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PREFACE

This document describes the MC6805S2, MC6805S3, and MC68705S3 Microcomputer Unit (MCU)
devices which are part of the M6805 Family of MCU devices. This preface provides a brief overview
of the three devices. In addition to the overview descriptions, a quick comparison summary of the
overall block diagrams, and memory map diagrams unique to the individual MCU device are provided
on foldout sheets located at the rear of this document.

The organization of this document is such that the MC680552 MCU device is described throughout
Séctions 1 through 10. Information common to all three devices are also contained in these sections.
THe appendices contain unique/specific information applicable to the MC6805S3 MCU and
MC68705S3 EPROM MCU devices.

DEVICE DESCRIPTIONS

The MC6805S3 MCU device is available for users who require the features of the MC6805S2, but
rieed additional ROM, RAM, and timer. The MC6805S3 device is similar to the MC6805S2 device
with several exceptions. These exceptions include 3720 user ROM bytes (3712 user bytes and eight
inferrupt vector bytes), 104 RAM bytes, and an additional timer. Information throughout this
dricument pertaining to the MC6805S2 MCU is also applicable to the MC6805S3 MCU. Difference
irformation applicable to the MC6805S3 MCU is provided in Appendix A of this document.

The MC68705S3 EPROM MCU device is an erasable programmable read-only memory (EPROM)
U&rsion of the MC6806S2/MC6805S3 MCU devices and is used to emulate either of these devices
iirlow volume applications. The MC68705S3 device is similar to the MC6805S2 device with several
exceptions. These exceptions include 3752 user EPROM bytes (3744 user bytes and eight interrupt
vector bytes), 104 RAM bytes, 216 bytes of bootstrap ROM firmware for EPROM programming,
and an additional timer circuitry. Information throughout this document pertaining to the MC6805S2
NICU is also applicable to the MC68705S3 EPROM MCU. Difference information applicable to the
MC68705S3 EPROM MCU is provided in Appendix B of this document. Emulation information is
provided in Appendix C of this document.

For More Information On This Product,
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OVERALL SUMMARY OF DEVICES

The following paragraphs provide an overall summary of the unique features (differences) between
the MC680552, MC6805S3, and MC68705S3 devices. These features vary slightly between devices
and are as follows:

FEATURES MC6805S2 MC6805S3 MC68705S3
(EP)ROM bytes 1480 3720 3752
RAM bytes 64 : 104 104
Standby RAM bytes 16* 16* 16
Timers 3 4 4

* Denotes standby RAM mask option.

The above differences are shown in the block and memory map summary (comparison) diagrams
which are located on foldout pages at the end of this document. All three MCU devices are 28-
pin devices with similar pin assignments. The only pin assignment exception pertains to the
MC68705S3 RESET/Vpp pin (pin 23) which is used for both resetting and inputting the Vpp
programming voltage. The corresponding pin on the other two devices is used strictly for resetting
purposes.

The electrical characteristics of the RESET/Vpp (pin 23) and VSTBY/AN4/INT2/PD6 (pin 4) pins
of the MC68705S3 are different than those of the MC6805S2/MC6805S3. Users should refer to
the emulation limitations described in Appendix C for a detailed explanation of the electrical
characteristic differences before emulating either MC6805S2 or MC6805S3 devices with the
MC68705S3 device.
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SECTION 1
INTRODUCTION

This document describes the MC6805S2, MC6805S3, and MC68705S3 Microcomputer Unit (MCU)
devices which are part of the M6805 Family of 8-bit MCU devices. The organization of this document
is such that the MC6805S2 MCU device is described throughout sections 1 through 10. Information
common to all three devices are also contained in these sections. The appendices contain unique/
specific information applicable to the MC6805S3 MCU and MC68705S3 EPROM MCU devices.

1.1 GENERAL

Thel MCB805S2 MCU device (shown in Figure 1-1) contains a CPU, on-chip clock, ROM, RAM,
1/0. 4-channel 8-bit analog-to-digital (A/D) converter, three timers, two programmable prescalers,
ard-a serial peripheral interface. It is designed for the user who needs an economical microcomputer
with-the proven capabilities of the M6800-based instruction set.

The MC6805S3 MCU device is available for users who require the features of the MC6805S2, but
need additional ROM, RAM, and timer. The MC6805S3 device is similar to the MC6805S2 device
wiiih several exceptions. These exceptions include 3720 user ROM bytes (3712 user bytes and eight
interrupt vector bytes), 104 RAM bytes, and an additional timer. Information throughout this
document pertaining to the MC6805S2 MCU is also applicable to the MC6805S3 MCU. Difference
information applicable to the MC8805S3 MCU is provided in Appendix A of this document.

Tlie) MCB8705S3 EPROM MCU device is an erasable programmable read-only memory (EPROM)
version of the MCB805S2/MC6805S3 MCU devices and is used to emulate either of these devices
in’lew volume applications. The MC68705S3 device is similar to the MC6805S2 device with several
exceptions. These exceptions include 3752 user EPROM bytes (3744 user bytes and eight interrupt
vecior bytes), 104 RAM bytes, 216 bytes of bootstrap ROM firmware for EPROM programming,
and/an additional timer circuitry. Information throughout this document pertaining to the MC6805S2
MEU is also applicable to the MC68705S3 EPROM MCU. Difference information applicable to the
Mi58705S3 EPROM MCU is provided in Appendix B of this document. Emulation information is
pravided in Appendix C of this document.

1-1
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Figure 1-1. MC6805S2 Microcomputer Block Diagram
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1.2 HARDWARE FEATURES

The following are some of the hardware features of the MC6805S2 MCU. _

® A/D Converter
8-Bit Conversion, Monotonic
Four Multiplexed Analog Inputs
Ratiometric Conversion

® 21 TTL Including Eight TTL/CMOS Compatible 1/0O Lines
14 Bidirectional (Four Lines are LED Compatible)
7 Input-Only

® 1480 Bytes of User ROM

® 64 Bytes of RAM

® Self-Check Mode

® Serial Peripheral Interface (SP!)

® Zero-Crossing Detect/Interrupt

® One 8-Bit and One 16-Bit Timer

0 One 7-Bit and One 15-Bit Software Programmable Prescaler

O Three Bidirectional 1/0 Lines with TTL or Open-Drain interface (Software Programmable)

@ Auxiliary Counter with “Watchdog” Reset Feature

9 5-Volt Single Supply

1¢5) SOFTWARE FEATURES

Tne following are some of the software features of the MC6805S2 MCU.
@ 10 Powerful Addressing Modes
@ Byte Efficient Instruction Set with True Bit Manipulation, Bit Test, and Branch Instructions
% Single Instruction Memory Examine/Change
® Powerful Indexed Addressing for Tables
@ Full Set of Conditional Branches
® Memory Usable as Register/Flags
® User Callable Self-Check Subroutines
® Complete Development System Support on EXORciser, EXORset, and HDS-200 Available
Now

1{4) USER SELECTABLE OPTIONS

Tiie following are user selectable options of the MC8805S2 MCU.
¥ Eight Bidirectional 1/0 Lines with TTL or TTL/CMOS Interface Option
© Crystal or Low-Cost Resistor Oscillator Option
® Low Voltage Inhibit Option
® Vectored Interrupts: Timer/SPI, Software, and External
9 16-Bytes Standby RAM Option
@ Fifth A/D Channel Option

EXORciser® is a registered trademark of Motorola Inc.
EXORset and HDS-200 are trademarks of Motorola Inc.

1-3/1-4
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SECTION 2
SIGNAL DESCRIPTION, MEMORY, CPU, AND REGISTERS

This section provides a description of the signals, memory spaces, the central processing unit
(CPU), and the various registers.

2.1 SIGNAL DESCRIPTION

The following paragraphs provide a brief description of the signals and a reference (if applicable) to
other paragraphs that contain more detail about the function being performed.

21,01 Vge and Vss

Power is supplied to the MCU using these two pins. VcC is power and VSS is the ground
connection.

2(1.2 INT1 and INT2

These pins provide the capability for asynchronously applying an external interrupt to the MCU.
Reter to 5.4 INTERRUPTS for additional information.

2.7:3 XTAL and EXTAL

These pins provide control input for the on-chip clock oscillator circuit. A crystal, a resistor, or an
external signal, depending on the user selected manufacturing mask option, can be connected to
these pins to provide a system clock source with various stability/ cost tradeoffs. Lead length and
stray capacitance on these two pins should be minimized. Refer to 5.3 INTERNAL CLOCK
GENERATOR OPTIONS for recommendations about these inputs.

2.1.4 PRESCALER1/PCO and PRESCALER2/PC1

Thigse pins allow an external input to be used to decrement the internal timer circuitry. Refer to
SECTION 3 TIMERS for additional information about the timer circuitry.

2.1l5 RESET

This pin allows resetting of the MCU at times other than the automatic resetting capability already in
the-MCU. The MCU can be reset by pulling RESET low. Refer to 5.2 RESETS for additional infor-
mation.
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2.1.6 Input/Output Lines (PA0-PA7, PBO-PB3, PC0-PC1, and PDO-PDE)

Ports A, B, and C are programmable as either inputs or outputs under software control of the data
direction registers (DDRs). Port D has up to four analog inputs or five via mask option, plus two
voltage reference inputs when the analog-to-digital (A/D) converter is used (PD5/VRH, PD4/VRL,
and an INTZ2 input). If any analog input is used, then the voltage reference pins (PD5/VRH,
PD4/VRL) must be used in the analog mode. Refer to 6.1 INPUT/OUTPUT, 6.6 ANALOG-TO-
DIGITAL CONVERTER (A/D), and 5.4 INTERRUPTS for additional information. Port D can also be
used as a 7-bit digital input-only port.

2.1.7 NUM (Non User Mode)
This pin is reserved for factory use only, and should be tied to Vs (GND/ground).

2.2. MEMORY

As shown in Figure 2-1, the MCU is capable of addressing 4096 bytes of memory and 1/ O registers
with its program counter. The MC8805S2 MCU has implemented 1802 of these locations. This con-
sists of: 1480 bytes of user ROM including eight interrupt vectors, 248 bytes of self-check ROM, 64
bytes of user RAM, seven bytes of port I/0, five timer registers, two A/D registers, a miscellaneous
register, and two serial peripheral interface (SPI) registers. The user ROM has been split into three
areas. The first area is memory locations $080 to $OFF, and allows the user to access these ROM
locations utilizing the direct and table look-up indexed addressing modes. The main user ROM area
is from $9CO to $EFF. The last eight user ROM locations at the top of memory are for the interrupt
vectors.

The MCU reserves the first 18 memory locations for 1/O features, of which 17 have been imple-
mented. These locations are used for the ports, the port DDRs, the timers, the miscellaneous
register, the SPI, and the A/D. Of the 64 RAM bytes, 31 are shared with the stack area, from $061
through $07F. The stack must be used with care when data shares the stack area. The lower 16
bytes of RAM, between $40 and $4F, may be powered through the INT2/PD6 pin via a user-defined
mask option. Selection of this option does not exclude any of the available functions of the '
[NT2/PD6 input.

The shared stack area is used during the processing of an interrupt or subroutine calls to save the
contents of the CPU state. The register contents are pushed onto the stack in the order shown in
Figure 2-2. Since the stack pointer decrements during pushes, the low order byte (PCL) of the pro-
gram counter is stacked first; then the high order four bits (PCH) are stacked. This ensures that the
program counter is loaded correctly during pulls from the stack, since the stack pointer increments
when it pulls data from the stack. A subroutine call results in only the program counter (PCL, PCH)
contents being pushed onto the stack; the remaining CPU registers are not pushed.

2.3 CENTRAL PROCESSING UNIT

The CPU of the M6805 Family is implemented independently from the I/ O or memory configuration.
Consequently, it can be treated as an independent central processor communicating with 1/0 and
memory via internal address, data, and control buses.

2-2
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000

127
128

255
256

2495
2496

VROM]

|<— - Inteirupt Vectors
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Timers, RAM
(128 Bytes)

170, A/D, SPI,

Page 0 ROM
(128 Bytes)

Not Used
~ (2240 Bytes)

))
<

Main ROM

T (1344 Bytes)

Self-Check
ROM
(248 Bytes)

SPI, INT2

Timers (A, B),

External INT1

SWi

Reset

$000

$07F

[ADDRESS] 7 65 4 32 1 [ADDRESS]
Port A $000
Port B $001
Port C $002
Port D $003
Port A DDR* $004
Port B DCR* $003
Port C DDR* $006
Not Used $007
Timer A $008
Timer A Cont. Reg.| $009
Misc. Register $00A
Timer B MSB $00B8
Timer B LSB $00C
Timer B Cont. Reg.| $00D
A/D Control $O00E
A/D Result SOOF
SPI Data $010
SPI Control $011
$012
Not Used
(46 Bytes)
$O3F 7 6 54321
$040 Standby RAM* *
aAM (16 Bytes)
(64 Bytes) %’1579’3322’;
$O7F

$FFE
$FFF

* Registers are write only and read as $FF.

** Mask option.

Figure 2-1. MC6805S2 Memory Map

2-3

Shared Stack RAM
(31 Bytes)

$040
SO4F
$050
$060
$061

$O7F
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7 6 5 4 3 2 10 Pull
A Condition
n-4f 111 Code Register [N+
n-3 Accumulator n+2
n-2 Index Register n+3
n-1 111 PCH* n+4
n PCL* n+5 v

Push
*For subroutine calls, only PCH and PCL are stacked.

Figure 2-2. Interrupt Stacking Order

2.4 REGISTERS

The M6805 Family CPU has five registers available to the programmer. They are shown in Figure 2-3
and are explained in the following paragraphs.

7 o]

L A j Accumulator

7 0

] X ] Index Register
1" 87 0
[ PCH 2 PCL ] Program Counter
1 54 0
[ofofofofof1[1] sP | stack Pointer

I H | ! | N I Z | Cl Condition Code Register
l7—Carry/ Borrow

Zero

Negative

Interrupt Mask

Half Carry

Figure 2-3. Programming Model

2.4.1 Accumulator (A)

The accumulator is a general purpose 8-bit register used to hold operands and results of arithmetic
calculations or data manipulations.

2-4
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2.4.2 Index Register (X)

The index register is an 8-bit register used for the indexed addressing mode. It contains an 8-bit
value that may be added to an instruction value to create an effective address. The index register
can also be used for data manipulations using the read-modify-write instructions and as a temporary
storage area.

2.4.3 Program Counter (PC)

The program counter is a 12-bit register that contains the address of the next instruction to be
executed.

2.4.4 Stack Pointer (SP)

The stack pointer is a 12-bit register that contains the address of the next free location on the
stack. During an MCU reset or the reset stack pointer (RSP) instruction, the stack pointer is set to
location $07F. The stack pointer is then decremented as data is pushed onto the stack and in-
cremented as data is pulled from the stack. The seven most significant bits of the stack pointer are
permanently configured to 0000011. Subroutines and interrupts may be nested down to location
$067 (31 bytes maximum) which allows the programmer to use up to 15 levels of subroutine calls
(less if interrupts are allowed).

2.4.5 Condition Code Register (CC)

Ttie)condition code register is a 5-bit register in which four bits are used to indicate the results of the
instuction just executed. These bits can be individually tested by a program and specific action
taken as a result of their state. Each bit is expiained in the foliowing paragraphs. For more informa-
tion) concerning the condition code register refer to the M6805 HMOS/M146805 CMOS Family
Users Manual.

2.4.5.1 HALF CARRY (H) — Setduring ADD and ADC operations to indicate that a carry occurred
beffdre bits 3 and 4.

2.45.2 INTERRUPT (l) — When set, this bit masks (disables) the timer (both A and B), external
(INTT and INT2), and the serial peripheral interface interrupts. If an interrupt occurs while this bit is
s¢ét))the interrupt is latched and is processed as soon as the interrupt bit is cleared.

2.4.5.3 NEGATIVE (N) — When set, this bit indicates that the result of the last arithmetic, logical,
or(tiata manipulation was negative (bit 7 in the result is a logic one).

2.4/%.4 ZERO (Z) — When set, this bit indicates that the result of the last arithmetic, logic, or data
manipulation was zero.

2.4.5.5 CARRY/BORROW (C) — When set, this bit indicates that a carry or borrow out of the
aritiimetic logic unit (ALU) occurred during the last arithmetic operation. This bit is also affected
during bit test and branch instructions plus shifts and rotates.
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SECTION 3
TIMERS

The MC6805S2 has three timers and two programmable prescalers (see Figure 3-1) which are
described in this section.

Select
TACR2,1,0

< internal Data Bus >

Select
TACR4,5 Reset [ Modulus Latch |
) MR3
PRESCALER1/
PCO
Overflow
—-[ Timer A l——-
Internal Select by $008
Clock MR1 Int. I > ToMCU
Request
Selected by MRO
- Port B1 Toggle
Port BO Toggle
7 $00B g7 $00C ¢
T
Timer B 1 Timer B Int.
—o +—>» To MCU
MSB : LSB Overfiow | hequest
Select Write LSB Read LSB
TBCR4,5 Reset 7 0
PRESCALER2/ MR2 Read/Write LSB
@y Pipeline Latch
PCl1
Write MSB Read MSB

<‘L Internal Data Bus >

Internal
Clock

Figure 3-1. Timer A and B Block Diagram
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3.1 TIMER A

Timer A is an 8-bit programmable down counter, which may be loaded under program control (see
Figures 3-2 and 3-3). Included in this timer is @ modulus latch which allows the timer to be “"auto
reloaded.” Address $08 is the location of TIMER A's data register. Upon every clock input received,
timer A decrements toward $00. Upon reaching this value, bit 7 in the timer A control register
(TACR located at $09) is set, signifying a timer interrupt has been generated. At the same time, the
timer is reloaded with the contents of the modulus latch. in addition to setting the interrupt bit, the
transition to state $00 also generates an overflow condition which can be used to toggle bit 0 or bit 1
of port B directly, under the control of the miscellaneous register bit 0 (MRQ), the serial peripheral
interface control register, and the port B data direction register. The bit selected depends upon the
state of bit O of the miscellaneous register. The timer interrupt may be masked by setting bit 6 of the
TACR. Of course, the | bit in the condition code register will also prevent a timer interrupt from be-
ing processed. The timer interrupt vector locations are $FF8 and $FF9. The timer interrupt request
bit MUST be cleared by software.

7 $008 0
Overfiow < Timer A (———{ gz:g;f;
/ ] I
7 0
Modulus Latch

£ Internal Data Bus >

Figure 3-2. Timer A

[Tacr? [ Tacre [ TACRs [ TACRa | TACR3 | TACR2 [ TACRT [ TACRO | 5009

TACR7 = Timer A Interrupt Request Flag
TACR6=Timer A Interrupt Request Mask
TACRS5= External/internal

TACR4 = External Enable

TACR3= Timer A Load Mode Control

TACR2

TACR]} Prescaler 1 Divide Ratio Select

TACRO

TACR5 | TACR4 Prescaler 1 Clock

o] 0 Internal Clock
0 1 AND of Internal ClockePCO
1 0 Clock Disabled
1 1 PCO Positive Transition

Figure 3-3. Timer A Control Register
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There are three ways of loading data from the modulus latch into timer A as described in the follow-
ing paragraphs (refer to Figure 3-4).

3.1.1 Direct Loading

When the MCU writes to the timer A data register, the data is latched by the moduius latch, and
forced into the timer. For this operation, TACR bit 3 must be clear.

3.1.2 Asynchronous External Event Loading “
When TACR bit 3 is a logic one, the contents of the modulus latch are transferred to the timer at the

rising edge of the INT2 interrupt request bit (MR7) gated with interrupt request mask bit (MR6).

NOTE

If this feature is used, then care must be taken in programming as it will start an interrupt
service routine if the | bit in condition code register (CC) is clear.

Loading $00 to timer A allows a countdown of 256 clocks before next $00 state is
reached.

3.i-3 Auto-Loading

Auto-loading of the modulus latch occurs whenever the timer reaches the $00 state. This mode is
intiependent of the status of bit 3 in TACR.

NOTE
Loading modes 1 and 2 are mutually exclusive, and auto-loading occurs in both modes 1
and 2.

Timer A may be read at any time without disturbing the countdown mechanism of the timer. At
resat, both the timer and modulus latch contents are set to $FF.

NOTE

Loading $01 to timer A should be avoided when operating with a divide-by-one prescaler.
Doing so will inhibit timer A auto-loading, interrupt generation, and port B toggle
mechanisms.

3.2 TIMER A CONTROL REGISTER

Timer A control register (TACR) occupies memory location $09 (see Figure 3-3). Five bits are
alidrated to timer A and three bits are used to control prescaler 1.

3-3
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Timer A

FF

cc

AA

RESET

Timer A
Underflow )
1
[TACR3] I
|
|
[MR7]*[MR6] T3 | | |
Interrupt ] I
MCU Write CC—[08] AA—[08]
®  Direct Load TACR3 | Load Mechanism
Auto Load 0 A+B
© Asynchronous External Event Load 1 B+C

Figure 3-4. Timer A Operation
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TACR7 Timer A Interrupt Request Flag
Set at the transition of timer A to $00 state. Cleared by software or at reset.

TACR6 Timer A Interrupt Reguest Mask
Set at reset or under program control. When set, timer A interrupt requests to the pro-
cessor are inhibited. Cleared under program control.

TACR5  External or Internal Bit

be the PRESCALER1/PCO input, otherwise the internal clock (fosc divided by four) is

Set under program control. When set, selects the input clock source for prescaler 1 to -
3

the input clock source. Cleared at reset or under program control.

TACR4 External Enable Bit
Control bit used to enable the external timer pin (PRESCALER1/PCO).

TACR5 TACR4 Prescaler 1 Clock Source
0 0 Internal Clock
0 1 AND of Internal Clock and PRESCALER1/PCO"
1 0 Inputs Disabled
1 1 PRESCALER1/PC0O* Low-to-High Transition

TACR3 Timer A Load Mode Control
Set under program control. When set, allows asynchronous external event loading of
timer A (INT2 driven loading is enabled). Cleared under program control or at reset.
When clear, allows direct loading of timer A. Auto-loading takes place independent of
TACRS status. Cleared by reset or by program control.

TACR2] Prescaler 1 Division Ratio Control Bits
TACR1¢ Set or cleared under program control, also cleared at reset. When set, these bits select
TACRO) one of the eight possible outputs on prescaler 1.

Prescaler 1
TACR2 TACR1 TACRO Division Ratio
0 0 0 1
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128

333 TIMER B

Timer B is a 16-bit timer which is accessed via two registers at $0B for the most-significant byte
([¥¥SB) and $0C for the least-significant byte (LSB) (refer to Figure 3-5). Included within the MSB of
dmer B is a “pipeling”’ latch, which allows a “snap shot’’ value of the entire 16 bits to be read.

*The status of PRESCALER1/PCO depends upon the data direction status of PRESCALER1/PCO. If PRESCALER1/PCO is an output,
then the clock source is equal to the port data register content, independent of the port electrical loading. If an input, then the clock
source is the logic level of PRESCALER1/PCO.

3-5
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7 $008 07 $00C
Overﬂow Sel
Timer 8 MSB Timer B LSB ](——{ elected

Prescaler
Pipeline
o {

MCU Write LSB $0C:

'> MCU Data Bus

MCU—* [Timer B LSB]
[P Latch W} —[Timer B MSB]

MCU Write MSB $0B: ~ MCU —[P. Latch W}

[Timer B LSB]—MCU

MCU Read LSB $0C: {[Timer B MSB] ~[P. Latch R]

MCU Read MSB $08: [P. Latch R]—=MCU

Figure 3-5. Timer B

Read/write operations to the LSB are direct. Reading the LSB can occur at any time without dis-
turbing the count. At the time of the LSB read, the contents of the MSB are loaded into the pipeline
latch, so when the MPU reads the MSB, it actually reads the latch.

Writing to the LSB of timer B may occur at any time, and the contents are immediately entered into
the timer. At the same time the contents of the pipeline latch are forced into the MSB of the timer.
Hence, a 16-bit word may be placed into the entire timer data register during a LSB write operation.

In order to manipulate a 16-bit word in timer B during a read, it is recommended that a read of the
LSB be done first, then the MSB. A 16-bit write should be done in the opposite order. (First, write
the MSB and then the LSB.) After reset, timer B contains $FFFF.

Like timer A, timer B decrements toward zero upon every clock input received and during the transi-
tion to state $00 TBCRY7 in the timer B control register is set (TBCR is located at $0D).

The timer interrupt can be masked by setting the timer interrupt mask bit (TBCR6) (Figure 3-6). The
I bit in the condition code register will also prevent a timer interrupt from being processed. The
MCU responds to a timer interrupt by saving the current MCU state in the stack, fetching the vector
from $FF8 and $FF9, and executing the interrupt routine. The timer interrupt routine bit MUST be
cleared by software.

| TBCR7 | TBCR6 | TBCR5 [ TBCR4 | TCBR3 | TBCR2 | TBCR1 | TBCRO| $00D

TBCR7=Timer B Interrupt Request Flag
TBCR6 = Timer B Interrupt Request Mask TBCRS TBCR4 Prescaler 2 Clock
TBCR5= External/Internal "
o} 0 Internal
TBCR4=External Enable 0 1 AND of Internai ClockePRESCALER2/
TBCR3 3
TBCR2 . cl
TBCR1 Prescaler 2 Divide Ratio Select 1 0 Clock Disabled
TBCRO 1 1 PRESCALER2/PC1 Positive Transition

Figure 3-6. Timer B Control Register
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The transition to $00 generates an underflow pulse which may be used to force a port B data
register toggle under the control of the miscellaneous register bit 3 (MR3), the SPI control register,
and the port B data direction register. (See 6.5 MISCELLANEOUS REGISTER and 4.3 SERIAL
PERIPHERAL INTERFACE CONTROL AND STATUS REGISTER.)

3.4 TIMER B CONTROL AND STATUS REGISTER

Timer B control and status register (TBCR) occupies memory location $0D (see Figure 3-6). Four
bits are allocated to.timer B and four bits are used to control prescaler 2.

TBCR7 Timer B Interrupt Request Flag
Set at the transition of timer B to $00. Cleared by software or at reset.

TBCR6 Timer B Interrupt Request Mask
Set at reset or under program control. When set, inhibits timer B interrupt requests to the
processor. Cleared under program control.

TBCR5 External or Internal Bit
Set under program control. When set, selects the input clock source for prescaler 2 to
be the PRESCALER2/PC1 input, otherwise the internal clock (fosc divided by four) is
the input clock source. Cleared at reset or under program control.

TRCR4 External Enable Bit
Set under program control or at reset. When set, this bit enables the external timer pin
(PRESCALER2/PC1). Cleared under program control.

TBCR5 TBCR4 Prescaler 2 Clock Source

0 0 Internal Clock

0 1 AND of Internal Clock and PRESCALER2/PC1*
1 0 Inputs Disabled

1 1 PRESCALER2/PC1* Low-to-High Transition

TBCR3{ Prescaler 2 Division Ratio Control Bits

T2CR2| Set or cleared under program control. When set, these bits select one of the 16 possible
TBCR1] outputs on prescaler 2. All bits are cleared at reset.

TECRO

*PRESCALER2/PC1 status depends on the data direction status of PRESCALER2/PC!. If PRESCALER2/PC1 is an output, then the
clock source is equal to the port data register content, independent of the port electrical loading. If an input then the clock source is
the logic level on PRESCALER2/PC1.
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TBCR3 TBCR2 TBCR1 TBCRO Division Ratio

0 0 0 0 1
0 0 0 1 2
0 0 1 0 4
0 0 1 1 8
0 1 0 0 16
0 1 0 1 32
0 1 1 0 64
0 1 1 1 128
1 0 0 0 256
1 0 0 1 512
1 0 1 0 1024
1 0 1 1 2048
1 1 0 0 4096
1 1 0 1 8192
1 1 1 0 16384
1 1 1 1 32768

3.5 PRESCALER 1

Prescaler 1 is a 7-bit binary down counter whose value is selected by TACR2, TACR1, and TACRO.
The selected output is used as the clock input to either timer A or timer B, depending upon the
status of the prescaler cross-couple bit (MR1). The type of clock source to prescaler 1 may be
selected by TACRS and TACR4 (see 3.1 TIMER A).

Prescaler 1 is set to $7F at reset or under program control when a one is written to prescaler 1 clear
bit (MR3).

NOTE
When changing outputs on the prescaler, a prescaler ciear should be done first to avoid
truncation errors.

3.6 PRESCALER 2

Prescaler 2 is a 15-bit down counter whose value is selected by TBCR3, TBCR2, TBCR1, and
TBCRO. The selected output is used as the clock input to either timer A or timer B, depending upon
the status of MR1. The type of clock source to prescaler 2 can be selected by TBCR5 and TBCR4
(see 3.3 TIMER B).

Prescaler 2 is preset to $7FFF at reset, under program control when a fogic one is written to
prescaler 2 clear bit (MR2).

NOTE
When changing outputs on the prescaler, a prescaler clear should be done first to avoid
truncation errors.

3.7 AUXILIARY COUNTER

The third timer register in the MC6805S2 is the auxiliary counter, or ““watchdog’ timer. It is a fixed
counter which is clocked by the internal clock (fosc divided by four). The total count period is 4095

3-8
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cycles. The MCU communicates with this counter via the miscellaneous register bits 5 and 4 (MR5,
MR4). Upon underflow, the auxiliary counter control/status bit in the miscellaneous register (MR5) is
set. Countdown may be aborted at any time under program control, which also will reset the
counter to 4095. To do this, the MCU must write to MR5 the inverse of what is read from MR5.

At reset, the counter is preset to its maximum count of 4095, and MR5 is cleared. The value of the
counter is not accessible to the MCU; however, the possibility of detecting an underflow and
presetting it at any time under program control allows it to be used as a fixed rate polled timer in ap-
plications requiring lengthy time out periods.

When the auxiliary counter reset mask bit in the miscellaneous register (MR4) is clear and the MR5
is set as a result of counter time out, the reset pin is internally pulled to ground (Vss). This feature
is useful in many applications, e.g., automotive, where the MCU operates in a noisy environment.
Due to high energy spikes on the power supply and I/ O lines, the MCU may lose control of the pro-
gram and execute through non-valid memory space. The ““watchdog’’ timer will bring the MCU
back to reset. MR4 is automatically set at reset or under program control.

To return from a catastropic system runaway, the reset line is pulsed, which will restart the entire
program. This program should regularly preset the auxiliary counter at a rate higher than the
ceunter time out so as not to aliow a forced reset. If program runaway does occur, it is likely that
reatilar presetting of the auxiliary counter will not take place, and an underflow will force the MCU
to regain control. (See Figure 3-7.)

39
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@ Counter Preset by Writing 1"
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Underflow MR5 — 1 Forced Reset

Figure 3-7. Auxiliary Counter Operation
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SECTION 4
SERIAL PERIPHERAL INTERFACE (SPI)

This section describes the operation of the serial peripheral interface (SPI) on the MC6805S2.

4.1 INTRODUCTION n

The serial peripheral interface (SPI) on the MC6805S2 has several versatile operating modes. Ar-
bitration on data and clock lines is provided. The SPI communicates with the MCU via data and
control registers located at memory addresses $10 and $11, respectively. Operation of the SPI oc-
curs via port B (see Figure 4-1).

The SPI consists of:
an 8-bit shift register (MSB out first; MSB in first) which may also be used as an SPI data
register,
a divide-by-eight counter,

¢) slave select/arbitration logic,

d) an SPI control register, and

<) start and stop bit detection capability.
riike the 1/0 port operation, the SPI data and clock inputs are always taken from their respective
1//2 port pins, regardiess of the status of the data direction register relative to that port. This makes
it.2asy to do data and clock arbitration.

a

—

1
M

Sciial peripheral interface operation is enabled when the SPI enable bit (SPICR4) is set. When
niabled, the SPI is capable of operating in the following modes:

2) one wire — auto clocked (e.g., NRZ),

B) two wire — half duplex,

¢) two wire — half duplex with clock arbitration,

d) three wire — half duplex with slave select/busy line,
¢) three wire — full duplex,

£ three wire — full duplex with clock arbitration, and
g) four wire — full duplex with slave select/busy line.

4.2 SPI TERMINOLOGY

The following explanations are provided to facilitate user understanding of the various operating
modes of the serial peripheral interface (see Table 4-1).
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Figure 4-1. Serial Peripheral Interface (SPI)
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Table 4-1. SPI Operation

DEFINTIONS
Transmitter — Data Master: DDRB2 or 3=1
Receiver — Data Slave: DDRB2 or 3=0
Clock Master: DDRB1=1
Clock Slave: DDRB1=0
Transaction Mode: SPICR4=1
1) Active: SPICR7¢(DDRB0*PB0+ DDRBO) if DDRB1=0 (clock slave mode) or
SPICR7¢(DDRBOePBO+ DDRBO) if DDRB1=1 (clock master mode}
Clock puilses allowed, data shifted
2) Idle: SPICR7+ DDRBOePBO if DDRB1=0 (clock slave mode)
Clock pulses blocked, data output line in high-impedance state
Deselect Mode: SPICR4=0- No SP! Operations

SLAVE SELECT INPUT
Slave Select Input: SPISS — PBO
If DDRBO=0 then no SPISS action on MCU
1) Master Mode: SPISS=1 DDRB1=1
SPISS 1 — 0: Switch to Slave Mode (DDRB1 1-0)
Set SPICR1 (Mode Fault Flag)
2) Slave Mode: SPISS=0 DDRB1=0
External clock is allowed to shift data in/out. If SPISS is pulled high, the external clock input pulses are
inhibited; no data shift; divide-by-eight counter cleared; SPID (PB2 or PB3) switched to high-
impedance state.
Used as Chip-Select Input

DATA ARBITRATION
Data master loses data mastership when data collision occurs during internal data strobe time.

If SPID output port (PB2 or PB3)=1 while actual pin level is pulled low externally — conflict detected at internal
data strobe time.

Then SPICR1 (mode fault flag) is set; SPID output port DDR (B2 or B3} 1—=0 {high-impedance state).

CLOCK ARBITRATION
MCU has clock mastership (DDRB1=1)
1) Via SPISS line (DDRBO=0). If SPISS is pulled low, then clock mastership lost; DDRB1 1—=0 (high-
impedance state); SPICR1 is set (mode fault flag).
2) Via clock line SPICL (DDRB1=1 and DCRB5=0)
Condition: SPICL must have open-drain output (DCRB5=0)

If clock line is held low externally then clock mastership is not lost; minimum 1C 4 and 1CLK
times are guaranteed.

1f SPICL goes low during idle mode then SPICR1=1 and clock line is switched low to inhibit
the system clock.

MODE FAULT FLAG OPERATION (SPICR1)
Flag set when any of the following conditions occur.
Data arbitration occurs on SPID output.
Clock arbitration with SPISS during master to slave switching.
Clock arbitration via clock line if SPICL 1—0 during idle.

START, STOP, AND CLOCK IDLE CONDITIONS
Clock Idle: The clock level just prior to the transition that causes data on the serial output data line to be changed is
defined as the SPI clock idle state.
SPICR5=0: SPICL Idle= Low State
SPICR5=1: SPICL Idle= High State

These definitions are necessary for determining start and stop conditions.

NOTE
Clock idle state can only be defined if SPICR4=0 (Deselect Mode)

Start Condition: Any negative transition of the data input line (PB2 or PB3) during an SPICL idle state.
Stop Condition: Any positive transition of the data input line during an SPICL idle state.
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4.2.1 Clock Mastership

The SPI clock source is always taken from port B1. When the clock level on pin PB1 is defined by
the MCU, it is said that the MCU has clock mastership. The principle condition for clock mastership
during an SPI operation is that port B1 must be initialized by its DDR bit so that the port is in the
output mode. When PB1 DDR is clear (i.e., configured as an input) during an SPI operation, and
external device provides the SPI clock on pin PB1. This is referred to as the ‘’clock slave’” mode.

4.2.2 Data Mastership

SPI data transactions (transmission/reception) can occur through port B2, port B3, or through both
of these ports as determined by the software. The MCU is said to have data mastership when the
data output on the selected data output port is defined by the processor. The main requirement for
data mastership during an SPI operation is that the selected SPI data output port, PB2 or PB3, be
initialized by its DDR bit to be in the output mode. Routing of output data to the proper port data
register is done by SPICR3. The MC6805S2 may be a ‘'receiver” in any mode of operation.

4.2.3 SPI Transaction Mode

This is the mode where the SPI is allowed to operate (see Figure 4-2). Operation takes place via port
B lines. SPI transactions are enabled when the SPI control register bit 4 (SPICR4) is set.

4.2.4 SPI Deselect Mode

SPICR4 is clear in this mode. All SPI operations and actions relative to the SPI operation are
blocked in the SPI deselect mode. This mode is selected at reset.

4.2.5 SPI Active Mode

The SPI active mode is part of the transaction mode (Figure 4-3). In addition to the transaction
mode requirements, the two following requirements must be met for the MC8805S2 to operate in
the SPI active mode: 1) SPICR7=0, and SPISS (port BO)=0 if PB1 DDR =0 (clock slave mode) and
2) SPICR7=0 and SPISS=1 if PB1 DDR=1 (clock master mode). In this mode, the SPI clock
pulses are allowed to shift serial information.

4.2.6 SPI Idle Mode

This is part of the transaction mode and is characterized additionally by 1) SPICR 7=1 or 2) slave
select input (port BO)=1 if DDRB1=0 (clock slave mode). In this mode all SPI clock pulses are
blocked and, if the MCU is in the clock slave mode, the serial data out line is forced to high im-
pedance if slave select input PBO= 1. In this mode the MCU is processing serial data or is deselected
under external control.

4-4

For More Information On This Product,
Go to: www.freescale.com



4\ Freescale Semiconductor, Inc.
Transaction
Deselect Mode Transaction Mode j€——Mode —

» Active | e | Active _ [idle] |idle,  Active
e T > ';3 0’(——

(SPICR4)

L i

XX UKL

-
|
4
|
L B—[SPICR7)
1|
Internal Data In+ Out | |
Strobe L \
1 2 7 . ' 71 2 3 1 2 n
L_a

SPISS Condition: Slave Mode-+ [DDRBO] -0 IZI I

SPICL

SPICL

B

(SPICR7)

| o

(SPICR7)

Data Out
Strobe

Data In
Strobe 8th Pulse

SPID Out X

Figure 4-2. SPI Operation (Example: Clock Slave Mode)

45

For More Information On This Product,
Go to: www.freescale.com



Internal
Signals

Internal
Signals

Freescale Semiconductor, Inc.

oo Y X X X |
o] I I I
oo I I I |
0!0101000101010101 OO |
X X XX
ovos o | 1 1 |z
o] I I 1

—>| f(— Valid Data

Figure 4-3. SPI Clock (Active Transaction)

4.3 SPI CONTROL AND STATUS REGISTER

This register, illustrated in Figure 4-4, contains the status and control bits related to SP| operations.

SPICR7 SPI Interrupt Request Bit

SPICR6

This bit is cleared at reset or under program control. When the eighth SPI data input
strobe is detected from the SPI clock input this SPI interrupt request bit becomes set.
When set, it forces the SPI into the idle mode. It remains in the idle mode until it is ser-
viced. Only if SPICR7 is not masked by SPICR6 is the processor allowed to receive an in-
terrupt request. The processor services this interrupt if the | bit is clear in the condition
code register. It does so by fetching the interrupt vector from addresses $FF8 and $FF9.
As long as SPICR7 is set the SPI remains in the idle mode during SPI transactions.
SPICR7 is also cleared at the zero to one transition of SPICR2 due to a ‘‘start bit’” detec-
tion during the transaction mode.

SPI Interrupt Request Mask Bit

This bit is set at reset or under program control. When set, it inhibits interrupt requests
from SPICR7. This bit is cleared under program control, or at the zero to one transition of
SPICR2 due to a “start bit” detection during the transaction mode.
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Figure 4-4. SPI Control Register Operation

SPICR5  SPI Clock Sense Bit/Bus-Busy Flag
This is a dual-function bit controlled by the status of SPICR4. The function of this bit is

the following:
SPICR4 Mode SPICR5 Function
0 SPI Deselect SPI Clock Sense Bit (Read/Write)

1

SPI Transaction

SPI Bus-Busy Flag (Read Oniy)

If the SPI is in the deselect mode (SPICR4=0), SPICR5 becomes a read/write bit that
controls the clock sense and SPICL idle level. When low, this bit causes SPI input data to
be latched into the SPI data register on the negative edge of the SPI clock and output
data to be changed on the positive edge of the SPI clock. This corresponds to a iow
SPICL idle level. When high, input data is latched on the positive edge and output data
changed on the negative edge of the SPI clock. This corresponds to a high SPICL idle
level. Data in the SPI data register is shifted by one location to the left at the SPI clock
edge that latches SPI input data. This clock edge is referred to as the data input strobe.

During SPI operation (SPICR4=1), SPICR5 becomes a read-only bit that serves as a
“bus-busy” flag. This flag is set due to a start condition and cleared due to a stop condi-
tion or at reset. A received MCU or a clock slave can poll this flag to determine the ap-
propriate time to “‘capture the bus’ and become a transmitter or clock master. This flag
provides a ““clean’”’ hook-unhook mechanism to the serial bus to allow true multi-master
operation.

In a properly ordered system, only one MCU has data mastership between a given start
and stop condition. Qutside this busy zone, the serial bus is considered free and is
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1) When SPI data output arbitration occurs on the SPI data output port (PB3 or PB2)
selected by SPICR3, the SPI data output port DDR is cleared (switches to high-
impedance state), MCU loses data mastership, and the mode fault flag is set.

2) When the MCU has clock mastership (i.e., port B1 DDR= 1), slave select input PBO, if
used as such in the application, should stay high. If a low level is detected on this in-
put, then the MCU loses clock mastership, switches to clock slave mode, the port B1
DDR is cleared, and the mode fault flag is set.

3) When the MCU operates in the master mode where clock arbitration is done via the
clock fine, then the mode fault flag is set during the idle mode when a negative clock
edge is detected on the SPI clock input. Simultaneously the port B1 data register is

This feature allows the MCU to detect that some other device has attempted to drive the
SPI clock input while the MCU was not ready to perform a serial transaction; or that MCU
has lost data mastership or clock mastership.

SPICRO SPI Input Data Select Bit
This bit is cleared at reset or under program control. When set under program control, it
allows SPI data from port B3 to be latched into the SPI data register. When clear, SPI
data from port B2 is routed to the input of the SPI data register.

4.4 SPI DATA REGISTER

This register can be written into at any time. It can be read ““on the fly’" irrespective of serial opera-
ToNn without disturbing the data. Data is shifted left by one bit every time there is a data input strobe
while the LSB is loaded with data from port B2 or B3 according to the status of SPICRO.

Lhe MSB is loaded to the data register of port B2 or B3 according to the status of SPICR3 every
time there is a data output strobe. Data input and output strobes are generated during the transi-
tions of the SPI clock input to the MCU under the control of SPICR5. Data input and output strobes
are generated internally only during the active transaction time.

4.5 SPI DIVIDE-BY-EIGHT COUNTER

This counter is cleared during SPI deselect or idle modes. It counts at every data input strobe during
the SPI active transaction mode. At overflow, it sets SPICR7, which in turn puts the SPI in the idle
iriode and blocks all data input and output strobes. This counter is also cleared when the slave
select input (PBO) is high while the MCU is operating the SPI with slave select in the slave mode, or
when a “start” condition is detected. Clearing of the counter by the “start’” condition allows resyn-
chronization of data transmission between MCUs.
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4.6 SPI OPERATION

The SPI may operate in a variety of ways depending on user application needs. The main modes are
described below; however, this list is neither exhaustive nor absolute. Software assisted protocols
may be defined to upgrade the hardware versatility and/or system performance of the MC6805S2.
Some features common to all operating modes are outlined below.

1) The SPI data input and output paths may be individually routed under program control via

2

3

4

)

)

)

SPICR3 and SPICRO to or from either PB2 or PB3 (see Table 4-2). This gives rise to four
possible routings useful in half duplex and full duplex operations, as well as aliowing bidirec-
tional information to flow in daisy-chained systems.

When data input and output is done on the same pin (PB2 or PB3), i.e.,
SPICR3 e SPICRO=0, then half duplex operation takes place. The unused port line (PB2 or
PB3) is free for any other use.

Data input is always relative to the port pin logic level regardiess of the data direction
register status on that pin.

If SPICR3® SPICRO=0, then in case of data arbitration on the data output line, the data in-

put to the SPI data register is always equal to the logic level imposed on the data input pin
by the device which wins the data arbitration.

Table 4-2. Port B Status During SPI Operation

Port

Name Use Input | Output Comments
PBO SPISS Yes No Used as slave select input
PBO Data No Yes Used as “busy” signal or any digital output
PB1 SPICL Yes No Clock slave

PB1 SPICL No Yes Clock master

PB2 SPID Yes No SPI data input SPICRO=0
PB2 SPID No Yes | SPI data output SPICR3=0
PB2 Data Yes Yes | Any digital signal SPICR3=1
PB3 SPID Yes No SPI data input SPICRO=1
PB3 SPID No Yes SPI data output SPICR3=1
PB3 Data Yes Yes Any digital signal SPICR3=0

When full duplex operation is required, then SPICR3e® SPICRO=1. In this mode, 16 bits of
information may be transferred with eight clock pulses between at least two devices with
transmit capability. In this mode both PB2 and PB3 are used for SPI data transfer.
Moreover, the same shift register is used for data out and data in. Thus, the byte trans-
mitted is replaced by the byte received, removing the need for separate status bits for XMIT
EMPTY and REC FULL. A single status bit, SPICR7, is used to signify that the input/output
operation is complete.

5) The SPI clock is always provided on port B1. In the clock slave mode, the port B1 DDR is

clear (i.e., input mode). In the clock master mode, the port B1 DDR is set and hence the
MCU imposes the clock level on pin PB1 until there is clock arbitration on the clock line or
until the MCU loses clock mastership when the slave select input PBO goes low.

4-10
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6) Clock pulse generation in the case of clock mastership is accomplished via the data register
toggle facility provided on port B1. According to the status of MRO, the overflow pulse of
either timer A or B is used as a toggle clock source during the active transaction time.
Hence, the port B1 data register changes state every time there is a timer overflow. Clock
frequency generated by this method is therefore half the overflow frequency of the selected
timer. There is no fixed baud rate generation. The clock frequency is dependent on the
prescaler clock source option, prescaler divide ratio, and timer divide ratio as well as the port
C status in case of external clocking for the timer. Toggling of the port B1 data register is
automatically allowed during the active transaction mode.

7

For correct transfer of data between devices connected to the SPI, all devices must have
their output data strobe and input data strobe on the same clock edges.

8) For proper transmission, the first clock edge during the active transaction mode must be the “

output data strobe. When this occurs, the MSBs of the data registers of all transmitters are
copied on to the data output pins (e.g., this is valid for devices with such output capability)
and the MCU copies the MSB of its SPI on to the port B2 or B3 data register, according to
SPICR3 status.

On the opposite clock edge, all receivers internally generate the data input strobe and shift
by one location the contents of the SP! data register. Data for the receivers is assumed to be
stable on this clock edge. Hence, error-free master-siave type serial data transfer is ac-
complished. It is therefore important that before a serial data transfer starts, the master
clock level has to be initialized under program control so as to create an cutput data strobe
on the initial SPI clock edge.

NOTE
If the initial clock edge is the input data strobe, the MSB of all receivers are lost,
and transmitted MCU data will have a framing error. However, if a peripheral
transmitter device (without the selective data output and input strobe feature) is
transmitting data to the MCU, then, the first clock edge should generate the data
input strobe for the MCU.

9) The data direction registers of port B are always accessible during SPI operation. This is also
true for data control registers of port B which control open-drain enables and the port B out-
put toggle enables (DCR7 through DCR4). However, during SPI active transaction mode,
the following data registers are not write accessible under program control:

a) PB1 data register;

b) PB2 data register if SPICR 3=0, and

c) PB3 data register if SPICR 3=1.
This allows write instructions to port B lines not used for SPI operation during the active
transaction mode without affecting the contents of data registers used for SPI.

10) The toggle enable of the port B1 data register is asserted during the active transaction mode
by the SPI logic. This starts the generation of SPI clock pulses if the MCU has the clock
mastership. If the MCU is in the clock slave mode (DDR B1=0), then an external device
provides the clock pulses.
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11) Port B lines not used for SPI can be used for other digital functions, e.g.; a) in half-duplex or
one-wire operation the unselected SPI data port may be used as |/0, and b) port BO may
always be used as digital output in the modes where SP| operates without slave select
input. ;

4.7 START BIT OPERATION

In all operating modes of the SPI, it is implied that all data transmissions are sensitive to the clock
edges. Depending on the state of SPICRS, data changes either as the result of the rising or falling
edge of the clock SPICL.

The clock level prior to the transition that causes data on the serial data line to be changed is called
the “idle” level. It is assumed that data must be stable just prior to and during the idle level during
transmission.

Optional creation of an exception to this rule may be interpreted as additional information such as to
1) signal the beginning of a transmission; 2) to separate address and data fields and/or 3) to syn-
chronize transmitter and receivers.

Negative transition of data input while the clock line (SPICL) is in its ““idle” level is being defined as
an exceptional condition on the MC6805S2 SPI. This condition causes SPICR2 and SPICR5 to be
set and is defined as the start condition.

The rising edge of SPICR2 causes the divide-by-eight counter, SPICR7 and SPICR®6 to be cleared.

Refer to Figure 4-5 for clock idle level definition, to Figure 4-6 for the start bit definition, and to
Figure 4-7 for stop bit definition.

Clock Idie Level
_é \
SPICL ]

P
'

A
|) |) SPICR5=0
SPID (B2 or B3) } (Defined During Deselect
X X Mode: SPICR4=0)
Output )
Clock Idle Level K
SPICL ————£ \‘ g——
AN "\
SPICR5=1
) ) b (Defined During Deselect
SPID (B2 or B3) X X Mode: SPICR4=0)
Output
J

Figure 4-5. SPI Clock Idie Level Definition
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Figure 4-6. SPI Start Bit Definition
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4.8 ADDRESS AND DATA FIELD SEPARATION

In systems connected together on a serial bus without individual chip-selects for individual elements
connected to this bus, serial transmission must convey not only data but the address of the receiver
element to which data is sent. Since all transmissions are byte long, recognition of address from a
data pattern is not possible unless the address can be distinguished from data by a start bit. In many
standard accepted systems, an address field follows a start condition which is then followed by a
number of data fields depending on the transaction relative to that address.

Detection of this start condition sets SPICR2, hence at the end of an 8-bit transmission it is possible
to check if the received byte corresponds to address or data fields. It must be emphasized that a
start condition does not occur normally during the transmission but it is provoked by the trans-
mitter, prior to address field transmission.

Secondly, zero-to-one transition of SPICR2 caused by the start condition causes the divide-by-eight
counter to be cleared, hence allows all receiver MCUs to be synched-up simultaneously.

The third important consideration is the rate of occupation of the MCU in serving the information
flow on the serial bus with respect to the background tasks.

In case of high-speed transmissions (up to 100K Baud) and heavy information flow not related to a
given MCU on the serial data bus, it is possible, if no precaution is taken, that a non-selected
receiver MCU has to analyze every field; data or address, to check for a particular address field that
is of concern. This causes a very high interruption rate to service the SPI and leaves very little time
for background tasks. In order to mask an undesirable data field transmission, that requires inter-
rupt driven analysis, SPICR6 may be set and SPICR2 can be cleared after analyzing an invalid ad-
dress field. Then, the MCU becomes immune to all SPI interrupt requests due 1o subsequent data
fields. On the next start bit preceding a new message, SPICR2 is set which in turn causes SPICR7
and SPICR6 to be cleared. The MCU is then ready to service an incoming new address field via
interrupt.

Refer to Figure 4-8 which illustrates the time for SP| address and data field separation (reception).

4.9 DATA FIELD ONLY OPERATION

In applications where: 1) only data patterns are transmitted or 2) the effect of the rising edge of
SPICR2 having cleared SPICRG, SPICR7, and divide-by-eight counter needs to be inhibited, it is
sufficient to set SPICR2 under program contro! before transmission. SPICR7 and SPICR6 are not
cleared by the software controlled setting of SPICR2.
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Figure 4-8. SPI Address and Data Field Separation (Reception)

4-15

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

4.10 DATA ARBITRATION

Data arbitration occurs when two or more transmitters try to control a common data line. Refer to
Figure 4-9 for data arbitration timing.

(SPICR4)

SPICL

Internal Data In -l .l (SPICRB)=0*
Strobe

(SPICR7)

SPID Out
Register(* *)

(SPICRT)

SPID Output y
v QXXX X X__)r—

Bus Contention

ard
}H‘*o

* As defined during SPI deselect mode (SPICR4=0).
* *SPIDout= PB2 if SPICR3¢DDRB2=1
SPIDout= PB3 if SPICR3*DDRB3=1

Figure 4-9. SPI Data Arbitration Timing Diagram

The MCU handles the data arbitration in the following ways:

Starting Conditions

1) The MCU has data mastership, i.e., port B2 or B3 are used for SP| data transfer and
have their data direction registers in the output mode.

2) SPICRS s preset properly to output the SPI data on the selected data output port (PB2
or PB3)

3) The SPl is in the active transaction mode.

Arbitration Criterion
The SPI data output line logic level on the pin is compared with contents of the data
register of that line during the data input strobe. |f the data register content is one while
the SPI data output line logic level is zero then it is decided that an external devicel(s) is
(are) trying to control the data line.
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Action
When the arbitration criteria are met, the mode fault flag (SPICR1) is set, the MCU loses
data mastership and the SPI data output line DDR is cleared putting the line in the input
mode.

NOTE
Complementary type of arbitration (i.e., output data line equals one; port
data register equals zero) is not implemented and should not occur in the
system as this will cause excessive dissipation on the port and may resultin a
catastrophic failure of the circuit.

4.11 CLOCK ARBITRATION

Clock arbitration is done in two ways: 1) via the slave select input line and 2) via the serial peripheral
interface clock line. Both types of arbitration may be used simultaneously in an application.

4.11.1 Clock Arbitration via Slave Select Input Line

During serial peripheral interface transactions, port BO serves as the slave select input if port BO is in
the input mode (DDR BO=0).

When the MCU has clock mastership, PBO should remain high. When an external device requests
clock mastership this input is pulled low. The MCU loses clock mastership and switches to slave
type operation, the clock line data direction register bit is cleared, (DDR B1=0), and the mode fault
flag is set.

This clock arbitration may happen during active or idle transaction modes (see 4.12 SLAVE SELECT
'NPUT OPERATION).

4.11.2 Clock Arbitration via Serial Peripheral Interface Clock Line

This type of arbitration is enabled only when the MCU operates as clock master while the clock line
output buffer works in the open-drain mode (DCR B5=0). Unlike the clock arbitration described
previously, the MCU does not lose clock mastership. The clock output data register status is
monitored under control of the clock arbitration flip-flop to guarantee minimum clock high and
clock low times on the clock line, in case two or more clock masters are trying to control the clock
line simultaneously. Each clock master may be assumed to be asynchronous with respect to the
nther(s) and to run with different clock frequencies. When set, the clock arbitration flip-flop (CLAQ)
blocks the toggle enable of port B1 effectively inhibiting the port data register from changing state
by toggling during the toggle pulse. Refer to Figure 4-10 for timing.
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Figure 4-10. Clock Arbitration via Clock Line Timing
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CLAQ status is modified under the following conditions:
a) CLAQ is cleared when:
1) SPICR 4=0 or DDR B1=1
2) Toggle pulse is generated for port B1.
b) CLAQ is set when:

1) A negative edge is detected on the SPI clock input if the port B1 data register is high.
Simultaneously, the port B1 data register is cleared. If this occurs in the idle mode, while
the MCU is not ready for serial transmission, the mode fault flag (SPICR 1) is set as well.
In this way, the MCU will keep the clock line low, effectively blocking all clock pulses on
the clock line, and detecting that the clock line was driven low during the idle mode. If
the MCU was set up as a transmitter, the clock edge occurring during the idle mode can-
not generate an internal data output strobe. Hence, during subsequent serial transmis-
sion receivers it would “‘miss’’ the MSB of the data transmitted from the MCU. Protocols
can be set up to avoid, or recover from, this type of framing error.

2) If the SPI clock line is still low 2% machine cycles after the port B1 data register is set,
the CLAQ set command will remain active, as long as the SPI clock line remains low. The
ciock arbitration operation is explained in more detail in 4.13.3 Two-Wire Half Duplex
Mode with Clock Arbitration.

4.12 SLAVE SELECT INPUT OPERATION

Slave select information is supplied to the MCU via port BO by an external device. If port BO is in the
output mode then slave select actions are inhibited. If the slave select feature is not used in an ap-
plication, port BO should be used in the output mode.

Slave select input generates various actions depending on whether the SPI is operating in the clock
master mode or clock slave mode. These are outlined in the following paragraphs.

4.12.1 Slave Select Input Actions During Master Mode

In this mode, the slave select input is monitored to assure that it stays false (high). If slave select
becomes true (low), the device immediately exits the master mode and becomes a slave (DDR
B1=0). The significance of this is that a collision has occurred; that is, two devices have both
become or are willing to become masters. This is normally the result of a software error, although
some systems may allow the default master to “’knock all other masters off the bus’ if an erroneous
bus state is detected. This is a castastrophic event and it is the responsibility of the default master to
completely “‘clean up”’ the system. Moreover, the mode fault flag is set to signal to the MCU that
clock mastership is lost. These actions can take place during either active or idie transaction modes.
Refer to Figure 4-11.
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* As defined during SP! deselect mode (SPICR4=0).

Figure 4-11. Clock Arbitration via Slave Select Input — Master Mode

4.12.2 Slave Select Input Actions During Slave Mode

The slave select (SS) input is generated by the current clock master (parallel port may be used) and
used to enable one of several possible slaves to accept and/or return data. The SS signal must be
low prior to occurrence of serial clock pulses and must not become high until the eighth (last) serial
clock cycle. A high ievel on SS forces serial data output to the high-impedance state without affect-
ing the data direction register status relative to the data output. Also, when SS is high the serial
clock input pulses (if any) are inhibited from generating internal data output and input strobe
pulses, and also the eight-bit counter is cleared.

The significance of this is that the slave select acts as a chip-enable line and the MCU receives
and/or is allowed to transmit back information only when SS is pulled low by the current clock
master. Individual lines must be used from the master for each slave select input. A single line is suf-
ficient in the case of daisy chain or cascade connection of multiple slaves. Refer to Figure 4-12.
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* As defined during SPI deselect mode (SPICR4=0).

Figure 4-12. Clock Arbitration via Slave Select Input — Slave Mode

4.13 SP1 OPERATING MODES

A brief description of the serial peripheral interface (SPI) operating modes is contained in the follow-
ing paragraphs.

4.13.1 One-Wire — Autoclocked Mode

In this mode, various circuits are connected to each other via a single wire one which data transfer
takes place. The clock is implicit during transmission and each circuit is its own clock master. The
MCU should be initialized as clock master and port B1 is not connected externally. In order to
achieve the precise timing required for this transmission it may be useful to start the active transac-
tion mode with an interrupt. Hence, the data input/output line can be connected on the MCU to the
INT2 line.

With the assistance of software to generate the start bit and stop bits, and swap the order of bits in
the data, NRZ-type serial transmission compatible with MC6801 can be achieved in this mode. (See
Figures 4-13 and 4-14.) Unused SPI data port B2 or B3 may be used as a normal input/output. Port
BO may be used only as an output.
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4.13.2 Two-Wire Half-Duplex Mode

In this mode, the data and clock lines are connected between various circuits in the system. Data
and clock mastership should be monitored via protocol included in the data patterns transmitted
between circuits. Moreover, data arbitration is possible on the MCU data line. Any transmitter can
“"knock out” all others by transmitting all zeros.

4.13.3 Two-Wire Half-Duplex Mode with Clock Arbitration

In this mode, the MCU is assumed to operate as a clock master with an open-drain SPI clock output
buffer. Clock and data arbitration is accomplished as explained in 4.11 CLOCK ARBITRATION.
More than one clock master (and transmitter) is allowed at the same time in this mode.

An interesting protocol occurs when the clock lines of all masters operate with open-drain outputs.

If no master other than the MCU is operating on the clock line, then the clock arbitration flip-flop n

(CLAQ) is never set and every toggle pulse creates an edge on the SPI clock line (SPICL). This is the
normal mode of operation.

However, if an external master pulls the SPI clock line low, the MCU sets CLAQ to inhibit the next
timer overflow from generating a toggle pulse on the SPI clock port. The SPI clock port data
register is also cleared. At the next timer overflow, CLAQ is reset and the SPI clock port is allowed
1o toggle during future timer overflows. In the meantime, other master clock outputs may go high.
However, the SPI clock line is held low by the MCU until a low-to-high transition occurs on its
SPICL data register line. (In wire-or configuration, any master with a low output imposes a low
clock line on the total system.)

This mechanism guarantees that in case of clock arbitration (a process which is asynchronous to
the timer overflows) the SPI clock low time is not shorter than one toggle period. Hence, narrow
negative glitches are avoided on the clock line. Some devices in the system may be operated totally
under software control by using polling techniques. Polling is generally much siower than hardwired
logic. Potential appearance of narrow glitches could cause castastrophic system faults, as some
devices in the system might respond to them and some might not.

The clock arbitration flip-flop is also set when the SPICL data register toggles high while an external
master keeps the SPI clock line low after two and one-half machine cycles. CLAQ remains set until
the SPICL line returns to a high state. At the next timer overflow, CLAQ is reset. Future timer
overflows will be allowed to toggle the SPICL data register to the low state.

This mechanism guarantees that in case of a clock arbitration situation, the SPI clock high time is
not shorter than one toggle period. This avoids narrow positive glitches. The same comments are
applicable to positive glitches with regard to system performance.

In such a system, the longest clock low time is imposed by the clock master with the longest clock
low time. The shortest high time is determined by the device with the shortest high clock time.

4.13.4 Three-Wire Half-Duplex Mode with Slave Select Input

This mode is similar to the two-wire half-duplex mode except that the slave select input provides the
possibility of using the MCU as a peripheral circuit in a system (or in systems) where clock master-
ship may be passed through the slave select line.
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A typical method of doing this is to wire the slave select lines together. The current master puts its
slave select line (SPISS) in the output mode prior to a serial transmission and pulls the SPISS line
low signifying that the system is busy. In this way, the clock master will keep its mastership until the
end of the transmission. Software protocol can be arranged such that slaves do not request master-
ship until their SPISS lines go high. At the end of a transmission, the current master pulls the
SPISS line high and puts its SPISS port (PBO) in the input mode. A slave requesting clock master-
ship can now pull the SPISS line low, “knocking out” the current master. To avoid simultaneous
mastership requests, time multiplexed protocols may be required.

4.13.5 Three-Wire Full-Duplex Mode

In this mode, the MCU can operate as a transmitter and receiver at the same time. Bus oriented or
daisy chain type networks are feasible. Protocols included in the data stream are required to change
the clock masters, number of transmitters in the system, or the direction of information flow in
daisy chained systems with ““collision.” In this mode, it is possible for the MCU to shift out one byte
while receiving another. This removes the need for XMIT EMPTY or REC FULL status bits. Refer to
Figure 4-15.

Vee
Slave Select
Clock
Data —(—)-) r<_>.|
| v y Y l I \i A A
MCU 1 MCU 2 Peripheral MCU 3
Master
B2=SPID In
> B3=SPID Out
Example: Information Flow
€ B2=SPID Out
{ B3=SPID In

Figure 4-15. Daisy Chain/Cascade Organization

4.13.6 Three-Wire Full-Duplex Mode with Clock Arbitration

This mode is @ mix of the three-wire full-duplex mode and the two-wire half-duplex mode with clock
arbitration, where the SPI clock line operates in a wire-or fashion in the system. Simultaneous
masters are allowed and clock arbitration is accomplished via the clock line.

4.13.7 Four-Wire Full-Duplex Mode with Slave-Select input

This mode is similar to the three-wire full-duplex mode with regard to network and to the three-wire
half-duplex mode with slave-select input in respect to clock arbitration and slave selection. Refer to
Figure 4-16.
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Figure 4-16. SPI Operation Bus Organization
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SECTION 5
SELF-CHECK, RESETS, CLOCK GENERATOR OPTIONS,
AND INTERRUPTS

This section describes the self-check capability, resets, clock generator options, and interrupts.

5.1 SELF-CHECK
The self-check capability of the MC680552 MCU provides an internal check to determine if the part

is functional. Connect the MCU as shown in Figure 5-1 and monitor the output of port C bit O for an n

oscillation of approximately 7 Hz. A 9-volt level on PCO, pin 2, detected as the device under test
comes out of reset, energizes the ROM-based self-check feature. The self-check program exercises
the CPU, RAM, ROM, A/D, timers, interrupts, /O ports, and auxiliary counter.

Vee
4% R4
\\ LED
Clock 136 5 8 2 12120 vee
RESET 13, 54N7:l651§7 ,
11 s
i [l ) el s =TT =
+evo—_{"1 PCO 2 47 [EXTAL |C1“| — = ==
R2 PC1 R3 50k
veco{F——r3 2% T
WT2| s N1 XTALY vee
VRH
Vecop——15s u——-=o i
C3=—VAL RESET  VCC \ |
ll AN3 e s PA7 — ll
7 2 __IL“ ey,
AN2 8 2 PAG I—_“
AN1 9 20 PA5
ANO 10 19 PA4
PBO PA3 R1=6 kQ
11 18 R2=3 kQ
PB1| ., o |PA2 R3=200 @
PB2 PA1 R4=390 9
13 16 C1=22 pF
PB3 ~|Pao C2=14F
14 15 €3=0.14F

*RC Oscillator Option Shown. If Q0-Q2 LEDs Blinking = Device Passes Test
Q3 Blinking = Watchdog Reset Problem

Figure 5-1. Self-Check Connections
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Several of the self-check subroutines can be called by a user program with a JSR or BSR instruc-
tion. They are the RAM, ROM, and 4-channel A/D tests. The timer routine may also be called if the
timer input is the internal phase two clock.

5.1.1 RAM Self-Check Subroutine

The RAM self-check is called at location $F38 and returns with the Z bit clear if any error is detected;
otherwise, the Z bit is set. The walking diagnostic pattern method is used.

The RAM test must be called with the stack pointer at $07F. When run, the test checks every RAM
cell except for $07F and $07E which are assumed to contain the return address.

The A and X registers and all RAM locations except the top two are modified.

5.1.2 ROM Checksum Subroutine

The ROM self-check is called at location $F54 and returns with the Z bit cleared if any error was
found; otherwise Z=1, X=0 on return, and A=0 if the test passed. RAM locations $040-$043 are
overwritten.

5.1.3 Analog-to-Digital Converter Self-Check

The A/D self-check is called at location $F6E and returns with the Z bit cleared if any error was
found; otherwise Z=1.

The A and X register contents are lost. The X register must be set to four before the call. On return,
X=8and A/D channel 7 is selected. The A/D test uses the internal voltage references and confirms
port connections.

5.1.4 Timer Self-Check Subroutine

The timer self-check is called at location $F99 and returns with the Z bit cleared if any error was
found; otherwise Z=1.

In order to work correctly as a user subroutine, the internal phase two clock must be the clock
source and interrupts must be disabled. Also, on exit, the clock is running and the interrupt mask is
not set so the caller must protect from interrupts if necessary.

The A and X register contents are lost. The timer self-check routine counts how many times the
clock counts in 128 cycles. The number of counts should be a power of two since the prescaler (1) is
a power of two. If not, the timer probably is not counting correctly. The routine also detects if timer
A is not running.
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5.2 RESETS

The MCU can be reset four ways: by initial power up, by the external reset input (RESET), by a
forced reset generated by a timeout of the MCUs auxiliary or “‘watchdog’ counter, and by an op-
tional internal low voltage detect circuit. The RESET input consists mainly of a Schmitt trigger
which senses the RESET line logic level. A typical reset Schmitt trigger hysteresis curve is shown in
Figure 5-2. The Schmitt trigger provides an internal reset voltage if it senses a logic zero on the
RESET pin. Refer to the reset circuit in Figure 5-3 and to Figure 5-9, under 5.4 INTERRUPTS, for
the complete reset sequence.

Out
of 1
Reset
In
Reset Y 1 1
L] L] 1
0.8V 2V 4V
VIRES - VIRES +

Figure 5-2. Typical Reset Schmitt Trigger Hysteresis

“Vec Vee
3-10kQ
Vi= 220kQ
12V Typ. % RESET
Internal
Reset =0 G -
yp- i uF Typ.
Low-Voltage |
inhibit ——-l _
Circuit -

(St'rong * *Optional-100 ms Delay

Discharge Typical During Power Up
Device

*Mask Option

MCuU

Miscellaneous Register

Figure 5-3. Reset Circuit
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5.2.1 Power-On Reset (POR)

An internal reset is generated upon power up that allows the internal clock generator to stabilize. A
delay of trH| milliseconds is required before allowing the RESET input to go high. Refer to the
power and reset timing diagram of Figure 5-4. Connecting a capacitor to the RESET input (as il-
lustrated in Figure 5-5) typically provides sufficient delay. During power up, the Schmitt trigger
switches on (removes reset) when the RESET rises to VIRES + -

5v VLVR ’\‘ i r\,
\ Dip
vee / VIR in power /] VLVR
ov

RESET ol <
Pin VIRES + l ViReS - /
— tRHL [ —> tRHL [€—
Internal ,\' {
Reset

E Figure 5-4. Power and Reset Timing

Figure 5-5. Power-Up Reset Delay Circuit

5.2.2 External Reset Input

The MCU will be reset if a logic zero is applied to the RESET input for a period longer than one
machine cycle (tcyc). Under this type of reset, the Schmitt trigger switches off at VIRES — to pro-
vide an internal reset voltage.

5.2.3 Low Voltage Inhibit (LV1)

The optional low-voltage detection circuit causes a reset of the MCU if the power supply voltage
falls below a certain level (VL yv|). The only requirement is that VCC remains at or below the V| v|
threshold for one tcyc minimum. In typical applications, the VCC bus filter capacitor will eliminate
negative-going voltage glitches of less than one tcyc. The output from the low-voltage detector is
connected directly to the internal reset circuitry. It also forces the RESET pin low via a strong
discharge device through a resistor. The internal reset will be removed once the power supply
voltage rises above a recovery level (V| yR), at which time a normal power-on-reset occurs.
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5.2.4 Forced Reset

If the auxiliary counter reset mask bit in the miscellaneous counter (MR4) is clear and the auxiliary
counter status bit (MRB) is set, as a result of counter overflow, a switch to VS§ is turned on, pulling
the RESET pin low. A consequent voltage drop below VIRES — on RESET causes an MCU reset,
which in turn sets MR4. Switching to VSS when the RESET pin is turned off allows voltage to rise
above VIRES +, after which the MCU reset is released.

RESET pin voltage variations occurring as a result of forced reset may be amplified externally in
order to provide a reset to other peripheral circuits in the system. The reset output from the MCU is
not TTL compatible.

5.2.5 Reset Initialization

The minimum low time for ail four modes of reset is one tcyc + 250 nanoseconds (teyc = oscillator
frequency divided by four). When reset is detected, the MCU initialization takes place. The follow-
ing are the actions taken on the internal circuitry:

a) FF Timer A Modulus Latch and Timer A i) 40 Serial Peripheral Interface

b) FFFF  Timer B Control Register

c) 7F Prescaler 1 iy 00 Port A Data Direction Register*
d) 7FFF  Prescaler 2 k) FC Port C Data Direction Register”
e) 50 Timer A Control Register ) FO Port B Data Control Register”
f) 80 Timer B Control Register m) 1 Interrupt (Mask Bit | in

g) 50 Miscellaneous Register Condition Code Register)

n) 07 A/D Status Control Register n) 7F Stack Pointer

o) FFE  Program Counter

5.3 INTERNAL CLOCK GENERATOR OPTIONS

The internal clock generator circuit is designed to require a minimum of external components. A
crystal, a resistor, a jumper wire, or an external signal may be used to control the internal clock
generator with various stability/ cost tradeoffs. A manufacturing mask option is used to select the
crystal or resistor option. The oscillator frequency is internally divided by four to produce the inter-
nal system clocks.

The different connection methods are shown in Figure 5-6. The crystal specifications and suggested
PC board layout are given in Figure 5-7. A resistor selection graph is shown in Figure 5-8.

The crystal oscillator start-up time is a function of many variables: crystal parameters (especially
RS), oscillator load capacitance, IC parameters, ambient temperatures, and supply oscillator start-
up. Neither the crystal characteristics nor the load capacitances should exceed recommendations.

*Reads as $FF
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When utilizing the on-board oscillator, the MCU should remain in a reset condition (reset pin
voltage below V|RES + ) until the oscillator has stabilized at its operating frequency. Several factors
are involved in calculating the external reset capacitor required to satisfy this condition: the
oscillator start-up voltage, the oscillator stabilization time, the minimum V|RES +, and the reset
charging current specification.

Once V¢ minimum is reached, the external RESET capacitor will begin to charge at a rate depen-
dent on the capacitor value. The charging current is supplied from VCC through a large resistor, so
it appears almost like a constant current source until the reset voltage rises above VIRES +.
Therefore, the RESET pin will charge at approximately:

(VIRES + )*Cext=IRES®tRHL
Assuming the external capacitor is initially discharged.

XTAL 26| xTAL
(See Note) ; MC6805S2 MC6805S52
2 EXTAL MCU 27 EXTAL MCU
(Crystal Mask 1 (Resistor Mask
CL I CL I Option) CL I Option)
Crystal Approximately 25% to 50% Accuracy
Typical toyc=1.25 s
External Jumper
26| xTAL | XTAL
External —— | MC6805S2 MC680552
Clock = 27 MCU . MCU
Input EXTAL Either Crystal (See Figure &-7) (Resistor Mask
(TTL Compatible, or RC Mask EXTAL Option)
Low Impedance Option c
Source) L T
External Clock Approximately 10% to 25% Accuracy
External Resistor
(Excludes Resistor Tolerance)
NOTE:

The recommended C_ value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. For crystal fre-
quencies other than 4 MHz, the total capacitance on each pin should be scaled as the inverse of the frequency ratio. For example, with
2 MHz crystal, use approximately 50 pF on EXTAL and approximately 50 pF on XTAL. The exact value depends on the Motional-Arm
parameters of the crystal used.

Figure 5-6. Clock Generator Options
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Figure 5-7. Crystal Motional Arm Parameters and
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Figure 5-8. Typical Frequency Selection for Resistor Oscillator Option
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5.4 INTERRUPTS

The MC6805S2 MCU can be interrupted seven different ways: at reset, through the external inter-
rupt (INT1) input pin, the internal timer (either A or B) interrupt request, the SPI interrupt request,
the external port D bit 6 (INT2) input pin, and a software interrupt instruction (SWI).

The reset interrupt has priority over all other interrupts and is not maskable. It is serviced immediate-
ly at its occurrence independent of the instruction being executed (see 5.2 RESETS). All other inter-
rupts are maskable and do not cause the current instruction execution to be halted, but are con-
sidered pending until the current instruction execution is complete. Pending INT1, INTZ, timer A,
timer B, or SPI interrupts are acknowledged by the MCU only if the | bit in the condition code
register is clear.

When any interrupt (except reset) is acknowledged, processing is suspended following completion
of the current instruction being executed, the present MCU state is pushed onto the stack, the
interrupt bit (I bit) in the condition code register is set, the address of the interrupt routine is obtain-
ed from the appropriate interrupt vector address, and the interrupt routine is executed. Stacking the
CPU registers, setting the | bit, and vector fetching requires a total of 11 teyc periods for comple-
tion. Note that interrupts which are masked are latched internally for later interrupt service once the
mask bit(s) is (are) cleared. Refer to Figure 5-9 for a flowchart. The interrupt service routine must
end with a return from interrupt (RTI) instruction which allows the MCU to resume processing of
the program prior to the interrupt.

Table 5-1 provides a listing of the interrupts, their priority, and the address of the vector which con-
tains the starting address of the appropriate interrupt service routine. This priority applies to those
interrupts pending when the CPU is ready to accept an interrupt. In addition, each of these inter-
rupts, except INT1, have a separate mask bit which must also be cleared, in addition to the | bit, for
the MCU to acknowledge the interrupt. Specifically, the INTZ, timer A, timer B, and SPI interrupts
each have their own independent mask bits contained in MR6, TACR6, TBCR6, and SPICRG6,
respectively.

NOTE
The timer A, timer B, INT2, and SPI interrupts share the same vector address. The inter-
rupt routine must determine the source of the interrupt by examining the interrupt re-
quest bits, namely TACR7, TBCR7, MR7, and SPICR7. These bits are not automatically
cleared following interrupt servicing and must be cleared via software. The INT1 interrupt
has its own unique vector address. Therefore, the INT1 interrupt request is cleared auto-
matically when the INT1 vector is serviced.

Table 5-1. Interrupt Priorities

Interrupt Priority Vector Address
RESET 1 SFFE and $FFF
SWi 2+ $FFC and $SFFD
INTT 3 $FFA and $FFB
TIMER/INT2/SP! 4 $FF8 and $FF9

* Priority 2 applies when the | bit in the condition code register is set.
When 1=0, SWI has a priority of four (like any other instruction).
The priority of INT1 thus becomes two and the TIMER/INT2/SPI
becomes three.

5-8
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A
1==I{in CCR)
07F —SP
40— SPICR
FFFF=Timer B
7FFF — Prescaler 2 1
FO—DCRB ;
50— TBCR
FC=DDRC Ciear — Stack
0—DDRA INT1 INT1 PC, X, A, CC
CLR INT Logic Request g
FF—=Timer A Latch ;
7F —= Prescaler 1
50— TACR 1=
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*MR7¢MR6 + TACR7¢ TACR6 + TBCR7¢TBCRE+ SPICR7¢SPICR6
(INT2) (Timer A) (Timer B) (SP1)

Figure 5-9. Reset and Interrupt Processing Flowchart

A software interrupt (SWI) is an executable instruction which is executed regardless of the state of
the 1 bit in the condition code register. SWis are usually used as breakpoints for debugging or as

system calls.

The external interrupts, INT1 and INT2, are latched and/or sensed on the falling edge of the input
signal. Timer A and B interrupt request bits are set when these timers make transition to $00 and

$0000, respectively.
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A sinusoidal input signal (fiNT maximum) can be used to operate an external interrupt (INT1), as
shown in Figure 5-10, for use as a zero-crossing detector with hysteresis included. An interrupt re-
quest is generated for each negative-slope zero crossing of the ac signal. This allows applications
such as servicing time-of-day routines and engaging/disengaging ac power control devices. Off-
chip full wave rectification provides an interrupt at every zero crossing of the ac signal and thereby
provides a 2f clock.

60 Hz
180°
+5° 360°
INTY >t
0° -5° |

ZCD Interrupt | :

Detected Within | ' |
\ i This Window 1
nema I m—

Figure 5-10. Interrupt Timing

For digital applications, INT1 can be driven directly by a digital signal. The maximum frequency of a
signal that can be recognized by the timer and INT1 pin logic is dependent on the parameters
labeled tyy| and twH. The pin logic that recognizes the high (or low) state on the pin must also
recognize the low (or high) state on the pin, in order to re-arm the internal logic. Therefore, the
period can be calculated as follows: (assumes 50/50 duty cycle for a given period)

= period=——
teye X 2+ 250 ns= period freq

The period is not simply tw[, twH. This computation is allowable, but it does reduce the maximum
allowable frequency by defining an unnecessarily longer period (250 ns twice). See Figure 5-11. For
the INT1 function, the maximum allowable frequency is also determined by the software response
of the INTT service routine.

vee
ac (Current L 4.7k
(fINT Max.)  Limiting)
R=1Mg Level B wF  Mcesoss2
ac Input R Digital MCU
210 Vacpp Input
(a) Zero-Crossing Interrupt b) Digital-Signal Interrupt

Figure 5-11. Typical Interrupt Circuits (INT1)
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SECTION 6
INPUT/OUTPUT PORTS AND ANALOG-TO-DIGITAL CONVERTERS

This section describes the input/output pins, the port data registers, the miscellaneous register,
and the analog-to-digital converter.

6.1 INPUT/OUTPUT

There are 14 input or input/ output pins. The INT1 pin may also be polled with branch instructions to
provide an additional input pin. All pins on ports A, B, and C are programmable as either inputs or
outputs under software control of the corresponding data direction registers (DDRs). The port 1/0
programming is accomplished by setting the corresponding bit in the port DDR to a logic one for
output or a logic zero for input. On reset all the DDRs are initialized to a logic zero state, placing the
ports in the input mode. The port output registers are not initialized on reset and should be
initialized by software before changing the DDRs from input to output. When programmed as out-
puts, all I/0 pins read latched output data, regardiess of the logic levels at the output pin due to
output loading; refer to Figure 6-1 and Table 6-1.

CAUTION
The port data registers are not initialized during reset. The contents of these registers
should be written to a known state for any port pins that are expected to become out-
puts. This will avoid any spurious transitions before initializing the corresponding DDR
bits to the output mode.

Data
»—§ Direcuon Register
Bit*
2
= Latched
€9 Output 110
g g > Data ‘omy Pin
£ c 8
(=] 1t
o

]

Reg
Bit
-

\ Input
170
Data Pin
Direction | Output Input . . . vqer
Register | Data Output To *DDRis a vs{nte~only register and reads as all ““1s”".
Bit Bit State MCU **Ports A (with CMOS drive disabled), B, and C are three-state

ports. Port A has optional internal pullup devices to provide CMOS
drive capability. See Electrical Characteristics tables for complete
information.

1 0 0 o
1 3 1 1
0 x  |High-z**| Pin

Figure 6-1. Typical Port 1/0 Circuitry
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Table 6-1. Digital Input/Output Ports

input Output

Name | Number|{ Input | Output TTL Special TTL CMOS Comment
Port A 8 Yes Yes * »* *(a) a: If Pull-Up Option
Port B 4 Yes Yes *b) *(a) a: 10 mA Sink; Current Limited Source. PB1-PB3
LED can be programmed to open-drain configuration
Drive via PB DCR.

b: Hi-Z Input
Port C 2(b) Yes Yes *(a) » a: Hi-Z Input

b: Shared with EXT Timer Inputs
Port D 7(a) Yes No » 2: PD5 and PD4 Share a 15 kilohm resistor (typ)
INTT 1 Yes No * BIL/BIH Instruction

All input/output lines are TTL compatible as both inputs and outputs. Port A lines are CMOS com-
patible as outputs using a mask option. Ports B1, B2, and B3 can be software programmed to
operate as open-drain outputs. Port B, C, and D lines are CMOS compatible as inputs. When pro-
grammed as outputs, port B is capable of sinking 10 milliamperes and sourcing 1 milliampere on
each pin (TTL output state). Port D lines are input only; thus, there is no corresponding DDR.

Port D provides the multiplexed analog inputs, reference voltages, and INT2. All of these lines are
shared with the port D digital inputs. PDO-PD3 may always be used as digital inputs and may also be
used as analog inputs. The VR and VRH lines (PD4 and PD5) are internally connected by the A/D
resistor. Analog inputs may be prescaled to attain the VR| and VRH recommended input voltage
range.

Figure 6-2 provides some examples of port connections. The address map in Figure 2-1 gives the
addresses of data registers and DDRs.

CAUTION
The corresponding DDRs for ports A, B, and C are write-only registers (locations $004,
$005, and $006). A read operation on these registers reads as all ones. Since BSET and
BCLR are read-modify-write functions, they cannot be used to set a DDR bit (all unaf-
fected bits would be set). It is recommended that all DDR bits in a port be written using a
single-store instruction.

The latched output data bit may always be written. Therefore, any write to a port writes all of its
data bits even though the port DDR is set to input. This may be used to initialize the data registers
and avoid undefined outputs. However, care must be exercised when using read-modify-write in-
structions since the data read corresponds to the pin level if the DDR is an input (zero) and cor-
responds to the latched output data when the DDR is an output (one).
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(a) Output Modes
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21
b Pe3| 14
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-
18 1.6 mA PB1 12
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16
Port A, bit 7 programmed as output, driving CMOS
15 loads and bit 4 one TTL load directly (using CMOS
output option).
L~
-V

PB3 4
14
13 10 mA PB2 13
1< A\ N pa1| 12
11 PBO I

T
-« 10mA __—

MC74LS04 (Typical)

Port B, bit 0 and bit 1 programmed as output, driving
LEDs directly.

llo = HEg®ip

10mA

2N6386
(Typical)

Port B, bit 3 programmed as output, driving Darhing-
ton-base directly.

vee

CMOS
Iinverter

YvYVY

MC14049/ 14069 ( Typical)

(b) Input Modes

+>— 22 PA7
. 21 |eas
. 20 |ras
. 19 |Pasa
: 18 |PA3
. 17 |PA2
: 16 |PAl
—>—Do— 15 PAO
TTL driving Port A directly
"1
> ‘ >° 3 |PCt
MC74LS04 2 PCo
(Typical) ,...,-\JJ"

CMOS and TTL driving Port C directly

MC74LS04 or MC14069
{Typicall

Port B, bits 1-3, programmed as open-drain
outputs, driving CMOS loads using external
pull-up resistors.

1. |pBa
13 |Ps2
12 |eB1
PBO

CMOS or TTL driving Port B directly

M
ANO: 10 | PDO/AND
ANT-3 9 |PDI/ANI
ANZ-» & |PD2/AN2
an3-»{ 7 | PD3/AN3
ov— 6 |VmL
~5v— B VRH
4 PD6/INT2
A’

Port D used as 4-channel A/D input

Figure 6-2. Typical Port Connections
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6.2 PORT B TOGGLE CAPABILITY

Port B1 and BO data registers have toggle capability at the timer underflow times. Under the control
of the timer output cross-couple bit in the miscellaneous register, (MRO0), the overflow pulses from
timer A and timer B are directed to port B1 and BO data registers. (See Figures 6-3 and 6-4.)

An incoming toggle pulse on poft BO is allowed to toggle the data register if port B DCR bit 4
(DCR4) is cleared. At reset this bit is set. An incoming toggle pulse on port B1 is allowed to toggle
the port B1 data register under the following conditions governed by control bits in SPI control
register and SPI clock arbitration flip-flop status.

PB1 toggle enable = (SPICR/*SPICR4e(PBO+ DDRBO) + SPICR2¢SPICR4)eCLAQ
where: SPICR7=SPI interrupt request bit
SPICR4 = SPI operation enable bit
SPICR2=port B1 toggle enable/start bit
CLAQ=clock arbitration flip-flop output

When PB1 toggle enable is asserted, MCU write to PB1 data register is inhibited. When SP1 is not
used, SPICR4 and CLAQ are reset. Therefore, SPICR2 can directly control the port B1 toggle
capability. (See 4.6 SERIAL PERIPHERAL INTERFACE OPERATION.)

Port B3
Open Drain
MCU—3>{ Enable Bit
DCR B7 .

DDR
MCU —3» Bit
DDR B3 4

SPI Output Strobee SPICR3
SPI i Output Input
MSB Sa‘t): __[ Register ) 3
MCU—3] Latch Bit Bit

MCU (SPICR3)
(SPICR4)—* vy

Port B2 (SPICRT) Data fgg;;ranon

Open Drain =
MCU —> Enable Bt |— b A A emeoord
DCRBS

*Write Only Register

Typical

Output
Buffer DATA-DDR-{

DDR

MCU —3> Bit

DDR B2 « )
1SP! Output Strobee SPRICR3 Output

Pl Buffer
ﬁss—l_]—" Output Data { KO]PM
in

MCU —3 LeTch Bit Y I mp&ﬁ/
nput eglster 14
MCU <€ l j \ngauffer

Figure 6-3. Port B Configuration (Sheet 1 of 2)
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