode.

TXAK - Acknowledge Enable
1(set)y - Do notsend acknowledge signal.
0 (clear) — Send acknowledge signal at 9th clock bit.

If cleared, an acknowledge signal will be sent out to the bus at the 9th clock bit after receiving one
byte of data. If set, no acknowledge signal response. This is an active low control bit.

MC68HC05BD3 M-BUS SERIAL INTERFACE MOTOROLA
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7.3.4 M-Bus Status Register (MSR)

Address bit7  bité  bit5  bitd  bit3  bit2  bit1  bito oA
on reset
\soom\ MCF \MAAS\ MBB \ MAL \ \ SRW \ MIF \ RXAK \ 1000 0001

The MIF and MAL bits are software clearable; while the other bits are read only.

MCF - Data Transfer Complete

1(set) — A byte transfer has been completed.

0 (clear) — A byte is being transfer.
When MCF is set, the MIF (M-Bus interrupt) bit is also set. An M-Bus interrupt is generated if the
MIEN bit is set.
MAAS - Addressed as Slave

1(set) — Currently addressed as a slave.

0 (clear) — Not currently addressed.
This MAAS bit is set when its own specific address (M-Bus Address register) matches the calling
address. When MAAS is set, the MIF (M-Bus interrupt) bit is also set. An interrupt is generated if
the MIEN bit is set. Then CPU needs to check the SRW bit and set its MTX bit accordingly. Writing
to the M-Bus Control register clears this bit.
MBB - Bus Busy

1(set)y - M-Bus busy.

0 (clear) — M-Busidle.
This bit indicates the status of the bus. When a START signal is detected, MBB is set. When a
STOP signal is detected, it is cleared.
MAL - Arbitration Lost

1(set) — Lost arbitration in master mode.

0 (clear) — No arbitration lost.

This arbitration lost flag is set when the M-Bus master loses arbitration during a master
transmission mode. When MAL is set, the MIF (M-Bus interrupt) bit is also set. This bit must be
cleared by software.
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SRW - Slave R/W Select

1(set) - Read from slave, from calling master

0 (clear) — Write to slave from calling master.
When MAAS is set, the R/W command bit of the calling address sent from the master is latched
into this SRW bit. By checking this bit, the CPU can then select slave transmit/receive mode by
configuring MTX bit of the M-Bus Control register.
MIF - M-Bus Interrupt

1(sety - An M-Bus interrupt has occurred.

0 (clear) — An M-Bus interrupt has not occurred.

When this bit is set, an interrupt is generated to the CPU if MIEN is set. This bit is set when one
of the following events occurs:

1) Completion of one byte of data transfer. It is set at the falling edge of the 9th
clock - MCF set.

2) A match of the calling address with its own specific address in slave mode -
MAAS set.

3) Aloss of bus arbitration - MAL set.

This bit must be cleared by software in the interrupt routine.

RXAK - Receive Acknowledge
1(set) - No acknowledgment signal detected.
0 (clear) — Acknowledgment signal detected after 8 bits data transmitted.

If cleared, it indicates an acknowledge signal has been received after the completion of 8 bits data
transmission on the bus. If set, no acknowledge signal has been detected at the 9th clock. This is
an active low status flag.

7.3.5 M-Bus Data I/O Register (MDR)

State

Address  bit7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
on reset

\soms\ MD7 \ MD6 \ MD5 \ MD4 \ MD3 \ MD2 \ MD1 \ MDO \uuuuuuuu

In master transmit mode, data written into this register is sent to the bus automatically, with the
most significant bit out first. In master receive mode, reading of this register initiates receiving of
the next byte data. In slave mode, the same function applies after it has been addressed.
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Figure 7-4 Flowchart of M-Bus Interrupt Routine
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7.4 Programming Considerations

7.4.1 Initialization

Reset will put the M-Bus Control register to its default status. Before the interface can be used to
transfer serial data, the following initialization procedure must be carried out.

1) Update Frequency Divider Register (MFDR) to select an SCL frequency.
2) Update M-Bus Address Register (MADR) to define its own slave address.

3) Set MEN bit of M-Bus Control Register (MCR) to enable the M-Bus interface
system.

4) Modify the bits of M-Bus Control Register (MCR) to select Master/Slave
mode, Transmit/Receive mode, interrupt enable or not.

7.4.2 Generation of a START Signal and
the First Byte of Data Transfer

After completion of the initialization procedure, serial data can be transmitted by selecting the
master transmit mode. If the device is connected to a multi-master bus system, the state of the
M-Bus busy bit (MBB) must be tested to check if the serial bus is free. If the bus is free (MBB=0),
the START condition and the first byte (the slave address) can be sent. An example program which
generates the START signal and transmits the first data byte (slave address) is shown below:

SEl ;DI SABLE | NTERRUPT
CHFLAG BRSET 5, MSR, CHFLAG ; CHECK THE MBB BI T OF THE
; STATUS REGA STER IF IT IS
; SET, WAILT UNTIL IT IS CLEAR

TXSTART BSET 4, MCR . SET TRANSM T MODE
BSET 5, MCR . SET MASTER MODE
. i.e. GENERATE START CONDI TI ON
LDA  #CALLI NG . GET THE CALLI NG ADDRESS
STA MR . TRANSM T THE CALLI NG
;. ADDRESS
CLI . ENABLE | NTERRUPT
7.4.3 Software Responses after Transmission or

Reception of a Byte

Upon the completion of the transmission or reception of a data byte, the data transferring bit (MCF)
will be set, indicating one byte communication has been finished. The M-Bus interrupt bit (MIF)
will also be set to generate an M-Bus interrupt if the interrupt is enabled. Software must clear the
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MIF bit in the interrupt routine first. The MCF bit can be cleared by reading the M-Bus Data 1/0
Register (MDR) in receive mode or writing to the MDR in transmit mode. Software may serve the
M-Bus I/O in the main program by monitoring the MIF bit if the interrupt is disabled. The following
is an example of a software response by a master in transmit mode in the interrupt routine (see
Figure 7-4).

I SR BCLR 1, MSR ; CLEAR THE M F FLAG
BRCLR 5, MCR, SLAVE ; CHECK THE MSTA FLAG
; BRANCH | F SLAVE MODE
BRCLR 4, MCR, RECEI VE; CHECK THE MODE FLAG
; BRANCH | F | N RECElI VE MODE
BRSET 0, MSR, END ; CHECK ACK FROM RECEI VER
; | F NO ACK, END OF
; TRANSM SSI ON
TRANSM T LDA DATABUF ; GET THE NEXT BYTE OF DATA
STA MDR ; TRANSM T THE DATA

7.4.4 Generation of the STOP Signal

A data transfer ends with a STOP signal generated by the master device. A master in transmit
mode can simply generate a STOP signal after all the data have been transmitted. The following
is an example showing how a STOP condition is generated by a master in transmit mode.

MASTX BRSET 0, MSR, END ; I F NO ACK, BRANCH TO END
LDA TXCNT ; GET VALUE FROM THE
; TRANSM TTI NG COUNTER
BEQ END ; | F NO MORE DATA, BRANCH TO
; END
LDA DATABUF ; GET NEXT BYTE OF DATA
STA MDR ; TRANSM T THE DATA
DEC TXCNT ; DECREASE THE TXCNT
BRA EMASTX ;o EXIT
END BCLR 5, MCR ; GENERATE A STOP CONDI Tl ON
EMASTX RTI ; RETURN FROM | NTERRUPT

If a master receiver wants to terminate a data transfer, it must inform the slave transmitter by not
acknowledging the last byte of data. This can be achieved by setting the transmit acknowledge bit
(TXAK) before reading the 2nd last byte of data. Before reading the last byte of data, a STOP
signal must be generated first. The following is an example showing how a STOP signal is
generated by a master in receive mode.

MASR DEC RXCNT

BEQ ENVASR ; LAST BYTE TO BE READ
LDA RXCNT
DECA ; CHECK LAST 2ND BYTE TO BE READ
BNE NXMAR ; NOT LAST ONE OR LAST SECOND
MOTOROLA M-BUS SERIAL INTERFACE MC68HC05BD3
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LAMAR BSET 3, MCR ; LAST SECOND, DI SABLE ACK
;. TRANSM TTI NG

BRA NXMAR
ENVMASR BCLR 5, MCR ; LAST ONE, GENERATE ' STOP
7SI GNAL
NXVAR LDA MDR ; READ DATA AND STORE
STA RXBUF
RTI

7.4.5 Generation of a Repeated START Signal

At the end of data transfer, if the master still wants to communicate on the bus, it can generate
another START signal followed by another slave address without first generating a STOP signal.
A program example is as shown.

RESTART BCLR 5, MCR ; ANOTHER START (RESTART) IS
BSET 5, MCR ; GENERATED BY THESE TWO
; CONSECUTI VE | NSTRUCTI ONS
LDA #CALLI NG ; GET THE CALLI NG ADDRESS
STA MDR ; TRANSM T THE CALLI NG
;  ADDRESS

7.4.6 Slave Mode

In the slave service routine, the master addressed as slave bit (MAAS) should be tested to check
if a calling of its own address has been received (Figure 7-4). If MAAS is set, software should set
the transmit/receive mode select bit (MTX bit of MCR) according to the R/W command bit (SRW).
Writing to the MCR clears the MAAS automatically. A data transfer may then be initiated by writing
to MDR or a dummy read from MDR.

In the slave transmit routine, the received acknowledge bit (RXAK) must be tested before
transmitting the next byte of data. RXAK, if set indicates the end of data signal from the master
receiver, the slave transmitter must then switch from transmit mode to receive mode by software
and a dummy read must follow to release the SCL line so that the master can generate a STOP
signal.

7.4.7 Arbitration Lost

If more than one master want to acquire the bus simultaneously, only one master can win and the
others will lose arbitration. The losing device immediately switches to slave receive mode by
M-Bus hardware. Its data output to the SDA line is stopped, but internal transmit clock still runs
until the end of the data byte transmission. An interrupt occurs when this dummy byte transmission
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is accomplished with MAL=1 and MSTA=0. If one master attempts to start transmission while the
bus is being controlled by another master, the transmission will be inhibited; the MSTA bit will be
changed from 1 to 0 without generating STOP condition; an interrupt will be generated and the
MAL bit set to indicate that the attempt to acquire the bus has failed. Considering these cases, the
slave service routine should test the MAL bit first, and software should clear the MAL bit if it is set.
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38

SYNC SIGNAL PROCESSOR

The functions of the SSP include polarity correction, sync separation, sync pulse reshaper, sync
pulse detectors, horizontal line counter, vertical frequency counter, and free running signals
generator. In addition, interrupt can be generated for each vertical frame at a user specified
horizontal line number.

The processor accepts either composite or separate sync inputs.

For separate sync inputs, the HTTL and VTTL outputs are identical to the incoming horizontal sync
with negative sync polarity. As for composite sync input, reassembled horizontal sync pulses can
be inserted during the vertical sync period. The VTTL output is triggered by the leading edge of
the incoming vertical sync pulse, and the sync pulse will be widened by 9.5ps.

Both HSYNC and VSYNC inputs have internal filter to improve noise immunity. Any pulse that is
shorter than an internal bus clock period, will be regarded as a glitch, and will be ignored.

Note: All quoted timings in this section are based on the assumption that the internal bus
frequency is 2MHz, i.e. tcyc=0.5ps.

8.1 Functional Blocks

The architecture of the Sync Signal Processor is shown in Figure 8-1. Each of the functional
blocks are described in the following paragraphs.

8.1.1 Polarity Correction

The polarity correction block of the sync signal processor accepts the input sync signals

(HSYNC/VSYNC) and converts them to negative polarity signals, regardless of the polarity of the
inputs. The following describes the methodologies used in polarity correction.
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Figure 8-1 Sync Signal Processor Block Diagram

8.1.1.1  Separate Vertical Sync Input

To test the polarity of the input sync signal, the duration of the low pulse is examined. If the low
period is longer than a specific value (512us or 1024tcyc), as in the case of positive polarity input
sync, the input sync will be inverted before output. For negative polarity input sync signal, it is
anticipated that the duration of the low pulse would be shorter than the specific value, and the input
sync signal passes through to the output without inversion.

This polarity correction is a continuous process, and the error margin is equal to the maximum
permissible sync pulse width specified (512us or 1024tcyc). At power-up or system reset,
negative polarity at input is assumed.
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Figure 8-2 Sync Signal Polarity Correction

8.1.1.2  Separate Horizontal Or Composite Sync Input

Since the input at HSYNC can be either a pure horizontal sync signal or a composite sync signal,
different methodologies are used in polarity correction.

Unlike the polarity correction for VSYNC, both the high pulse and low pulse of the sync signal at
HSYNC are examined. If the pulse, either active high or low, is longer than a certain period (8us
or 16 tcyc), it will be regarded as a long pulse. If there are 8 consecutive low long pulses, the input
sync signal will be confirmed as a positive polarity sync signal, and will be inverted. If there are 8
consecutive high long pulses, it will be confirmed as a negative polarity sync signal.

The operation of this module is also continuous, and the error margin is equal to the period of the
pre-set number (default is 8) of horizontal sync pulses. At power-up or system reset, negative
polarity at input is assumed.

8.1.2 Sync Detection

The sync detector determines whether the incoming sync signal is active. Both sync high and low
pulse widths must be within the specific values to be regarded as active. HDET and VDET flags
will be set if the HSYNC and VSYNC signals are active, respectively.
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8.1.3 Free-running Pseudo Sync Signal Generator

If either HSYNC or VSYNC is absent, a free-running sync signal generator will be enabled. It
generates a pseudo vertical sync at 63.5Hz (1/(tcyc x 31488)) and a pseudo horizontal sync at
either 48.8KHz (1/(tcyc x 41)) or 62.5KHz (1/(tcyc x 32)), depending on the status of FOUT. This
set of free running sync signals replaces the inactive sync signals at the inputs and will be fed to
the VTTL and HTTL pins if the pins are selected for VTTL and HTTL function.

8.1.4 Sync Separation

Figure 8-3 is a block diagram of the Sync Separator which includes the duration counters for the
high and low pulses, a counter for the number of valid horizontal sync pulses, a register to hold
the number of horizontal lines per frame, a logic block for horizontal and vertical sync pulse
separation, a comparator, and a sync pulse insertion circuit.

HSYNC load
CLK (After polarity correction) "1/ Horizontal Sync Register
in
> Horizontal sync pulse counter out
A
reset count
A
> Low pulse duration counter > Comparator -

equal

I '

finish " Sync separation logic

> High pulse duration counter >

Sync insertion circuit

| |

Hsync Vsync

Figure 8-3 Sync Separator

The Low pulse duration counter examines the low pulse width of the incoming composite sync
signal. If it is within the horizontal sync pulse limit (8us or 16 tcyc), a horizontal sync pulse is
detected and the horizontal sync pulse counter is advanced. If the low pulse is wider than the limit,
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a vertical sync pulse is detected, and the content of the Horizontal sync pulse counter is loaded
into the Horizontal Sync Register before the Low Pulse Duration Counter is reset.

Comparator compares the values of the Horizontal Sync Pulse Counter and Horizontal Sync
Register, and gives the equal signal to the Sync Separation Logic.

High Pulse Duration Counter examines the high pulse width of the incoming composite sync
signal. If it is longer than a specific value (8us or 16 tcyc), the vertical sync pulse has finished and
finish signal will be given to the Sync Separation Logic.

Sync Separation Logic passes the composite sync signal to the Hsync output, until there is an
“equal” signal from the comparator. The Hsync output will then output a reassembled waveform
by the Sync Insertion Circuit to emulate the HSYNC pulses, and the Vsync output is set to low at
the coming falling edge of the composite signal. After the finish signal has been sensed, the Vsync
output is fixed to high, and the Hsync output follows the composite sync input again.

8.1.5 Vertical Sync Pulse Reshaper

For separate sync inputs, the vertical sync pulse width VTTL equals to the incoming vertical sync
input. For composite sync input, the Sync Pulse Reshaper widens the VTTL pulse width by 9.5us.

8.1.6 Sync Signal Counters

There are two counters (horizontal line counter and vertical frequency counter) to count the
number of horizontal sync pulses and the number of system clock cycles between two vertical
sync pulses. These two data can be read by the CPU to check the signal frequencies and can be
used to determine the video mode. Figure 8-4 shows a more detailed block diagram of these
counters. The 13-bit vertical frequency register encompasses vertical frequency range from
approximately 15Hz to 125KHz. Figure 8-5 shows the vertical frequency counter timing. It
indicates that there will be £1 count error on the reading from the register for the same vertical
frequency.

8.2 VSYNC Interrupt

The Sync Signal Processor will generate interrupts to the CPU if the VSYNC Interrupt Enable
(VSIE) bit is set, and the I-bit in the Condition Code Register (CCR) is cleared. The interrupt will
occur at each leading edge of VSYNC.

The interrupt vector address is at $3FF8-$3FF9, and the interrupt latch is cleared automatically
by fetching of the interrupt vectors.
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Figure 8-4 Sync Signal Counters Block Diagram

VSYNIN _I—li ------- I—I

-

Counter resets at 4 PH2 cycles
Counter signal reset || after falling edge of VSYNIN ||

PH2+16 — | [ | [ 1 [ 1 [~~~ "~~~ °°
casel [ | || L L_1_________._
PH2+16 [ | [ | | [T~~~ ~~~"~""°°
case2 | | | [ | L1 L-________

Counter advances at the
rising edge of the clock

1. The value of the counter will be loaded into the register before it is reset.

2. The Vertical Frequency Counter is clocked by a PH2 +16 clock.

3. Because of the asynchronous nature between PH2 and VSYNIN, the register
will have one more count in case 2 than in case 1.

Figure 8-5 Vertical Frequency Counter Timing
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