4\ Freescale Semiconductor, Inc.

Order this data
sheet by MC6805S2/D

_ MC6805S2
Advance Information MC6805S3

8-Bit Microcomputers MC68705S3

This document contains information on a new product. Specifications and information herein are subject to change without notice.

-

> freescale*

senTwconduchor

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


RXZB30
Rectangle

RXZB30
Rectangle

RXZB30
logo


Freescale Semiconductor, Inc.

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



Freescale Semiconductor, Inc.

Introduction

Signal Description,
Memory, CPU, and Registers

Timers

Serial Peripheral Interface

Self-Check, Resets, Clock
Generator Options, and Interrupts

Input/Output Ports and
Analog-to-Digital Converter

Software and
Instruction Set

Electrical Specifications

Ordering Information

Mechanical Data

MC6805S3

MC68705S3

MC680552/MC6805S3 Emulation

—

~ w -
iiiiiiliiilil

For More Information On This Product,

Go to: www.freescale.com



= (= s 5 (] t 0 y 4
—t
(@] o ~ -l [ |

Freescale Semiconductor, Inc.

Introduction

Signal Description,
Memory, CPU, and Registers

Timers

Serial Peripheral Interface

Self-Check, Resets, Clock
Generator Options, and Interrupts

Input/Output Ports and
Analog-to-Digital Converter

Software and
Instruction Set

Electrical Specifications

Ordering Information

Mechanical Data

MC6805S3

MC68705S3

MC6805S2/MC6805S3 Emulation

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



4\ Freescale Semiconductor, Inc.

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.

Ttre 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.
e appendices contain unique/specific information applicable to the MC6805S3 MCU and
M4C68705S3 EPROM MCU devices.

DEVICE DESCRIPTIONS

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

hHe MC68705S3 EPROM MCU device is an erasable programmable read-only memory (EPROM)
\iersion of the MC68056S52/MC6805S3 MCU devices and is used to emulate either of these devices
i"low 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
vactor 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
MICU is also applicable to the MC68705S3 EPROM MCU. Difference information applicable to the
%C68705S3 EPROM MCU is provided in Appendix B of this document. Emulation information is
povided in Appendix C of this document.
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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

THe MC6805S2 MCU device (shown in Figure 1-1) contains a CPU, on-chip clock, ROM, RAM,
1781, 4-channel 8-bit analog-to-digital (A/D) converter, three timers, two programmable prescalers,
aW"a serial peripheral interface. It is designed for the user who needs an economical microcomputer
withnthe proven capabilities of the M6800-based instruction set.

Tte 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
wii several exceptions. These exceptions include 3720 user ROM bytes (3712 user bytes and eight
intesrupt vector bytes), 104 RAM bytes, and an additional timer. Information throughout this
dc=ument pertaining to the MC6805S2 MCU is also applicable to the MC6805S3 MCU. Difference
iniarmation applicable to the MC8805S3 MCU is provided in Appendix A of this document.

THe) MCB8705S3 EPROM MCU device is an erasable programmable read-only memory (EPROM)
vergion of the MCB805S2/MC6805S3 MCU devices and is used to emulate either of these devices
in.'aw volume applications. The MC68705S3 device is similar to the MC6805S2 device with several
ex~aptions. 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,
a..c an additional timer circuitry. Information throughout this document pertaining to the MC6805S2
M&U is also applicable to the MC68705S3 EPROM MCU. Difference information applicable to the
Mi-68705S3 EPROM MCU is provided in Appendix B of this document. Emulation information is
piiivided 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

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

® Three Bidirectional |/0O Lines with TTL or Open-Drain Interface (Software Programmabie)

9 Auxiliary Counter with “Watchdog”” Reset Feature

9 5-Volt Single Supply

1S, SOFTWARE FEATURES

e following are some of the software features of the MC6805S2 MCU.
4 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

4309 S

1{4) USER SELECTABLE OPTIONS

Tl following are user selectable options of the MC8805S2 MCU.
O Eight Bidirectional 1/0 Lines with TTL or TTL/CMOS Interface Option
o Crystal or Low-Cost Resistor Oscillator Option
9 Low Voltage Inhibit Option
) Vectored Interrupts: Timer/SPI, Software, and External
9 16-Bytes Standby RAM Option
9 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.

245 Vg and Vss

Peawver is supplied to the MCU using these two pins. VCC is power and Vss is the ground
connection.

202 INT1 and INT2

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

2.2:3 XTAL and EXTAL

Tliese pins provide control input for the on-chip clock oscillator circuit. A crystal, a resistor, or an
extérnal signal, depending on the user selected manufacturing mask option, can be connected to
theze pins to provide a system clock source with various stability/ cost tradeoffs. Lead length and
st:ay 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

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

2.0.5 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-
Mmauon.
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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

Aund
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Timers, RAM
(128 Bytes)

170, A/D, SPI,

Page 0 ROM
(128 Bytes)

J Not Used
o (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
perwnanently configured to 0000011. Subroutines and interrupts may be nested down to location
$05% (31 bytes maximum) which allows the programmer to use up to 15 levels of subroutine calls
(lezs if interrupts are allowed).

2.4:5 Condition Code Register (CC)

THelcondition code register is a 5-bit register in which four bits are used to indicate the results of the
irdaluction just executed. These bits can be individually tested by a program and specific action
talen 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) — Set during ADD and ADC operations to indicate that a carry occurred
befidre bits 3 and 4.

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

2,45.3 NEGATIVE (N) — When set, this bit indicates that the result of the last arithmetic, logical,
or(liata manipulation was negative (bit 7 in the result is a logic one).

2.405.4 ZERO (Z) — When set, this bit indicates that the result of the last arithmetic, logic, or data
miJipulation was zero.

2 4.5.5 CARRY/BORROW (C) — When set, this bit indicates that a carry or borrow out of the
aiuimetic logic unit (ALU) occurred during the last arithmetic operation. This bit is also affected
during bit test and branch instructions plus shifts and rotates.

2-5/2-6
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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
¥ Pipeline Latch
~C1
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

3-2

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



4\ Freescale Semiconductor, Inc.

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.

313 Auto-Loading
Auto-loading of the modulus latch occurs whenever the timer reaches the $00 state. This mode is
inuependent 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.

Tirmer A may be read at any time without disturbing the countdown mechanism of the timer. At
rec=t, 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
alluated 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

[TACR3]

[MR7]e[MR6} T3 | |

Interrupt | [
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
Set under program control. When set, selects the input clock source for prescaler 1 to
be the PRESCALER1/PCO input, otherwise the internal clock (fosc divided by four) is
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.
TECR2] Prescaler 1 Division Ratio Control Bits
TACR1¢ Set or cleared under program control, also cleared at reset. When set, these bits select
T%CROJ 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
3% TIMER B

Té=her B is a 16-bit timer which is accessed via two registers at $0B for the most-significant byte
{("vSB) and $0C for the least-significant byte (LSB) (refer to Figure 3-5). Included within the MSB of
o Mer B is a “pipeline” 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.
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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.

TBCRS  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

TOCR3{ Prescaler 2 Division Ratio Control Bits

T2CR2} Set or cleared under program control. When set, these bits select one of the 16 possible
THCR1| outputs on prescaler 2. All bits are cleared at reset.

T=CRO

*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
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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 seturn 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
ceenter time out so as not to aliow a forced reset. If program runaway does occur, it is likely that
reaular presetting of the auxiliary counter will not take place, and an underflow will force the MCU
to regain control. (See Figure 3-7.)
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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-
cu; 3 via port B (see Figure 4-1).

Th= SPI consists of:

2) an 8-bit shift register (MSB out first; MSB in first) which may also be used as an SPI data

register,

0) a divide-by-eight counter,

C) slave select/arbitration logic,

¢) an SPI control register, and

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

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

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

2) two wire — half duplex,

¢) two wire — half duplex with clock arbitration,

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

2) three wire — full duplex,

5, three wire — full duplex with clock arbitration, and

%) four wire — full duplex with slave select/busy line.

4. SPI TERMINOLOGY

Tie following explanations are provided to facilitate user understanding of the various operating
122des 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.
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Figure 4-2. SPI Operation (Example: Clock Slave Mode)
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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

TPICR5 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 SPI DATA REGISTER

This register can be written into at any time. It can be read ““on the fly’" irrespective of serial opera-
uon 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.

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

<.5 SPI DIVIDE-BY-EIGHT COUNTER

This counter is cleared during SPI deselect or idle modes. It counts at every data input strobe during
ile SPI active transaction mode. At overflow, it sets SPICR7, which in turn puts the SPl in the idle
mode and blocks all data input and output strobes. This counter is also cleared when the slave
sulect 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-
“nronization 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)
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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.

1.11.1 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).

1.11.2 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
breviously, 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
~lock 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
sther(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
oy toggling during the toggle puise. 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. |f 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 puise 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
to 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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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
Reset

Reset Y 1 1
L] L) T
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 ﬂ
b) FFFF  Timer B Control Register

o) 7F Prescaler 1 j) 00 Port A Data Direction Register*

d) 7FFF  Prescaler 2 k) FC Port C Data Direction Register”

¢) 50 Timer A Control Register ) FO Port B Data Control Register”

£ 50 Timer B Control Register m) 1 Interrupt (Mask Bit | in

g) 50 Miscellaneous Register Condition Code Register)

a) 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-
Jp. 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

8.0
7.0
6.0
5.0
4.0
3.0

Oscillator Frequency (MH2)

2.0
1.0

Suggested PC Board Layout

10 20 30 40 50 60
Resistance (kQ)

70 80

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==l{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=
50— MR ) (CCR)
07— ACSR Timer A, 8,
INT2, SPI v
Load PC From:
Put FFE on SWI: FFC/FFD
Address Bus INT: FFA/FFB
TIMER A, TIMER B,
SPI or INT2:
Fetclj FF8/FF9
Instruction
RESET
Pin=Low
RESET PC—PC~ 1

Load PC
from
FFE/FFF
& Execute All
] Instruction
Cycles

*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.

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



A Freescale Semiconductor, Inc.

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 Withinl | |
\ 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

6-1

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



A Freescale Semiconductor, Inc.

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

PA7 2 (CMOS Loads) l‘o= .
Pag| 2

20 14
i 19 (1 TTL Load) ;Ba e B

4

PA - P, 82 10mA

1 1.6 mA 12
PA3 PB1 INE36
pa2| 17 PgO| 11 (Typicah
PAY 16

Port A, bit 7 programmed as output, driving CMOS -~
paoj 15 loads and bit 4 one TTL load directly (using CMOS =
tion).
e ourput oPH Port B, bit 3 programmed as output, driving Darling-

ton-base directly.

-V vee
<

P 4
pe3| 12 83 cMOos
a2 = 10 mA PB2 13 Inverter
P

- € \}* \\ PB1 2 MC14049/ 14069 ( Typical)

PB1

PBO k
PBO| 1T |

YvYVY

<« 10 mA

. . T Port B, bits 1-3, programmed as open-drain
Port B, bit 0 and bit 1 programmed as output, driving outputs, driving CMOS loads using external
LEDs directly. .

pull-up resistors.

(b) Input Modes

+>— 22 PA7
. 21 |eas
. 20 |ras MC74LS04 or MC14069 e
MC74LS04 (Typicall = L (vt : 1 |eee
. 18 |PA3 : 13 |Ps2
: 7 |PA2 . 12 |PB1
. 16 |PA1 *—Do— 11 |PBO
—>—Do— 15 |PAO
CMOS or TTL driving Port B directly
TTL driving Port A directly
M
ANO! 10 | PDO/ANO
AN 9 PD1/AN1
AN 8 PD2/AN2
AN3» 7 | PD3/AN3
e S ov— 6 |VmL
‘>__>)_ 3 (P2 ~5v—{ 5 |vay
MC74LS04 2 |PCo 4 PDB/INT2
(Typical) »—f\r’ V\_,_,.)
CMOS and TTL driving Port C directly 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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Port B1 * * Timer Overflow
Toggle* Output Open
Enable — Drain Bit
DCR BS
MCU »—— DDR x
Bit L
—>» DDR B
Outpu’t
MCU »t+——{ Data Latch <—J IJ' 7S
Bit
I } Pin IPB1

Output

Input
Buffer

Synchronization —

(SPICRS)
SPI
Clock

Clock
(SPICR1) «——— Arbitration DDR B1
Logic >3 PBO

Port BO
Toggle X
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DDR B4

Timer Overflow J L

DDR x
MCU ———3 Bit
DDR BO

Qutput
MCU —& Data Latch

Output

g
; 0
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} 170 I
_ ' Pin PBO

Input Input
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MCU =€ : Bit -
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x Write Only Register

Figure 6-3. Port B Configuration (Sheet 2 of 2)
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(Write Only Register: All Bits Read as 1)
| ocr7 | ocrs | ocms | ocrs | ooms | oorz | oori | ooro | soos

Data Direction

DCR7 — PB3 Quiput Buffer Open Drain Enable
DCR6 — PB2 Quiput Buffer Open Drain Enable
DCRS — PB1 Output Buffer Open Drain Enable
DCR4 — PBO Toggle Enable
DDR3 — PB3 Output Mode
DDR2 — PB2 OQutput Mode
DDR1 — PB1 Quiput Mode
DDRO — PBC Qutput Mode

Figure 6-4. Port B Data Control Register

Port toggle capability allows action on port BO or B1 or both as a result of timer overflows. This
speeds up timer overflow to port service, compared to the normal program controlled method, and
is very useful in critical real-time related applications.

Toggle capability on port B1 is fundamental for SPI operation in the clock master mode, where the
clock pulses are generated by the MCU using this feature as controlled by one of the two available
timers.

A write to port BO or B1 data registers is inhibited while the individual port toggle enable is asserted.
This allows a write to other port B data registers without disturbing the toggle feature of the
selected port line.

6.3 PORT B DATA CONTROL REGISTER

The port B data control register consists of four status bits (DCR7 through DCR4) and four data
direction bits {DCR3 through DCR0). DCR7, DCR6, and DCR5 are respectively port B3, B2, and B1
open-drain output control bits. These bits are set at reset or under program control and cleared
under program control. When clear, the port output buffers operate in the open-drain mode, if the
port lines are in the output mode. When set, the port output buffers operate in the push-pull mode.

DCR4 is a toggle enable control bit for port BO. This bit is set at reset or under program control and
cleared under program control. When cleared, the timer overflow pulse causes the data register on
port BO to toggle.

When PBO toggle enable is asserted by clearing DCR4, MCU write to the PBO data register is
inhibited.

DCR3, DCR2, DCR1, and DCRO are respectively the port B3, B2, B1, and BO data direction
registers.

6.4 PORT A AND C DATA DIRECTION REGISTERS

Port A has an 8-bit and port C has a 2-bit wide data direction register. All bits are cleared at reset to
the input mode. These registers are write only; they read as $FF.

6-6
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6.5 MISCELLANEOUS REGISTER

The miscellaneous register (shown below), at memory location $0A, contains control and status in-
formation related to INT2, auxiliary counter, prescaler 1 and 2, and timer overflow.

MR7

MR6

MR5

MR4

MR3

MR2

I MR7 LMRGJ MRS | MR4 i MR3 l MR2 l MR1 lMRO l $0A

TNT2 Interrupt Request Bit

This bit is set when a negative edge is detected on INTZ pin. If not masked by INTZ inter-
rupt mask bit, (MR6) it causes an interrupt request to the MCU. If the | bit in the condition
code register is clear, the MCU will acknowledge interrupt by executing the interrupt pro-
cedure. The interrupt vector is fetched from address $FF8 and $FF9. This bit is cleared
under program control or at reset.

INT2 Interrupt Request Mask
This bit is set at reset or under program control. When set, it inhibits the INT2 interrupt
request from being acknowledged by the MCU. MR6 is cleared under program control.

Auxiliary Counter Status/Preset Bit

This bit is set whenever the auxiliary counter overflows. If it is not masked by the auxiliary
counter reset mask MR4, it will drive a switch to VSS on the RESET pin causing an MCU
reset. This bit is cleared at reset or under program control. MR5 may be used as an
auxiliary counter preset bit. If MR5 is clear it is possible to preset the auxiliary counter by
writing a logic one to MR5. If MR5 is set (i.e., the auxiliary counter has already over-
flowed at least once) a logic zero written to MR5 clears the MR5 bit and presets the
auxiliary counter. MR5 is cleared at reset. Refer to Figure 3-7 for auxiliary counter timing
information.

Auxiliary Counter Reset Mask Bit
This bit is set at reset or under program control. When set, it inhibits activation of the
reset switch controlled by MR5 on the RESET pin. MR4 is cleared under program control.

Prescaler 1 Clear Bit
This bit is used to preset the contents of prescaler 1 to $7F. This bit reads as a zero. In
order to preset prescaler 1, a logic one must be written into MR3.

Prescaler 2 Clear Bit

This bit is used to preset the contents of prescaler 2 to $7FFF. This bit reads as a zero. In
order to preset prescaler 2, a logic one must be written into MR2.

6-7
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MR1 Prescaler Cross-Couple Bit
This bit controls the outputs of prescalers 1 and 2 and directs them to either timer A or
timer B clock inputs. This bit is cleared at reset or under program control and set under
program control. When MR1 is clear the output of prescaler 1 is used as a clock input of
timer A and the output of prescaler 2 is used as clock input for timer B. When MR1 is set,
outputs of the prescalers are cross-coupled. Thus, prescaler 1 feeds the timer B clock in-
put and prescaler 2 feeds the timer A clock input.

To avoid truncation errors at the time of cross coupling, both prescalers may be preset by
writing a one to MR3 and MR2 simultaneously.

MRO Port B Toggle Cross-Couple Bit
This bit controls the overflow pulses of timers A and B and directs them to either port B1
or BO. This bit is cleared at reset or under program control and set under program control.
When MRO is clear, the overflow output pulse of timer A is used as a port B1 data register
toggle clock source. Similarly, the timer B overflow output pulse is directed to port BO
toggle clock input.

When MRO is set, timer A overflow output is directed to port BO and timer B output is
directed toward port B1.

6.6 ANALOG-TO-DIGITAL CONVERTER (A/D)

The MCB805S2 microcomputers have an 8-bit analog-to-digital (A/D) converter implemented on
the chip using a successive approximation technique. Up to four external analog inputs, via port D,
are connected to the A/D through a multiplexer. Four internal analog channels may be selected for
calibration purposes (VRH-VRL, VRH-VRL/2, VRH-VRL/4, and VRL). The accuracy of these inter-
nal channels will not necessarily meet the accuracy specifications of the external channels.

A fifth external analog input (AN4) is available via mask option. When selected, it replaces the VRH
internal channel. Due to signal routing, the accuracy of this fifth channel may be slightly less than
ANO-ANS. The fifth A/D channel could be used to conveniently monitor the standby RAM supply
voltage, as an example.

The multipiexer selection is controlled by the A/D control register (ACR) bits 0, 1, and 2.
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Whenever the ACR is written, the conversion in progress is aborted, the conversion complete flag
(ACR bit 7) is cleared, and the selected input is sampled for five machine cycles and held internally.
During these five cycles the analog input will appear approximately like a 25 picofarads (maximum)
capacitor charging through a 2.6 kilohm resistor, typical (see Figure 6-5).

Device 2.6 kQ (Typical)
Analog O- AN
Input I
25 pF (Max.)
Channel I
Select —— Virtual
— Ground

Figure 6-5. Effective Analog Input Impedance
(During Sampling Only)

The converter operates continuously using 30 machine cycles to complete a conversion of the
sampled analog input. When the conversion is complete, the digitized sample of digital value is
placed in the A/D result register (ARR), the conversion complete flag is set, the selected input is
sampled again, and a new conversion is started.

The A/D is ratiometric. Two reference voltages (VRH and VRL) are supplied to the converter via
port D pins. An input voitage equal to VRH converts to $FF (full scale) and an input voitage equal to
VRL converts to $00. An input voltage greater than VRH converts to $FF and no overflow indication
is provided. Similarly, an input voltage less than VR|_, but greater than VS converts to $00. Maxi-
mum and minimum ratings must not be exceeded. For ratiometric conversion, the source of each
analog input should use VRH as the supply voltage and be referenced to VRL. To maintain the full
accuracy on the A/D, VRH should be equal to or less than VDD, VRL should be equal to or greater
than VSS but less than the maximum specification and (VRH-VRL) should be equal to or greater
than 4 volts.

The A/D has a built-in %2 LSB offset intended to reduce the magnitude of the quantizing error to
+ % LSB, rather than +0, — 1 LSB with no offset. This implies that, ignoring errors, the transition
point from $00 to $071 occurs at 2 LSB above VR|_. Similarly, the transition from $FE to $FF occurs
1.5 LSB below VRH, ideally. Refer to Figures 6-6 and 6-7.

6-9

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



Converter
Output
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FF -
FE -
FD-
FC
FB
FA-
Fo
F8

7
6=
5+
4=
3
2=
1=

Freescale Semiconductor, Inc.

Error Convention
+2LSB's

+1LSB
+% LS8
—

0 T T T T T T N T T T Vin

T T T
VRL Tx  2x  3x 4x  5x  6x 250x 251x 252x 253x 254x 265x VRH

1
X=Ses. (VRH—VRL)=1LSB

Figure 6-6. Ideal Converter Transfer Characteristic
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Offset Full
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VRL > e
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Figure 6-7. Types of Conversion Errors
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On release of reset the A/D control register (ACR) is cleared therefore after reset channel zero will
be selected and the conversion complete flag will be clear. Refer to Figure 6-8 and Table 6-2.

8
D/A L I ¢
ontrol
15k (Typ.) - comp Logic Count
VWA >+
A A A A
PDS/VRH —e | VRH/Z
PD4/VR| VRH/4
2R l
PDO/ANO — 1-0f8
PD1/ANT — Select
PD2/AN2 — Multiplexer
PD3/AN3 — //
INT2/PD6/AN4 8
AN O 2
A/D = I E A/D
Control | G S1c1 3] Result
Register L< <1<} < Register
($00E) ($00F)
Figure 6-8. A/D Block Diagram
Table 6-2. A/D Input Mux Selection
A/D Control Register A/D Output (Hex)
ACR2 ACR1 ACRO | Input Selected Min Typ Max
0 -0 0 ANO
0 0 1 AN1
0 1 [¢] AN2
0 1 1 AN3
‘| 0 0 VRH** FE*Q FF&Q FF*%
1 0 1 VRL* 0 00 o
1 1 0 VRH/4* 3F 40 4
1 1 1 VRH/2* 7F 80 81
*Internal (calibration) levels

** AN4 may replace the VRH calibration channel if selected via mask option.
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SECTION 7
SOFTWARE AND INSTRUCTION SET

This section describes the software and instruction set for the MC6805S2.

7.1 SOFTWARE
The following paragraphs describe the software available to the user.

7.1.1 Bit Manipulation

The MC8805S2 MCU has the ability to set or clear any single RAM or input/output bit (except the
data direction registers; see Caution under INPUT/OUTPUT) with a single instruction (BRSET,
BCLR). Any bit in page zero, including ROM except the DDRs, can be tested using the BRSET and
BRCLR instructions and the program branches as a result of its state. The carry bit (C) equals the
value of the bit referenced by BRSET or BRCLR. The capability of working with any bit in RAM,
ROM, or I/0 allows the user to have individual flags in RAM or to handle single I/ O bits as control
lines.

The coding example in Figure 7-1 illustrates the usefulness of the bit manipulation and test instruc-
tions. Assume that the MCU is to communicate with an external serial device. The external device
has a data ready signal, a data output line, and a clock line to clock data one bit at a time, LSB first
out of the device. The MCU waits until the data is ready, clocks the external device, picks up the
data in the carry flag (C bit), clears the clock line, and finally accumulates the data bit in @ RAM
location.

Mcu
* BRSET 2,PORTA, * WAIT FOR READY e PYS
ial
BSET 1, PORTA CLOCK NEXT BIT IN g‘:‘::ze Clock g
BRCLR 0. PORTA, NEXT  PICKUP BIT IN C-BIT < 1
NEXT  BCLR 1, PORTA RETURN CLOCK LINE HIGH T
ROR RAMLOC MOVE C-BIT INTO RAM SN

Figure 7-1. Bit Manipulation Example
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7.1.2 Addressing Modes

The MC6805S2 MCU has ten addressing modes available for use by the programmer. They are ex-
plained briefly in the following paragraphs. For additional details and graphical illustrations, refer to
the MB805 HMOS/M146805 CMOS Family Users Manual.

The term “effective address” (EA) is used in describing the addressing modes. EA is defined as the
address from which the argument for an instruction is fetched or stored.

7.1.2.1 IMMEDIATE. In the immediate addressing mode, the operand is contained in the byte im-
mediately following the opcode. The immediate addressing mode is used to access constants which
do not change during program execution (e.g., a constant used to initialize a loop counter).

7.1.2.2 DIRECT. In the direct addressing mode, the effective address of the argument is contained
in a single byte following the opcode byte. Direct addressing allows the user to directly address the
lowest 256 bytes in memory with a single two-byte instruction. This address area includes all on-
chip RAM and 1/ 0 registers and 128 bytes of ROM. Direct addressing is an effective use of both
memory and time.

7.1.2.3 EXTENDED. In the extended addressing mode, the effective address of the argument is
contained in the two bytes following the opcode. Instructions with extended addressing mode are
capable of referencing arguments anywhere in memory with a single three-byte instruction. When
using the Motorola assembler, the user need not specify whether an instruction uses direct or ex-
tended addressing. The assembler automatically selects the shortest form of the instruction.

7.1.2.4 RELATIVE. The relative addressing mode is only used in branch instructions. In relative ad-
dressing, the contents of the 8-bit signed byte following the opcode (the offset) is added to the PC
if, and only if, the branch condition is true. Otherwise, control proceeds 10 the next instruction. The
span of relative addressing is from — 126 to + 129 from the opcode address. The programmer need
not worry about calculating the correct offset if he uses the Motorola assembler, since it calculates
the proper offset and checks to see if it is within the span of the branch.

7.1.2.5 INDEXED, NO OFFSET. In the indexed, no offset addressing mode, the effective address
of the argument is contained in the 8-bit index register. Thus, this addressing mode can access the
first 266 memory locations. These instructions are only one byte long. This mode is often used to
move a pointer through a table or to hold the address of a frequently referenced RAM or 1/0
location.

7.1.2.6 INDEXED, 8-BIT OFFSET. In the indexed, 8-bit offset addressing mode, the effective ad-
dress is the sum of the contents of the unsigned 8-bit index register and the unsigned byte following
the opcode. This addressing mode is useful in selecting the kth element in an n element table. With
this two-byte instruction, k would typically be in X with the address of the beginning of the table in
the instruction. As such, tables may begin anywhere within the first 256 addressable focations and
could extend as far as location 510 ($1FE is the last location at which the instruction may begin).

7-2
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7.1.2.7 INDEXED, 16-BIT OFFSET. In the indexed, 16-bit offset addressing mode, the effective ad-
dress is the sum of the contents of the unsigned 8-bit index register and the two unsigned bytes
following the opcode. This addressing mode can be used in a manner similar to indexed, 8-bit offset
except that this three-byte instruction allows tables to be anywhere in memory. As with direct and
extended, the Motorola assembler determines the shortest from of indexed addressing.

7.1.2.8 BIT SET/CLEAR. In the bit set/clear addressing mode, the bit to be set or cleared is part of
the opcode, and the byte following the opcode specifies the direct address of the byte in which the
specified bit is to be set or cleared. Thus, any read/write bit in the first 2566 locations of memory, in-
cluding 1/0, can be selectively set or cleared with a single two-byte instruction. See Caution under
6.1 INPUT/OUTPUT.

7.1.2.9 BIT TEST AND BRANCH. The bit test and branch addressing mode is a combination of
direct addressing and relative addressing. The bit which is to be tested and condition (set or clear) is
included in the opcode, and the address of the byte to be tested is in the single byte immediately
following the opcode byte. The signed relative 8-bit offset in the third byte is added to the PC if the
specified bit is set or cleared in the specified memory location. This single three-byte instruction
allows the program to branch based on the condition of any readable bit in the first 256 locations of
memory. The span of branching is from — 125 to + 130 from the opcode address. The state of the
tested bit is also transferred to the carry bit of the condition code registers. See Caution under 6.1
INPUT/OQUTPUT.

7.1.2.10 INHERENT. In the inherent addressing mode, all the information necessary to execute the
instruction is contained in the opcode. Operations specifying only the index register or accumulator,
as well as control instruction with no other arguments, are included in this mode. These instructions
are one byte long.

7.2 INSTRUCTION SET

The MC6805S2 MCU has a set of 59 basic instructions, which when combined with the 10 address-
ing modes produce 207 usable opcodes. They can be divided into five different types: register/
memory, read-modify-write, branch, bit manipulation, and control. The following paragraphs
briefly explain each type. All the instruction within a given type are presented in individual tables.

7.2.1 Register/ Memory Instructions

Most of these instructions use two operands. One operand is either the accumulator or the index
register. The other is obtained from memory using one of the addressing modes. The jump uncon-
ditional (JMP) and jump-to-subroutine (JSR) instructions have no register operand. Refer to
Table 7-1.
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7.2.2 Read-Modify-Write Instructions

These instructions read a memory location or a register, modify or test it contents, and write the
modified value back to memory or to the register; see Caution under 6.1 INPUT/OUTPUT. The test
for negative or zero (TST) instruction is included in the read-modify-write instruction though it does
not perform the write. Refer to Table 7-2.

Table 7-2. Read-Modify-Write Instructions

Addressing Modes
Indexed Indexed
Inherent (A) Inherent (X) Direct (No Offset) {8 Bit Otffset)
Op 5 8 Op # F3 Op 2 # Op & F] Op 8 #
F ‘ M ic | Code|Bytes| Cycles| Code|Bytes| Cycles|Code|Bytes| Cycles | Code|Bytes | Cycles | Code |Bytes| Cycles

Increment INC 4ac 1 4 5C 1 4 3C 2 "6 7C 1 6 6C 2 7

Decrement DEC 4A 4 5A 1 4 3A 2 6 7A 1 6 6A | 2 7

[ Clear CLR aF | 1 2 | 5F | 1 2 | 3F | 2 6 7F | 1 6 6F | 2 7

Complement coM 43 1 4 53 1 4 33 2 6 73 1 6 63 2 7

Negate

{2's Complement) NEG 40 1 4 50 1 4 30 2 [} 70 1 6 60 2 7

Rotate Left Thru Carry ROL 49 1 4 59 1 4 39 2 6 79 1 6 69 2 7

Rotate Right Thru Carry ROR 46 1 4 56 1 4 36 2 6 76 1 6 66 2 7

Logical Shift Left LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7

Logical Shift Right LSR 44 1 4 54 1 I3 34 2 6 74 1 6 64 2 7

Arthmeunc Shift Right ASR 47 1 4 57 1 4 37 2 6 77 1 6 67 2 7
Test for Negative

or Zero ST 4D 1 a 5D 1 4 30 2 6 70 1 6 60 2 7

7-5
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7.2.3 Branch Instructions

The branch instructions cause a branch from the program when a certain condition is met. Refer to
Table 7-3.

Table 7-3. Branch Instructions

Relative Addressing Mode
Op # #
Function Mnemonic | Code Bytes | Cycles
Branch Always BRA 20 2 4
Branch Never BRN 21 2 4
BranchIFFHigher BHI 22 2 4
BranchIFF Lower or Same BLS 23 2 4
Branch IFFCarry Clear BCC 24 2 4
(BranchiFFHigher or Same)| (BHS) 24 2 4
Branch IFFCarry Set BCS 25 2 4
(Branch IFF Lower) (BLO) 25 2 4
BranchIFFNot Equal BNE 26 2 4
BranchIFFEqual BEQ 27 2 4
Branch IFF Half Carry Clear BHCC 28 2 4
BranchIFFHalf Carry Set BHCS 29 2 4
BranchIFF Plus BPL 2A 2 4
BranchIFF Minus BMI 2B 2 4
Branch IFFinterupt Mask
Bit 1s Clear BMC 2C 2 4
BranchlIFF Interrupt Mask
Bit i1s Set BMS 20 2 a4
BranchIFFinterrupt Line
1s Low BIL 2E 2 4
BranchiFFinterrupt Line
1s High BIH 2F 2 4
Branch to Subroutine BSR AD 2 8
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7.2.4 Bit Manipulation Instructions

The instructions are used on any bit in the first 256 bytes of memory; see Caution under 6.1 INPUT/
OUTPUT. One group either sets or clears. The other group performs the bit test and branch opera-
tions. Refer to Table 7-4.

Table 7-4. Bit Manipulation Instructions

Addressing Modes
Bit Set/Clear Bit Test and Branch
Op # & Op & E
Function Mnemonic Code Bytes| Cycles| Code Bytes| Cycles
Branch IFF Bit n s set BRSETn(n=0 7 - - - 2en 3 10
Branch IFF Bit nisclear | BRCLRn(n=0 7 - - - 01 +2en 3 10
Set Bit n BSETn(n=0 7) 10+ 2en 2 7 — — -
Clear bit n BCLRn(n=0 7) 11+ 2en 2 7 - -

7.2.5 Control Instructions
The control instructions control the MCU operations during program execution. Refer to Table 7-5.

Table 7-5. Control Instructions

Inherent
Op # #
Function Mnemonic | Code Bytes | Cycles
Transfer A 10 X TAX 97 1 2
Transfer X to A TXA SF 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bt cLC a8 1 2
Set Interrupt Mask Bt SEIl 9B 1 2
Clear Interrupt Mask Bt CL! 9A 1 2
Software Interrupt swi 83 1 11
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
7-7
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7.2.6 Alphabetical Listing
The complete instruction set is given in a alphabetical order in Table 7-6.

Table 7-6. Instruction Set (Sheet 1 of 2)

Addressing Modes IConditionCode
Bit Bit
Indexed |indexed|indexed |Set/ |Test &
IMnemonic | Inherent | Immediate | Direct |Extended|Relative|(No Offset)|(8 Bits)|(16 Bits){Clear|{Branch| H|{ I [N|Z | C
ADC X X X X X X N@IAIALA
ADD X X X X X X ANO|IAIATA
AND X X X X X X GIOININ|O®
ASL X X X X GIO|AIA|A
ASR X X -X X QIO |AIN|A
BCC X o|ojoi® 0
BCLR X (I 2K 2 BN J
BCS X ojojoio!o0
BEQ X olejojo |0
BHCC X [ 2L 2K 2K BN J
BHCS X [ 3L 2 X BK )
BHI X oj0oj0oj0 O
BHS X [ 2L BK 3K BN J
BIH X oojoio|o
BIL X o000 |0®
BIT X X X X X X QIO |AIA|O®
BLO X [ 2L 2K BX BN J
BLS X (AL AN 2 BN J
BMC X ojeojoio o
BM!I X [ 2L AN 2L BN J
BMS X oleojoj|o|o@
BNE X (AL AL 2K 2N )
BPL X [ 2L B AL BN J
BRA X [ 2L EK AL BN J
BRN X [ 2L AL AL BR J
BRCLR X |ojlejo|e®|A
BRSET X |eojloj®o|®|A
BSET X [ LA AL BN )
BSR X [ 2L K B BN J
CLL X olei®|e® O
cul X [ J(oXE BRI BY ]
CLR X X X X el®|0|1 (@
CmpP X X X X X X OO |AIAA
com X X X X : OO A|A[T
CPX X X X X X X GIOINIAIA
DEC X X X X @OIAN|IN]|®
EOR X X X X X X GOIOININ|@®
INC X X X X QIO IAN|IN|O®
JmP X X X X X L AL BL XL BN J
JSR X X X X X [ XL EC 20 BK J
Condition Code Symbois:

H Half Carry (From Bit 3) Z Zero N Test and Setf True, Cleared Otherwise
I Interrupt Mask C Carry/Borrow * Not Affected

N Negative (Sign Bit)
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Table 7-6. Instruction Set (Sheet 2 of 2)

Addressing Modes IConditionCode]
Bit Bit
» Indexed |Ind d|Indexed | Set/ {Test &

Mnemonic | Inherent |Immediate| Direct | Extended |Relative|(No Offset)|(8 Bits)|(16 Bits)|{Clear|Branch|H| I {[N|Z|C
LDA X X X X X X e[e{A[A]e®
LDX X X X X X X olo|A|n]®
LSL X X X X o[e|A[ATA;
LSR X X X X e[e|O[A A
NEQ X X X X efe|A|A A
NOP X ofeoloje |0
ORA X X X X X X o0 [A[A @
ROL X X X X o[e[ATATA]
RSP X [ L JE XL K B
RTI X 202020202
RTS X (X KK BK J
SBC X X X X X X @IOIAIN|A
SEC X IO E
SEI X o|l iele|0®
STA X X X X X ®|®IANAN|O®
STX X X X X X ®|OIANA|O®
suB X X X X X X (@ (A|A|A
sSwi X [ BREE X BN J
TAX X [ JE B 2 BN ]
TST X X X X [ 2L BWSWNE ]
TXA X LA BK 3K BN ]
Condiion Code Symbols:
H Half Carry (From Bit 3) Z Zero A Test and Set if True, Cleared Otherwise

I Interrupt Mask
N Negative (Sign Bit)

7.2.7 Opcode Map

C Carry/Borrow

* Not Af

fected

Table 7-7 is an opcode map for_ the instruction used on the MCU.
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Table 7-7. M6805 Family Instruction Set Opcode Map

Bit Manipulation Branch Read/Modify/Write
BTB BSC REL DIR A X 1X1 1X
Hi 0 1 2 3 4 5 6 7
Low 0000 0001 0010 00M 0100 0101 0110 0111
10 5(7 5|4 3|6 5|4 3|4 3|7 6|6 5
0 BRSETO | BSETO BRA NEG NEG NEG NEG NEG
0000 3 BTB| 2 BSC |2 REL |2 DIR |1 Al x|2 IX1| 1 IX
10 5{7 514 3
1 BRCLRO | BCLRO BRN
0001 3 8T8 |2 BSC |2 REL|
10 5|7 54 3
2 BRSET1 BSET1 BHI
0010 3 BTB |2 BSC |2 REL
10 517 514 316 5|4 314 3|7 616 5
3 BRCLR1 BCLR1 BLS CoM CoM COM COM COM
0011 3 BTB |2 BSC {2 REL |2 DIR |1 Al X |2 IX1]1 1X
10 517 5|4 316 5|4 3|4 3 6|6 5
4 BRSET2 | BSET2 BCC LSR LSR LSR LSR LSR
0100 3 BTB |2 BSC |2 REL |2 DIR |1 Al X |2 X141 1X
10 5|7 5|4 3
5 BRCLR2 | BCLR2 BCS
0101 3 BTB |2 BSC |2 REL
10 5|7 5|4 3106 5|4 3|4 3|7 6|6 5
6 BRSET3 | BSET3 BNE ROR ROR ROR ROR ROR
0110 3 8T8 |2 8SC |2 REL |2 DIR |1 Al X |2 X1 |1 IX
10 5(7 514 316 5|4 3|4 3|7 6|6 5
7 BRCLR3 | BCLR3 BEQ ASR ASR ASR ASR ASR
0111 3 878 {2 8SC |2 REL |2 DIR |1 Al X |2 X111 IX
10 517 5 |4 36 54 3|4 3|7 6(6 5
8 BRSET4 | BSET4 BHCC LSL LSL LSL LSL LSL
1000 3 878 |2 BSC |2 REL |2 DIR |1 Al x |2 X1 1 IX
10 57 s |4 3106 5 |4 3|4 317 66 5
9 BRCLR4 | BCLR4 BHCS ROL ROL ROL ROL ROL
1001 3 BT8 |2 BSC |2 REL |2 DIR |1 A x |2 X1 |1 1X
10 517 5|4 316 5|4 3|4 3 616 5
A BRSET5 | BSETS BPL DEC DEC’ DEC DEC DEC
1010 3 8T8 |2 BSC |2 REL |2 DIR |1 Al X |2 X1 |1 X
10 517 5 |4 3
B BRCLRS | BCLR5 BMI
1011 ] 878 |2 8SC |2 REL
10 5|7 5 |4 3|6 5 |4 3|4 3|7 66 5
C BRSET6 | BSET6 BMC INC INC INC INC INC
1100 3 BTS |2 8SC |2 REL |2 DIR |1 A x |2 X1 |1 1X
10 517 5|4 316 414 3|4 7 516 4
D BRCLR6 | BCLR6 BMS TST TST TST TST TST
1101 3 BT8 |2 BSC |2 REL [2 DIR |1 A X {2 X1 |1 1X
10 747 5[4 3
E BRSET7 | BSET7 BIL
1110 3 8T8 |2 BSC |2 REL
10 717 5 |4 3|6 5 |4 3 |4 3|7 6|6 5
F BRCLR7 | BCLR7 BIH CLR CLR CLR CLR CLR
mm B BTB |2 BSC |2 REL {2 DIR |1 Al X |2 X1 1X
Abbreviations for Address Modes
INH Inherent EXT Extended X Indexed (No Offset)
A Accumulator REL Relative 1X1 Indexed, 1 Byte (8-8it) Offset
X Index Register BSC Bit Set/Clear 1X2 Indexed, 2 Byte (16-Bit) Offset
IMM Immediate BTB Bit Test and Branch * M146805 CMOS Family Only
DIR Direct
7-10
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Control Register/ Memory
INH INH IMM DIR EXT 1X2 1X1 IX
8 9 A B C D E F Hi
1000 1001 1010 10m 1100 101 1110 111 Low
9 9 2 21 4 313 416 515 414 3
RTI SUB SUB SUB SuB SUB SUB 0
1 INH 2 IMM| 2 DIR |3 EXT| 3 X2 |2 X1 X 0000
6 6 2 2| 4 315 4al6 5|5 414 3
RTS CMP CMP CMP CMP CMP CMP 1
1 INH 2 IMM| 2 DIR |3 EXT| 3 x2|2 X1 1 1X 0001
2 2} 4 315 416 515 414 3
SBC SBC SBC SBC SBC SBC 2
2 MM} 2 DIR |3 EXT|3 X212 X111 IX 0010
1 10 2 2{4 315 416 515 414 3
SWI CPX CPX CcPX CPX CPX CPX 3
1 INH 2 MM | 2 DIR |3 EXT |3 X2 |2 X111 iX 0011
2 2|4 3|5 ale 515 sfa 3
AND AND AND AND AND AND 4
2 IMM | 2 DIR |3 EXT |3 1X2 {2 X101 IX 0100
2 2|4 315 416 515 414 3
BIT BIT BIT BIT BIT BIT 5
2 IMM | 2 DR |3 EXT |3 X2 |2 X1 |1 IX 0101
2 2|4 315 416 515 414 3
LDA LDA LDA LDA LDA LDA 6
2 MM | 2 Dir |3 EXT |3 X2 |2 X1 1 IX 0110
2 2 5 416 517 6 {6 515 4
TAX STA STA STA STA STA 7
1 INH 2 DIR |3 EXT (3 1X2 |2 X1 )1 IX o
2 2|2 2|4 35 4|6 5|5 414 3
CLC EOR EOR EOR EOR EOR EOR 8
1 INH |2 IMM | 2 DIR |3 EXT |3 X2 |2 X1 |1 IX 1000
2 242 2|4 315 416 515 4 |a 3
SEC ADC ADC ADC ADC ADC ADC 9
1 INH |2 MM | 2 OIR |3 EXT |3 1x2 |2 X1 |1 1X 1001
2 242 214 35 216 515 414 3
CLI ORA ORA ORA ORA ORA ORA A
1 INH |2 MM | 2 DIR |3 EXT |3 X2 |2 X1 |1 1X 1010
2 212 214 315 46 515 414 3
SEI ADD ADD ADD ADD ADD ADD B
1 INH |2 IMM | 2 DIR {3 EXT |3 X2 |2 X1 |1 1X 1011
2 2 3 2 |a 35 2 |4 33 2
RSP JMP JMP JMP JMP JMP C
| INH 2 DIR |3 EXT |3 X2 |2 X1 |1 IX 1100
2 218 617 5 18 €619 718 617 S
NOP BSR JSR JSR JSR JSR JSR D
1 INH |2 REL |2 DIR |3 EXT |3 1X2 |2 X1 {1 1X 1101
* 2 2 214 35 4|6 515 4 14 3
STOP LDX LDX LDX LDX LDX LDX E
1 INH 2 MM |2 DR (3 EXT |3 X2 |2 X1 |1 IX 1110
* 242 2 5 4 16 517 6 |6 515 4
WAIT TXA STX STX STX STX STX F
1 INH |1 INH 2 DIR |3 EXT {3 X2 |2 X1 |1 [ 1111
LEGEND
F = Opcode in Hexadecimal
1111
Cycles, M6805 HMOS ———3¢ 4 3 .
Mnemonic ———————3 SUR ?é Opcode in Binary
Bytes —————3p 1 IX 0000 ]
Cycles, M146805 CMOS _ 7 Address Mode
7-11/7-12
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SECTION 8
ELECTRICAL SPECIFICATIONS

This section contains the electrical specifications for the MC6805S2.

8.1 MAXIMUM RATINGS

This device contains circuitry to protect the

Rating Symbol Value Unit inputs against damage due to high static volt-

Supply Voltage Vce -0.310 +7.0 \ ages or electrical fields; however, it is advised
Input Voltage PCO in that normal precautions be taken to avoid ap-
Self-Check Mode Vin —031to0 +15.0 Vv plication of any voltage higher than maximum

All Other —031t0 +7.0 rated voltages to this high-impedance circuit.

For proper operation it is recommended that

Port A and C Source Current per Pin Vin and Vgyut be constrained to the range

(One st a Time) lout 10 mA Vgg=(Vin or VoutsVcc. Reliability of op-
Operating Temperature Range eraiton is enhanced if unused inputs except
MC6805S2 TA Oto 70 °C EXTAL are tied to an appropriate voltage level
MC6805S2C —-401t0 85 (e.g., either Vgg or Vel
Storage Temperature Range Tstq -551t0 +150
Junction Temperature
Plastic Package 150
Ceramic Package Ty 175 °C
Cerdip 175

8.2 THERMAL CHARACTERISTICS

Characteristic Synbol Value Unit
Thermal Resistance
Plastic 70
Ceramic XN 60 °C/W
Cerdip 60
8-1
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8.3 POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be otained from:
Ty=TA+(Pp*dja) (1
Where:
TA=Ambient Temperature, °C
6A=Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=Iccx Vce, Watts — Chip Internal Power
PPORT =Port Power Dissipation, Watts — User Determined
For most applications PPORT <PINT and can be neglected. PPORT may become sig-
nificant if the device is configured to drive Darlington bases or sink LED loads.
An appropriate relationship between Pp and T (if PPORT is neglected) is:

PD=K=(TJ+273°) (2)
Solving equations 1 and 2 for K gives:
K=Ppe(Ta+273°C)+6 a°PD2 (3

Where K is a constant pertaining to the particular part. K can be determined from equation 3
by measuring Pp (at equilibrium) for a known TA. Using this value of K the values of Pp and T
can be obtained by solving equations (1) and (2) iteratively for any value of Ta.

8.4 ELECTRICAL CHARACTERISTICS
(Vcc=+5.25 Vdc +0.5 Vdc, Vss=0 Vdc, TA=T| to TH, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage
RESET (4.75=V(c=<5.75) 4.0 - Vee+0.7
(Vee=4.75) Vee-0.5 - Vee+0.7
INT (4.75 =V =5.75) ViH 4.0 - Vee+0.7 \Y
(Vee=4.75) Vee-0.5 * Vee+0.7
All Other 2.0 - Vee+0.7
Input High Voltage PCO
Port/ Timer Mode ViH 2.0 — Vee+1.0 \
Self-Check Mode 9.0 10.0 15.0
Input Low Voltage
RESET Vss - 0.8
INT ViL Vss * 15 %
All Other (Except A/D Inputs) Vss — 0.8
RESET Hysteresis Voltages (See RESETS)
*‘Out of Reset” VIRES + 2.1 - 4.0 \
“’Into Reset” VIRES — 0.8 - 2.0
Standby Supply Voltage (INT2 Input Option) VsTRY 3.0 - 5.75 v
Standby Current (INT2 Input Option) (VgTgy=23.0 V) ISTBY - 1.0 5.0 mA
Power Dissipation— No Port Loading
(Vee=5.75V, Ta=0°C) Pp - 600 830 mw
(Vee=5.75V, Ta= -40°C) PD - 670 830
Input Capacitance (Except Analog Inputs — See Note) Cin - 10 - pF
Low Voltage Recover VLVR = - 4.75 \
Low Voltage Inhibit Vvt 275 375 4.70 \Y
Input Current
iNT
(Vin=2.4 V to V¢c) - 20 50
EXTAL
(Vin=2.4 V to V¢ Crystal Option) lin - - 10 rA
(Vin=0.4 V Crystal Option) - - - 1600
RESET
(Vin=0.8V) ~4.0 _ _50
(External Charging Current)
TBD=To Be Determined NOTE: Port D analog inputs, when selected, Cin =25 pF for the first 5 out of 30 cycles.

*This input (when unused) floats to approximately 2.0 V due 1o internal biasing.
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8.5 SWITCHING CHARACTERISTICS
(Vee= +5.25 Vde +0.5 Vde, Vss =0 Vde, TA=T| to TH, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Oscillator Frequency Fosc 0.4 - 4.2 MHz
Cycle Time (4/fosc) teve 0.95 - 10 #S
@Tz, and TIMER Pulse Width (See 5.4 INTERRUPTS) twi. twH
RESET Puise Width TRWL teye +250 - — ns
RESET Delay Time (External Capacitance=1 uF) TRHL - 100 - ns
TNT Zero-Crossing Detection Input Frequency 1 kHz

(for +5° Accuracy) fINT 0.03 -

External Clock Input Duty Cycle (EXTAL) = 40 50 60 %
Oscillator Startup Time Crystal® sy - - 100 ms
SPICL High Time 1SPICLH 4 - — teve
SPICL Low Time TSPICHL 4 - - teve
SPICL Rise and Fall Time tSr, 1S4 = - 1 uS
SPID Input Data Setup Time iSDS 2 - — teve
SPID Input Data Hold Time 1SDH 2 - — teve
SPICL to SPISS Lag Time 15516 4 - — teve
SPISS to SPICL Lead Time 1SSLD 4 - -~ teve
Start Bit to First Clock Lead Time 1STL 1 - - teye
External Timer Inout to Timer Change Time tPCT 3 - - teve
Timer Change to Port B Toggle Time tTPB 2 - - tove
TNTZ to Timer A Load Time UNTL 3 - - teve

*See Figure 5-7 for typical crystal parameters.

8.6 A/D CONVERTER CHARACTERISTICS
(Vce= +5.256 Vdc £0.5 Vdc, V§s=0 Vdc, TA=TL to TH, unless otherwise noted)

Characteristic Min Typ Max Unit Comments
Resolution 8 8 8 Bits
Non-Linearity * - - +% LSB After removing zero-offset and full-scale errors
Quantizing Error - - +% LSB
Conversion Range
VRH - - Vee \ A/D accuracy may decrease proportionately as
VRL Vss - 0.2 VRH-VRL is reduced below 4.0 V. The sum of
VRH and VR must not exceed Vcc.
Conversion Time 30 30 30 teve Includes sampling time
Monotonicity (Inherent with in total error)
Sample Time 5 5 5 teve
Sample/Hold Capacitance, Input - - 25 pF
Analog Input Voltage VRL - VRH \ Transients on any analog lines are not

allowed at any time during sampling or
accurecy may be degraded

*For VRH=4.0V 10 5.0V and Vg =0 V.

8-3

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



A Freescale Semiconductor, Inc.

8.7 PORT ELECTRICAL CHARACTERISTICS
(Vce=+5.25 Vde, +£0.5 Vdc, Vss=0 Vdc, TA=TL to TH, unless otherwise noted)
Characteristic L Symbol [ Min 1 Typ l Max I Unit
Port A with CMOS Drive Enabled

Output Low Voltage

TLoad=1.6 mA VOL - - 0.4 v
Output High Voltage

lLoad =100 kA VoH 24 - - v
Output High Voltage

I oad= — 10 kA VoH Vee=-1.0 — - \%
Input High Voltage

I oag= =300 gA (Maximum) ViH 2.0 — Vee+0.7 \
Input Low Voltage

1| pad = =500 A (Maximum) VL Vss - 0.8 \
Hi-Z State Input Current

(Vin=2.0 V 10 V) H - - -300 A
Hi-Z State Input Current

Vin=0.4 V) e - - -500 kA

Port B
Qutput Low Voltage

lLoag=3.2 mA VoL - - 0.4 \
Output Low Voltage

ILoag= 10 mA (Sink) VoL - — 1.0 v
Output High Voltage*

ILoad= —200 pA VoH 2.4 8 — \%
Darlington Current Drive (Source)*

Vpo=15V 10H -1.0 — -10 mA
Input High Voitage ViH 2.0 - Vee+0.7 Vv
Input Low Voltage ViL Vsg - 0.8 \
Hi-Z State input Current ITS) - <2 10 rA

Port C and Port A with CMOS Device Disabled

Output Low Voitage

lLoad=1.6 mA VoL - - 0.4 \
Qutput High Voltage

I oad= — 100 pA VOH 2.4 - - \
Input High Voltage ViH 2.0 - Vee+0.7 \%
Input Low Voltage Vi Vss - 0.8 \
Hi-Z State Input Current ITs) - <2 10 rA

Port D (Digital Inputs Only)

Input High Voliage ViH 2.0 - Vee+0.7 \
Input Low Voliage ViL Vss - 0.8 \
Input Current™* lin — <1 10 rA

*Not applicable if programmed to open-drain state.
**PD4/VR-PD5/VRH:
The A/D conversion resistor (15 kilohm typical) is connectec interrally between these two lines, impacting their use as digital inputs
in some applications.
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Test MMDB150
Point or Equiv.

Vee=4.75V

40 pF
(Total)

12kQ MMD7000
or Equiv.
!

1.3kQ

Figure 8-1. TTL Equivalent
Test Load (Port B)

Test MMD6150
Point or Equiv.

Vee=4.75V

2.26kQ
30 oF MMD7000
(Total) or Equiv.

Figure 8-3. TTL Equivalent
Test Load (Ports A and C)

8-5/8-6
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Test Point o—]
:[30 pF (Total)
Figure 8-2. CMOS Equivalent
Test Low (Port A)
Vee=4.75V
1.36 kQ
Test

Point
T 30 pF (Total)

Figure 8-4. Open-Drain Equivalent
Test Load (PB1, PB2, and PB3)
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SECTION 9
ORDERING INFORMATION

The information required when ordering a custom MCU is given in the following paragraphs. The
ROM program may be transmitted to Motorola on an MDOS disk file or on EPROM(s). To initiate
a ROM pattern for the MCU it is necessary to first contact your local Motorola representative or
Motorola distributor.

9.1 FLEXIBLE DISKS

The disk media submitted must be single-sided, single-density, 8-inch, MDOS compatible floppies.
The customer must write the binary file name and company name of the disk with a felt-tip pen.
The minimum MDOS system files as well as the absolute binary object file (file name .LO type of
file) from the M6805 cross assembler must be on the disk. An object file made from a memory
dump using the ROLLOUT command is also acceptable. Consider submitting a source listing as
well as the following files: file name .LX (EXORciser loadable format) and file name .SA (ASCII
source code). These files will of course be kept confidential and are used 1) to speed up the process
in-house if any problems arise, and 2) to speed up the user-to-factory interface if the user finds
any software errors and needs assistance quickly from Motorola factory representatives.

MDOS is Motorola’s disk operating system available on development systems such as EXORcisers,
EXORsets, etc.

9.2 EPROMs
The 2716 or 2532 type EPROMSs, programmed with the customer program (positivé logic sense for

to indicate which EPROM corresponds to which address space. The recommended marking pro-

address and data), may be submitted for pattern generation. The EPROM must be clearly marked n

cedure for two 2716 EPROMs is illustrated below.

M) N\
XXX XXX
080 800

XXX = Customer |1D

After the EPROM(s) are marked, they should be placed in conductive IC carriers and securely
packed. Do not use styrofoam.

EXORciser is a registered trademark of Motorola Inc.
EXORset and MDOS are trademarks of Motorola Inc.

For More Information On This Product,
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9.3 VERIFICATION MEDIA

All original pattern media (floppy disk or EPROMSs) are filed for contractual purposes and are not
returned. A computer listing of the ROM code will be generated and returned along with a listing
verification form. The listing should be thoroughly checked and the verification form completed,
signed, and returned to Motorola. The signed verification form constitutes the contractual agree-
ment for creation of the customer mask. Motoroia will program one biank EPROM (if provided by
the customer) from the data file used to create the customer mask to aid in the verification process.

9.4 ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the customer’'s ROM pattern will be sent for program verification. These
units will have been made using the custom mask but are for the purpose of ROM verification
only. For expediency they are usually unmarked, packaged in ceramic, and tested only at room
temperature and 5 volts. These RVUs are free with the minimum order quantity but are not
production parts. The RVUs are thus not guaranteed by Motorola Quality Assurance, and should
be discarded after verification is completed.

9.5 ORDERING INFORMATION

The following table provides ordering information pertaining to the package type, temperature,
and MC part numbers for the MC6805S2, MC6805S3, and MC68705S3 devices.

Package Type Temperature MC Part Number
Plastic 0°C to 70°C MC6805S2P/MCB805S3P
(P Suffix) —40°C to 85°C MC6805S2CP/MCE805S3CP
Ceramic 0°C to 70°C MC6805S2L/MC6805S3L
(L Suffix) —40°C to 85°C MC6805S2CL/MC6805S3CL
Cerdip 0°C to 70°C MC6805S2S/MC6805S3S/MC68705S3S
(S Suffix) —40°C to 85°C MC6805S2CS/MCB805S3CS/MC68705S3CS

8-2
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MC6805S2/MC6805S3/MC68705S3 MCU ORDERING FORM

Device Type: J MC6805S2 0 MC6805S3 0 MC88705S3

Date

Customer PO Number

Customer Company

Address

City

State Zip

Country

Phone

Extension

Customer Contact Person

Customer Part Number

{12 Characters Maximum - [f Applicabie)

Standby RAM
T None
C 16-byte

Port A Qutput Drive
 CMOS and TTL
O TTL Only (CMOS disabled)

Temperature
O 0°Ctwo70°C
0 —-40°C1tw085°C

MC6805S2/MC6805S3 MASK OPTION LIST

Internal Oscillator Input Low Voitage Inhibit
O Crystal O Enabled
O Resistor L Disabled

Fifth A/D Channel
O Enabled
I Disabled

Clock Frequency:

Special Electrical Provisions:

(Customer specifications required.)

Pattern Media

O MDOS Disk File
O 2532 EPROMs
0 2716 EPROMs

Z Other
(Requires prior factory approval.)
Device to be tested to Motorola’s data sheet specifications. Cus-
(SIGNATURE) tomer part number, if used as part of marking, is for reference
purposes only.
Device to be tested to customer specifications.
(SIGNATURE) (Customer specifications required.)

ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. |
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SECTION 10
MECHANICAL DATA

This section contains the pin assignments and package dimensions for the MC6805S2.

10.1 PIN ASSIGNMENT

vgsll1 e 28 INUM*
PRESCALER1/PCO[] 2 27 I EXTAL
PRESCALER2/PC1[ 3 26 I XTAL
VgTRY/AN4/INT2/PDE[] 4 25 ITNTT
VRH/PD5[} 5 24 [1vpp
VRL/PD4l 6 23 [IRESET
AN3/PD3[} 7 22 [1rPA7
AN2/PD2[] 8 21 [IPA6
AN1/PD1[] 9 20 I PAS
ANO/PDOT] 10 19 [IPA4
SPISS/PBOT 11 18 {1PA3
seicL/PB1l} 12 17 PA2
spiD/PB2[] 13 16 [] PA1
sPip/PB3[} 14 15 [1PAO

NOTE: *Denotes Non User Mode (NUM) pin
reserved for factory use only.
This pin should be tied 10 Vg
(GND/ground).

10-1
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10.2 PACKAGE DIMENSIONS

L SUFFIX
CERAMIC PACKAGE
CASE 719-03

Freescale Semiconductor, Inc.

NCTES:

1. LEADS, TRUE POSITIONED WITHIN
0.25 mm (0.010) DIAMETER (AT
SEATING PLANE) AT MAXIMUM
MATERIAL CONDITION.

2. DIMENSION “L” TO CENTER OF

28 15

MILLIMETERS INCHES
MIN | MAX | MIN | MAX

W LEADS WHEN FORMED PARALLEL.
8
x|

35.20 | 35.92 | 1.386 | 1.414

14.73 | 15.34 | 0.580 | 0.604

3.05 | 4 0.120 | 0.165

: ' |
-G=- = [oF D= - SEATING
PLANE

P SUFFIX
PLASTIC PACKAGE
CASE 710-02

0.3 0.5 .015 | 0.021
0.7 1.40 | 0.030 { 0.055

2.54 BSC 0.100 BSC
0.7 .78 | 0.030 | 0.070
0.2 0.30 | 0.008 | 0.012
3

[3 K i

254 | 4.19 100 | 0.165
.99 | 15.49 | 0.590 | 0.610
- 100 = 100

051 | 1.52 | 0.020 | 0.060

1

2| |x|—|x|n uu\lW>§

NOTES:

1. POSITIONAL TOLERANCE OF LEADS (D),
SHALL BE WITHIN 0.25mm(0.010) AT
MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND

AAANANNANANNANNDNDAD
28 15

—~
18

EACH OTHER.

' 2. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.

B 3. DIMENSION B DOES NOT INCLUDE

l MOLD FLASH.

N
VMV VUV VUVUIJIITIIVITTE

— A

c L MILLIMETERS |  INCHES

I
£

36.45 | 37.21 | 1.435 | 1.465

13.72 | 14.22 | 0.540 | 0.560

-
D

H— —lcl— F.-H—- I ” "'_h(\/' J—h—

394 | 5.08 | 0.155 ] 0.200
0.36 | 0.56 | 0.014 | 0.022
1.02 .52 | 0.040 | 0.060
2.54 BSC 0.100 _BSC

165 | 2.16 | 0.065 | 0.085
020 | 0.38 | 0.008 ] 0.015
292 | 343 0.115] 0135
15.24 BSC 0.600 BSC

0° 15¢ | 0° 159
0.51 ] 1.02 | 0.020 | 0.040

MIN | MAX MIN | MAX
N IE\\

SEATING o

PLaNE

E S (el Fo el = A (2Rl (=1 (2 (215 -3
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S SUFFIX NOTES:
CERDIP PACKAGE 1.0IM IS DATUM.
CASE 733-02 2. POSITIONAL TOL FOR LEADS:

6120250010 @[T[AG)
3. [T 1S SEATING PLANE.
AAOMANANOANDNA 4. DIM A AND B INCLUDES MENISCUS.
z $ 5.DIM -L- TOCENTER OF LEADS
’ WHEN FORMED PARALLEL.
) 6. DIMENSIONING AND TOLERANCING
B PER ANSI Y145, 1973,
1

1

14

AR A A A MILLIMETERS INCHES
—— L —— DIM{ MIN | MAX | MIN | MAX
36.45 | 37.85| 1435| 1490
12.70 | 1537 | 0.500 | 0.605
406 | 584 | 0.160] 0.230
038 | 056 | 0.015]| 0.022
1.27 | 165 | 0.050 | 0.065

2.54 8SC 0.100 BSC
0.20 | 0.30 | 0.008| 0.012
3.18 | 406 | 0.125] 0.160
15.24 BSC 0.600 BSC
50 150 5¢ 159
051 | 1.27 | 0.020| 0.050

A - ‘“” C

WWWWW ]

T-
Hl— 46}—— E L_ K\Jl J,.—“-’

2iIr|x|le|O|m|O|lojo|>
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APPENDIX A
MC6805S3

The MC6805S3 microcomputer unit (MCU) device is similar to the MC6805S2 MCU device with
several exceptions. These exceptions include 3720 user ROM bytes (3712 user bytes and eight
interrupt vector bytes), 104 RAM bytes (57 user bytes, 16 standby bytes, and 31 bytes shared with
stack area), 248 bytes of self-check/bootstrap-loader ROM, and an additional timer. Information
throughout this document pertaining to the MC8805S2 MCU is also applicable to the MC6805S3
MCU. Difference information applicable to the MC6805S3 MCU is provided in this appendix.

A.1 INTRODUCTION

information contained in SECTION 1 INTRODUCTION (general information, features, and block
diagram) of this document applies to the MC6805S3 MCU device except for the areas described
in the following paragraphs.

A.1.1 Features

The features of the MC6805S3 MCU are as follows:
® 3712 User ROM Bytes
® Eight User Vector ROM Bytes
® 104 User RAM Bytes
® 248 Bytes of Self-check/Bootstrap-loader ROM
® Additional Timer with Associated Capture Latch

A.1.2 Block Diagram
Figure A-1 illustrates the MC6805S3 MCU device block diagram.

A-1
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PRESCALER1/PCO

|

PRESCALER2/PC1

XTAL O— > ¢1 Timer A l Prescaler 1 PortC PrescalerZ] Timer B Timer C Capture
Clock - - -
EXTAL 3 ¢2 Timer A Control DDR Timer B Control Timer C Control
Register Register Register
[ - |
Miscellaneous
PA0 O— Register
PA1 O—
PA2 O— P —o0 VDD
(0] l Auxiliary Counter [
PA3 O— R D Accumulator Program O Vss
D Counter
PA4 O— T Index Register
R — Low 0——[ A/D Converter |
PAS O— Condition Code
A Register Program
PAE O— Counter ———O ANO/PDO
Stack Pointer High
PA7 O— O AN1/PD1
O AN2/PD2
RESET O———————
= Control ALU O AN3/PD3
IR e |
O VRL
O VRH
—O INT2/
AN4/
\
o—[ PortD STBY
[ { I AT
SPI Control DCR Self-check/ ROM 104x8
Bootstrap 3720x8
SPI Data PortB ROM
é (]) (]:’ 4) 2488

PBO PB1

PB2

P83

SPISS SPICL SPID SPID

Figure A-1. MC6805S3 Microcomputer Block Diagram
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A.2 SIGNAL DESCRIPTION, MEMORY, CPU, AND REGISTERS

Information contained in SECTION 2 SIGNAL DESCRIPTION, MEMORY, CPU, AND REGISTERS
of this document applies to the MC6805S3 MCU device except for the areas described in the
following paragraphs.

A.2.1 PRESCALER1/PCO and PRESCALER2/PC1

PRESCALER1/PCO and PRESCALER2/PC1 pins allow external input to be used to control the
internal A, B, and C timer circuits. Refer to paragraph A.3 TIMERS for timer circuitry descriptions.

A.2.2 Memory

As shown in Figure A-2, the MCB6805S3 MCU memory map consists of 4096 bytes of addressable
memory and 1/0 register locations. All but four locations are utilized within the memory map for
a total of 4092 bytes of memory space.

The first 128 bytes of memory ($000-$07F) contain reserved MCU space as well as user RAM space.
24 bytes of reserved MCU space ($000-$017) include four |/0 port registers, two port data direction
cegisters (DDRs), one port data control register (DCR), eight timer registers, one miscellaneous
register, two analog-to-digital converter (A/D) registers, two serial peripheral interface (SPI) reg-
.sters, and four not used registers. 104 bytes of user RAM space ($018-$07F) contain 16 bytes of
standby RAM (mask option) and 31 RAM bytes shared with the stack area.

The next 3712 bytes ($080-$EFF) are aliocated as user ROM space. The first 128 bytes consists of
page zero ROM ($080-$0FF), followed by 3584 bytes of user ROM ($100-$EFF). 248 bytes of self-
check/bootstrap-loader ROM ($F00-$FF7) and eight bytes of user interrupt vector ROM ($FF8-
SFFF) complete the memory map.

A.3 TIMERS
Information contained in SECTION 3 TIMERS of this document applies to the MC6805S3 MCU
device except for the areas described in the following paragraphs.

A.3.1 Timer C

Timer C is similar to timer A with the exception of the capture register. Figure A-3 illustrates timer
C components (data, control, and capture registers, and modulus latch) with respect to both timer
A and B components.

Timer C is an 8-bit programmable down counter, and is loaded under program control. Included
in this timer is a modulus latch which allows the timer to be auto reloaded. Data and control register

locations are $014 and $015, respectively. Upon every clock input received, timer decrements n

toward $00. The timer auto reloads with the contents of the modulus latch upon every $01 to $00
transition. In this respect, timer C operation is similar to timer A operation.

Timer C also includes a capture register (located at $013). This is a read-only register and the
contents are refreshed by the contents of the data register during the capture instance. The timer
can be written to at any time and the contents of both the data register and modulus latch are
updated immediately. The timer (including the modulus latch) is initialized to $FF during reset.
However, the contents of the capture register are not valid until the first capture after reset.

A-3
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[BYTES] 7 6 5 4 3 2 1 [ADDRESS 7 6 54 32 1 |ADDRESS

000 $000 Port A $000
1/0, A/D, SPI, Port B $001
Timers, RAM
{128 Bytes) Por € s002
127 s07F Port D $003
128 $080 Port A DDR* $004
Page 0 ROM Port £ DCR™ $005
(128 Bytes) Por: C DDR* $006
255 SOFF Not Used $007
256 $10C Timer A $008
Timer A Cont. Reg.| $009
Misc. Register $00A
L 2% N
Main ROM Timer B MSB $008
M (3584 Bytes) M
v Timer B LSB s00C
Timer 8 Cont. Reg. | $00D
A/D Control $00E
3839 SEFF A/D Result $00F
3840 $FO0
P! $010
Self-Check/ SPI Data
Bootstrap SP: Control $011
ROM
(248 Bytes) Not Used s012
2087 SFF7 Timer C Capture $013
; N z
4088 Timers (A, B, C). SFF8 Timer C Data $01
SP1, INT2 SFF9 Timer C Control $015
g SFFA Not Used $016
> Exiernal INT1 _ —
g3 SFFB Not Used $017 7 6 54 32 1 |ADDRESS
52 SFFC s018 $018
% Swi SFFD User RAM
= RAM (40 Bytes)
SFFE (104 Bytes)
Reset $03F
4095 SFFF $C7F
Standby RAM™* * $040

“ (16 Bytes) $04F
User RAM $050

(17 Bytes! $060

* Registers are write only and read as $FF. $061

** Mask option. Shared Stack RAM

(31 Bytes)

SO7F

Figure A-2. MC6805S3 Memory Map
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A.3.1.1 CONTROL REGISTER. The timer C control register (shown below) selects the operating
parameters under program control for the timer.

Timer C Control Register
7 6 5 4 3 2 1 0

[ rcor | tcom [ teer | teem | tces | tees | teeu | tecwo |

B7 Timer C Overflow Flag (TCOF)
TCOF is set {logic 1) when timer overflows ($01 to $00 transition). Cannot be set under
program control. TCOF is cleared under program control or at reset.

B6 Timer C Interrupt Mask (TCOM)
TCOM is set at reset or under program control. When set, interrupt request from TCOF
is inhibited. TCOM s cleared under program control.

B5 Timer C Capture Flag (TCCF)
TCCF is set when the proper capture instance occurs on PRESCALER1/PCO or
PRESCALER2/PC1. Signals the presence of captured data in register location $13. No
new capture occurs as long as TCCF is set. TCCF is cleared under program control or
at reset.

B4 Timer C Capture Interrupt Request Mask (TCCM)
TCCM is set under program control or at reset. Inhibits the interrupt request generated
by TCCF to be passed on to the CPU. TCCM is cleared under program control.

B3 Timer C Capture Edge Select (TCEG)
TCEG is set under program control, and selects the rising edge of pin PRESCALER1/
PCO or PRESCALER2/PC1 to be the capture instance. TCEG is cleared under program
control or at reset, and selects the falling edge of pin PRESCALER1/PCO or
PRESCALER2/PC1 to be the capture instance.

B2 Timer C Capture Source Select (TCCS)
TCCS is set under program control, and selects PRESCALER2/PC1 as the capture source.
TCCS is cleared under program control or at reset, and selects PRESCALER1/PCO as
the capture source.

For More Information On This Product,
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B1/0 Timer C Clock Source Select 1/0 (TCCL1/0)
TCCL1 and TCCLO are both set or cleared under program control. At reset, TCCL1 and
TCCLO are both preset (logic 1). Clock source selection is defined as follows:

TCCL1 Timer C Source TCCLO Timer B Source
0 Internal clock 0 Internal clock
0 Internal clock 1 MR1 status”
1 MR1 status™ 0 Internal clock
1 MR1 status*® 1 MR1 status™

NOTES:
1. *Denotes prescaler 1 or 2 clock source depending on miscellaneous register bit
1 (MR1) status.
2. MR1 bit cleared (logic 0) at reset:
Prescaler 1 clock selected to timer A.
Prescaler 2 clock selected to timer B and C.
3. MR1 bit set (logic 1):
Prescaler 1 clock selected to timer B and C.
Prescaler 2 clock selected to timer A.
4. Prescaler 1 output determined by the status of Timer A control register bits 2,
1, and 0 (TACR2, TACRI1, and TACRO).
5. Prescaler 2 output determined by the status of Timer B control register bits 3,
2,1, and 0 (TBCR3, TBCR2, TBCR1, and TBCRO). '

A-7
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A.3.1.2 CLOCK SOURCE. The clock input of the timer is determined by the timer C clock source
select bits 1 and 0 (TCCL1 and TCCLO) in the control register. This gives a wide range of clocking
schemes and associated frequencies.

A.3.1.3 CAPTURE LATCH. The 8-bit capture latch is located at address location $13 and is refreshed
only as a result of capture instance. Capture instance is the rising or falling edge of pin
PRESCALER1/PCO or PRESCALER2/PC1. The correct edge is selected via the timer C edge bit
(TCEG) in the control register. The choice of the capture source is determined by the timer C
capture source select bit (TCCS).

A.3.1.4 TIMER INTERRUPT. Whenever the timer decrements toward $00 ($01 to $00 transition),
the timer C overflow bit (TCOF) is set in the control register. If the associated mask bit (TCOM)
in the control register is cleared, then an interrupt request at vector locations $FF8 and $FF9 are
passed on to the CPU.

A.3.1.5 CAPTURE INTERRUPT. When the proper capture instance occurs, the timer C capture
flag (TCCF) is set. If the timer C capture mask bit (TCCM) is cleared, an interrupt request at vector
locations $FF8 and $FF9 are passed on to the CPU. The capture is caused by the rising edge of
the TCCF bit. Therefore, once the TCCF bit is set as a result of the capture instance, it is not
possible to capture new data as long as TCCF has not been cleared under program control. Note
that TCCF (like TCOF) cannot be set under program control.

A.3.1.6 CAPTURE EDGE CONTROL. The timer C edge control (TCEG) bit selects the edge on pin
PRESCALER1/PCO or PRESCALER2/PC1 that determines the capture instance.

A.3.1.7 CAPTURE SOURCE. Capture source can be selected to be eithef logical signal on
PRESCALER1/PCO or PRESCALER2/PC1 via the timer C capture source select bit (TCCS). Source
is always taken from the selected pin, independent of the associated data direction register status.

A.3.2 Port B Toggle Source

After the first write operation to timer C, the toggle source coming from the timer B overflow is
replaced by the timer C overflow. If no write operation is performed on timer C, then toggle sources
are identical to that of the MC6805S2 programs. In such a case, the timer C and capture registers
are normally usable for count or time measurements.

A.3.3 Port B Toggle Capability

Port B1 and BO data registers have toggle capability during timer overfiow periods. Under control
of the timer output cross-couple bit in the miscellaneous register (MRO0), the overflow bits from
timer A and timer B (or timer C) are directed to port B1 or BO data registers.

A.3.4 interrupts

The INT2, timer A, timer B, timer C, capture and SP! interrupts each have independent mask bits
contained in MR6, TACRS, TBCR6, TCOM, TCCM, and SPICRS respectively. All these interrupts
share the same vector address (i.e., $FF8/$FFQ). Figure A-4 illustrates the reset and interrupt
processing operation. The interrupt routine must determine the source of the interrupt by examining
the interrupt request bits, namely MR7, TACR7, TBCR7, TCOF, TCCF, and SPICR7.

A-8
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1 — I(in CCR)

07F ~= SP

0 — DDRA
F0 — DDRB
FC — DDRC

7F — Presc. 1
7FFFF — Presc. 2

40 — SPICR
50 — MR
50 — TRCR ;
FF — Timer A
50 — TBCR Clear I Stack
FFFF — Timer B iNT1 INTT PC, X, A, CC
53 — TCCR Request
FE — Timer C Latch ¢
07 — RCSR iEad!
CLR INT Logic Timer A,B.C, (ccR)
+ INT2, capture, SPI ;
Load PC from
Put FFE on SWI: FFC/FFD
Address Bus INT1: FFA/FFB
Timer A,B.C
_ Capture
Fetch SPior INT2:
Instruction FF8/FF9
RESET
Pin=Low
RESET
N - .
{ Pin= High PC-PC+1
Load PC
from
FFE/FFF
Execute All

[ Instruction
Cycles

* MR7eMR6 + TRCR7¢TRCR6 + TBCR7¢TBCR6 + TCOFeTCOM + TCCFeTCOM + SPICR7¢SPICR6
(INT2) (Timer A) (Timer B) (Timer C) (Capture) (SPH

Figure A-4. Reset and Interrupt Processing Operation
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A.4 SELF CHECK

Information contained in SECTION 5 SELF-CHECK, RESETS, CLOCK GENERATOR OPTIONS,
and INTERRUPTS of this document applies to the MC6805S3 MCU device except for the areas
described in the following paragraphs.

A.4.1 ROM Checksum Subroutine

The ROM self-check is called at location $F57 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.

A.4.2 Analog-to-Digital Converter Self-Check

The A/D self-check is called at location $F71 and returns with the Z bit cleared if any error was
found; otherwise Z=1.

A.4.3 Timer Self-Check Subroutine

The timer self-check is called at location $F9C and returns with the Z bit cleared if any error was
found; otherwise Z=1.

A-10
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APPENDIX B
MC68705S3

The MC68705S3 microcomputer unit (MCU) device is similar to the MC6805S2/S3 MCU device
with several exceptions. These exceptions include 3752 user EPROM bytes (3744 user bytes and
eight interrupt vector bytes), 104 RAM bytes (57 user bytes, 16 standby bytes, and 31 bytes shared
with stack area), 216 bytes of bootstrap-loader ROM firmware for EPROM programming, and an
additional timer. The EPROM feature of the MC68705S3 MCU enables the user to emulate either
the MC6805S2 or MC6805S3 MCU device. Information pertaining to the EPROM emulation feature
is contained in APPENDIX C MC6805S2 AND MC6805S3 EMULATION. Information throughout
this document pertaining to the MC6805S2 MCU is also applicable to the MC68705S3 MCU.
Difference information applicable to the MC88705S3 MCU is provided in this appendix.

3.1 INTRODUCTION

Information contained in SECTION 1 INTRODUCTION (general information, features, and block
diagram) of this document applies to the MC68705S3 MCU device except for the areas described
‘n the following paragraphs.

B8.1.1 Features

The features of the MC68705S3 MCU are as follows:
® Emulation of MC6805S2 and MC6805S3
3744 User EPROM Bytes
Eight User Vector EPROM Bytes
104 User RAM Bytes
216 Bytes of Bootstrap-loader ROM for EPROM Programming
Additional Timer with Associated Capture Latch
EPROM Read Inhibit Security Bit

3.1.2 Block Diagram
~igure B-1 illustrates the MC68705S3 MCU device block diagram.

B-1
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PRESCALER1/PCO PRESCALER2/PC1
XTAL O— Clock > &1 | TimerA |Prescaler1 Port C Prescaler2| TimerB Timer C | Capture
EXTAL O— o - 62 Timer A Control DDR Timer B Control Timer C Contro!
Register Register Register
L & J
Miscellaneous
PA0 O— Register
PA1 O—
PA2 O— P — —0 VoD
o Auxiliary Counter ]
PA3 O— D Accumulator Program —0 Vsg
Rlo Counter
PA4 O— T IR Index Register L
oo Cag ow ' A/D Converter l
PAS O—] 5 oaneng?sr.‘tero € Program
PA6 O— - Counter p———O ANO/PDO
Stack Pointer High
PA7 O -O AN1/PD1
Vo /RESET —O AN2/PD2
PP o
Control ALU
NTT o——————————{ O AN3/PD3
0 VAL
O VRH
INTZ/
AN4/
V.
0———{ PortD I sTBY
l 1 [ A
SPI Control DCR Bootstrap EPROM 104x8 [
SPI Data PortB ROM 37528
& é I g 216x8

PBO  PB1

PB2

PB3

SPISS SPICL SPID SPID

Figure B-1. MC68705S3 Microcomputer Block Diagram

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




4\ Freescale Semiconductor, Inc.

B.2 SIGNAL DESCRIPTION, MEMORY, CPU, AND REGISTERS

Information contained in SECTION 2 SIGNAL DESCRIPTION, MEMORY, CPU, AND REGISTERS
of this document applies to the MC68705S3 MCU device except for the areas described in the
following paragraphs.

B.2.1 PRESCALER1/PCO and PRESCALER2/PC1

PRESCALER1/PCO and PRESCALER2/PC1 pins allow external input to be used to control the
internal A, B, and C timer circuits. Refer to paragraph B.4 TIMERS for timer circuitry descriptions. »

B.2.2 RESET/Vpp

The RESET/Vpp pin (pin 23) provides two functions. These functions are used to master reset
the MCU or to input the Vpp programming voltage to the MCU EPROM. Users should be aware
of these functions and electrical characteristic differences of pin 23 when emulating either the
MCB805S2 or MC6805S3 with the MC68705S3 device. Refer to paragraph B.6 ELECTRICAL SPEC-
IFICATIONS. Electrical characteristic differences of pin 23 are also described in more detail in
m~ppendix C, paragraph C.3.1, EMULATION LIMITATIONS.

~.2.3 VSTBY/AN4/INT2/PD6

The VSTRY/AN4/INT2/PD6 pin (pin 4) is similar to pin 4 of the MC6805S2 and MC6805S3 devices.
Ihe only difference is the electrical characteristics of pin 4. Users should be aware of these
Tifferences of pin 4 when emulating either the MC6805S2 or MC6805S3 with the MC68705S3
“evice. Refer to paragraph B.6 ELECTRICAL SPECIFICATIONS. These electrical characteristic
differences of pin 4 are also described in more detail in Appendix C, paragraph C.3.1, EMULATION
YIMITATIONS.

5.2.4 Memory

“\s shown in Figure B-2, the MC68705S3 MCU memory map consists of 4096 bytes of addressable
cemory and 1/0 register locations. All but three locations are utiiized within the memory map for
- total of 4093 bytes of memory space.

The first 128 bytes of memory ($000-$07F) contain reserved MCU space as well as user RAM space.
24 bytes of reserved MCU space ($000-$017) include four /O port registers, two port data direction
fegisters (DDRs), one port data control register (DCR), eight timer registers, one miscellaneous
"egister, two analog-to-digital converter (A/D) registers, two serial peripheral interface (SPI) reg-
‘sters, one program control register, and three not used registers. 104 bytes of user RAM space
15018-$07F) contain 16 bytes of standby RAM and 31 RAM bytes shared with the stack area.

The next 3744 bytes ($080-$F1F) are allocated as user EPROM space. The first 128 bytes consists

aption register (MOR) resides at address location $F1E, and the mirror MOR resides at address

of page zero EPROM ($080-$0FF), followed by 3616 bytes of user EPROM ($100-$F1F). The mask n

iocation $F16. 216 bytes of bootstrap-loader ROM ($F20-$FF7) and eight bytes of user interrupt
vector EPROM ($FF8-$FFF) complete the memory map.

B-3
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IBYTES] 7 6 5 4 3 2 1 [ADDRESS 7 65 4 3 2 1 [ADDRESS

000 $000 Port A $000
1/0, A/D, SPI,
Timers, RAM, Port B 5001
Prog. Cont. Reg. Port C $002
(128 Bytes)
127 $07F Port D $003
128 Port A DDR* $004
Page 0 EPROM Port B DCR* $005
(128 Bytes) Port C DDR* $006
255 Not Usec $007
256 Timer A $008
Main EPROM Timer A Cont. Reg.| $008
\J (3614 Bytes) Misc. Register $00A
al J
Timer 8 MSB $008
1 b ~ $00C
Nimror MIOR Timer 8 LSB
Timer B Cont. Reg.| $00D
R — A/D Control SO0E
Mask Option Reg. A/D Resul SOOF
2871 vesu t
Pl It 3010
872 SPI Data
Bootstrap SPI Control S0
ROM Prog. Cont. Reg. $012
(216 Bytes)
4087 Timer C Capture $013
4088 Timers (A, 8, C), Timer C Data s014
SPI, INT2 Timer C Control $015
g Not Used $016
S = External INT1
£3 Not Used $017 76 5 4 32 1 [ADDRESS
=
E% oo $018 $018
5= Swi
2 User RAM
= RAM (40 Bytes)
. (104 Bytes)
eset $O03F
4095 $07F
Standby RAM $040
(16 Bytes) $O4F
User RAM $050
(17 Bytes) $060
* Registers are write only and read as $FF. $061
Shared Stack RAM
(31 Bytes)
[‘u : v

Figure B-2. MC68705S3 Memory Map

B-4
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B.3 TIMERS

Information contained in SECTION 3 TIMERS of this document applies to the MC68705S3 MCU.
In addition, information contained in APPENDIX A, paragraph A.3 TIMERS, also applies to the
MC88705S3 MCU.

B.4 MASK OPTION REGISTER

The mask option register (MOR) at location $F1E is an 8-bit register used to select the system
clock type, timer C enabling, low voltage inhibit, and EPROM security. This register enables the
user to select mask options used during the normal mode of operation. The register also implements
a security (SEC) bit for EPROM read protection.

The MOR has a mirror image register (called mirror MOR) at location $F16 which is used during
the bootstrap mode of operation. When security is required, it is compulsory to program the security
(SEC) bit in both the MOR and mirror MOR locations $F1E and $F16, respectively.

A description of each bit of the MOR/mirror MOR is as follows:

Mask Option Register ($F1E)/Mirror Mask Option Register ($F16)

7 6 5 4 3 2 1 0
[ e [roev [« [ e | = | = | = [ sec |
=7 System Clock Type (CLK)

When set (logic 1) this bit selects the RC clock oscillator. When this bit is cleared (logic
0), the crystal (XTAL) clock is selected. Bit 7 is cleared during the erased state of the
register.

High voltage (>9 volts) on the RESET/Vpp pin or high voltage (>9 volts) on
PRESCALER1/PCO pin allows programming with the XTAL clock.

6 Timer Option (TOPT)
When set this bit enables timer C to operate. When this bit is cleared, timer C is disabled
(locations $013/$014 are $FF). Bit 6 is cleared during the erased state of the register.

=4 Low Voltage Inhibit (LVI)
When set this bit enables the low-voltage detection circuitry. When this bit is cleared,
the low-voltage detection circuitry is disabled. Bit 4 is cleared during the erased state of
the register.

Z0 Security (SEC)
When set this bit enables the EPROM read protection. Data stored in EPROM is read

protected. When this bit is cleared, the EPROM read protection is disabled. Bit O is n

cleared during the erased state of the register. To achieve full security, the SEC bit in
both the MOR and mirror MOR locations, $F1E and $F16 respectively, must be
programmed.

B1-3,5 " User available register bits during normal mode of operation.

B-5
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B.5 PROGRAMMING CONTROL REGISTER

The programming control register (PCR) at location $012 is an 8-bit register which utilizes the three
LSBs (five MSBs are set as shown below). This register provides the necessary control bits to
allow programming the MC68705S3 EPROM. The bootstrap program manipuiates the PCR when
programming so that users need not be concerned with the PCR in most applications. A description
of each bit of the PCR is as follows:

Program Control Register

7 6 5 4 3 2 1 0
L [+ ] o [ «+ | 1+ | von | peE | PE | so2
BO Programming Latch Enable (PLE)

When cleared (logic 0) this bit allows the address and data to be latched into the EPROM.
When this bit is set (logic 1), data can be read from the EPROM.

The PLE bit is set during reset, but may be cleared anytime. However, its effect on the
EPROM is inhibited if the VPON bit is set.

B1 Program Enable (PGE)
When cleared this bit enabies programming of the EPROM. PGE can only be cleared if
the PLE bit is cleared. The PGE bit must be set when changing the address and data
(setting up the byte to be programmed).

The PGE bit set during reset; however, it has no effect on the EPROM if the VPON bit
is set.

B2 Vpp ON (VPON)
The VPON bit is a read-only bit. When cleared this bit indicates that a programming
voltage is applied to the RESET/Vpp pin. Clearing of the VPON bit does not indicate
that the Vpp level is correct for programming.

The VPON bit is also used as a safety interlock during the normal operating mode. When
the VPON bit is set, both PGE and PLE bits are inhibited, thereby preventing accidental
clearing of these bits during the normal operating mode.

The functions of the programming control register are listed below:

<
3
o
2
-
m

Programming Conditions

Programming enabled (program EPROM byte).

PGE and PLE bits disabled.

Programming disabled (latch address and data into EPROM).
PGE and PLE disabled.

Invalid state.

Invalid state.

Voltage applied to RESET/Vpp pin.

PGE and PLE bits disabled (operating mode).

—“ 00 =000
o
—-'——‘—‘OO-—‘OOE

0O -0 -=0-=0
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APPENDIX C MC6805S2 AND MC6805S3 EMULATION describes the EPROM programming tech-
nique used to program the MC68705S3 MCU internal EPROM to emulate either the MC6805S2 or
MC6805S3 MCU device. The bootstrap program (stored in mask ROM) manipulates the program-
ming control register during the EPROM programming operation. Users need not be concerned
with the PCR in most applications.

B.6 ELECTRICAL SPECIFICATIONS

Information contained in SECTION 8 ELECTRICAL SPECIFICATIONS of this document applies to
the MC68705S3 MCU device except for the areas described in the following paragraphs.

B.6.1 Electrical Characteristics
(Vcc=5.25 Vdc + 0.5 Vdc, V§s=0 Vdc, TA=T| to TH, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
RESET Hysteresis Voltages
“Out of Reset” VIRES + 1.5 - 25 \Y
“Into Reset” VIRES — -0.3 - 0.8
_ Standby Supply Voltage @ Vcc=0V VSTBY 4.0 - Vee+0.7 \
!, Standby Current (VgTgYy=4.0 V) ISTBRY - 1.0 5.0 mA
! Power Dissipation — No Port Loading
| (Vee=5.75V, Ta=0°C) Pp - 800 1006 mw
i (Vec=5.75V, Ta=—40°C) - 925 1092
I Low Voltage Recover VLVR - - 4.75 \
I Low Voltage Inhibit Vivi - 3.75 - v
! Input Current
o OINT
) (Vin=2.4 V 10 V) lin - 20 50 pA
v EXTAL
(Vin=2.4 V to V¢ Crystal Option) - - 10
) (Vin=0.4 V Crystal Option) - - - 1600
+  RESET
(Vin=5.75 V) - 2500 3800

3.6.2 Programming Operation Electrical Characteristics
(Vce=5.26 Vde + 0.5 Vdc, Vss=0 Vdc, TaA=20° to 30°C, unless otherwise noted)

! Characteristic Symbol Min Typ Max Unit

! Programming Voltage Vpp 20.0 21.0 22.0 \

| Vpp Supply Current

:;Vpp=2‘l,0 Vv lpp - - 30 mA

: Programming Oscillator Frequency foscp 0.9 1.0 1.1 MHz

!, Bootstrap Programming Mode Voltage VIHTP 9.0 12.0 15.0 \
(PCO Pin) (@ljHTP =100 kA Max)

B-7
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The pin assignment and package dimensions for the MC68705S3 MCU device are illustrated below.

B.7.1 Pin Assignment

vssl1
PRESCALER1/PCO[] 2
PRESCALER2/PC1[] 3
VsTBY/AN4/INTZ/PDE[] 4
VRH/PD5] 5

VgL/PD4[} 6

AN3/PD3[} 7

AN2/PD2[} 8

AN1/PD1] 9

ANO/PDO[] 10
SPISS/PBO[ 11
spicL/PB1[] 12

sPip/PB2[] 13

sPiD/PB3[} 14

28 INUM*
27 JEXTAL
26 [IXTAL
25 [IINTT
24 ]VDD
23 DW/VPP
22 [Ira7
21 [1PA6
20 IPAS
19 [IPA4
18 J PA3
17 I PA2
16 fIPA1

15 [1 PAO

B.7.2 Package Dimensions

S SUFFIX
CERDIP PACKAGE
CASE 733A-01

NOTE: *Denotes Non User Mode (NUM) pin
reserved for factory use only.
This pin should be tied to Vgg
(GND/ground).

NOTES:

—

~

> w

DO DN ANN NN NN
28

s
O

1 14

VY VUV UV LUU VUV

B-8
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DIMENSION “A” IS A DATUM. T IS BOTH A DATUM
AND A SEATING PLANE.

POSITIONAL TOLERANCE FOR LEADS: (28 PLACES)
(4] 6025000 ®[T[A @]

DIMENSIONS “A" & B INCLUDE MENISCUS.
DIMENSION L TO CENTER OF LEADS WHEN FORMED
PARALLEL.

DIMENSIONING AND TOLERANCING PER ANS
Y14.5M, 1982,

CONTROLLING DIMENSION: INCH.

MILLIMETERS INCHES
DM | MIN | MAX | MIN | maX
A_| 3645 | 3784 | 1435 | 1490
B | 1270 | 1536 | 0500 | 0.605
[ 406 | 603 | 0160 | 0240
D 038 | 055 | 0015 | 002
F 127 | 165 | 0050 | 0.065
G 254 BSC 0.100 BSC
J 020 | 030 | 0008 | 0012
K 317 | 406 | 0125 | 0.160
L 15.24 BSC 0.600 BSC
M e 1 15 0 | s
N 051 | 127 | 0020 | 0050
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APPENDIX C
MC6805S2 AND MC6805S3 EMULATION

C.1 INTRODUCTION

This appendix describes EPROM erasing and security, and the programming technique used to
program the MC68705S3 MCU internal EPROM to emulate either the MC6805S2 or MC6805S3
MCU device. The EPROM programming technique utilizes a bootstrap loader (stored in mask ROM)
to program the MC68705S3 MCU internal EPROM. This appendix also provides a schematic diagram
(Figure C-1) which illustrates a typical MC68705S3 EPROM MCU programming board/circuitry
used in conjunction with the EPROM programming technique described in this appendix.

Z.2 EMULATION PREREQUISITES

>rior to performing any emulation operations with the MC68705S3 device, the user must be aware
Of the unique differences between the MCB8805S2, MC6805S3, and MC88705S3 devices. The
iollowing paragraphs provide an overall summary of these differences. These differences (features)
wary slightly between the device types, and are shown below. The user must take into consideration
these differences (memory size and address locations, pin assignments and electrical characteristics,
and mask options) when performing emulation operations.

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.

All three MCU devices are 28-pin devices with similar pin assignments and electrical characteristics.
Of the 28-pin assignments, two exceptions exist. The first exception pertains to the MC68705S3
RESET/Vpp pin (pin 23) which is used for both resetting and inputting the programming voltage.
The corresponding pin on the other two devices is used strictly for resetting purposes. The second
2xception pertains to the electrical characteristics of the RESET/Vpp (pin 23) and VSTRY/AN4/
'NT2/PD6 (pin 4) pins of all three devices.

C-1
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C.3 EMULATION LIMITATIONS

The MC68705S3 EPROM MCU device is designed to emulate the functions of either the MC6805S2
or MC6805S3 MCU device as closely as possible. However, due to pin assignments, processing
and mask option limitations, the MC68705S3 MCU has inherently some differences. These differ-
ences (exceptions) do not apply to the timing, execution speed, and functionality of the three MCU
devices. The differences or exceptions to the exactness of emulation are listed below.

1.

MC8805S2/3 port A output is a mask option. The CMOS pull-up option on port A is not
implemented on the MC68705S3. If this option is required, pull-up resistors must be
implemented.

MCB805S2/3 RC clock is a mask option. To enable the MC68705S3 RC clock, MOR bit 7
must be programmed to a logical 1.

MCB805S52/3 LVI is a mask option. To enable the MC68705S3 LVI, MOR bit 4 must be
programmed to a logical 1.

. The electrical characteristics of the MC68705S3 RESET/Vpp and VSTRY/AN4/INT2/PD6

pins are different from those on the MC6805S2/MC6805S3 devices.

MCB805S2/3 pin 4 select function for AN4 or VSTBY is @ mask option. The MC68705S3 pin
4 function is always enabled for VSTBY/AN4/INT2/PD6 (mask selection not required).
MC680552/3 (pin 4, VSTRY option) standby RAM contents will be lost if the voltage drops
below the minimum sustaining level (3.0 V). The MC68705S3 standby RAM contents will not
be lost if the voltage drops below 4.0 V.

. Above a certain voltage (3.7 V typicall, pin 4 will exhibit lower input impedance than the

MC680552/MC6805S3 device. Therefore, if the input impedance of the signal driving pin is
high, the voltage on this pin will clamp to 1 VT below Vpp. This may cause A/D conversion
inaccuracies if the pin is used as a fifth A/D input channel. This pin is always a high impedance
input on the MC6805S2/MC6805S3 devices, and will not experience the conditions described
above.

The reset and Vpp functions of the MC68705S3 share a common pin (pin 23). Therefore the
electrical characteristics of this pin vary from the corresponding pin of the MC6805S2/
MC6805S3 device (which is used strictly for resetting). The input impedance of this pin on
the MC68705S3 device is approximately equivalent to a 1.5K ohm pull-down resistor, whereas
the MCB80552/MC6805S3 RESET pin is a high impedance (approximately 220K ohms) input.
Therefore, the MC68705S3 requires a pull-up resistor on the RESET/Vpp pin to recover from
a reset condition. Additionally, the proper current and voltage parameters must exist on this
pin when programming the EPROM.

C.4 EPROM ERASING

The EPROM MCU device is erased by the exposure of a high-intensity ultraviolet (UV) light with
a wavelength of 25637 Angstrom {A). The recommended dose (UV intensity x exposure time) is
15 Ws/cm2. UV lamps should be used without shortwave filters, and the EPROM MCU device
positioned about one inch from the UV lamps.

C-2
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C.5 EPROM SECURITY

Securing EPROM contents is achieved by programming the SEC bit at the end of the EPROM load
sequence. Internal MCU hardware inhibits any further programming after a reset once the SEC bit
is programmed.

NOTE

EPROM security feature is enabled only when the SEC bit in both the MOR and mirror
MOR locations are set. The MCU must be reset following the programming of the SEC
bits to enable this security feature.

The EPROM bootstrap program looks as if the program is operating, however no physical pro-
gramming is performed. Program verification can be performed on secured program without re-
vealing.EPROM contents.

C.6 BOOTSTRAP LOADER PROGRAM

The MC68705S3 M CU contains an on-chip bootstrap ROM firmware that enables auto programming
to be performed.

Bootstrap ROM vector locations $FF6 and $FF7 are used to start the bootstrap program execution.
Vectors are fetched when ViHTPp is applied to the PRESCALER1/PCO pin, and the RESET/Vpp
pin is allowed to rise above V|RES + . The level on the PRESCALER2/PC1 pin, when the RESET/
VPP pin rises above V|RES + , determines which programming mode is selected. A high level on
PRESCALER2/PC1 selects the auto-programming operation.

It is not possible to program the EPROM MCU once the mask option register security bit has been
programmed. The only way to go from the secure mode to the non-secure mode is by erasing the
entire EPROM.

The auto-programming operation allows user code from external EPROM to be copied into the
MCU internal EPROM via a hardware interface (EPROM programmer) which is under control of
the bootstrap loader firmware. Data is loaded at EPROM location $080 and continues until the last
bytes of EPROM at address $FFF is programmed. Unprogrammed EPROM address locations should
contain $00 to speed up the programming operation. Refer to paragraph C.7 EPROM PROGRAM-
MER SUPPORT for additional information pertaining to EPROM programming boards used in
programming the MC68705S3 EPROM MCU.

For More Information On This Product,
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C.7 EPROM PROGRAMMING

EPROM programming is accomplished via a bootstrap loader which is use to load user code
(program) into the MC88705S3 EPROM MCU in order to emulate either the MC6805S2 or MC6805S3
device. User code contained in external EPROM (2532/2732) is copied into the internal EPROM of
the MC68705S3 device.

Figure C-1 illustrates a programming board used to program the MC68705S3 EPROM MCU device
via an external 2532/2732 (4K UV erasable PROM) device. As shown, the programming board
must be configured for the desired external EPROM device. Upon completion of the EPROM
configuration, EPROM programming steps are as follows:

1. Programmed EPROM and erased MCU EPROM devices are inserted into U2 and U3,
respectively.

2. Programming routine is started via switch S1 (applies power to programming board, DS1
and DS2 LEDs iliuminated).

3. MCU control is transferred to the bootstrap ROM, and the programming routine is then
executed via the bootstrap loader program.

4. PROG LED (DS3) blinks during the programming sequence. Upon completion of the pro-
gramming sequence, DS3 remains illuminated indicating that the MC88705S3 EPROM MCU
has been programmed.

5. Approximately 2 seconds later, the VERF LED (DS4) is illuminated indicating that the
MC68705S3 EPROM MCU device has been programmed and verified.

6. Power is now removed from the programming board via switch S1, and the programmed
EPROM MCU device is removed.

No programming can be done once the mask option register ($F1E) and mirror mask option register
($F16) security bit has been programmed (logic 1). The only way to proceed from the secure mode
to the non-secure mode is by erasing the entire MC68705S3 EPROM MCU device.

C.8 EPROM PROGRAMMER SUPPORT
Several programmer boards used in programming MC68705S3 MCU EPROM devices are as follows:
1. M68705S3 Stand-Alone PROM Programmer. Source code resides in external EPROM or any

hardware interface.

2. M68705S3 Stand-Alone Gang PROM Programmer. Similar to above programmer, except that
simultaneous multiple programming (up to nine MCUSs) is performed.

3. HDS-200 Emulator with the M68705S3 Programming Module. Source code resides in HDS-
200 RAM.

C-4
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Block Diagram Summary
(Foldout 1)
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PRESCALER1/PCO

P 1

PRESCALER2/PC1

XTAL O— Clock > o1 Timer A | Prescaler 1 Port C Prescaler2 | Timer B
EXTAL O— oc —-3 ¢2 Timer A Control DDR Timer B Control
Register Register
[ ]
Miscellaneous
PAO O— Register
PA1T O—
PA2 O—] P — —o0 VoD
0 I Auxiliary Counter |
PA3 O— D Accumulator Program O Vss
PA4 ? D - Counter
o— ndex Register
R Condit gc Low 0——{ A/D Converter I
abal
PAB 9 Counter ————O ANO/PDO
Stack Pointer High
PA7 0— o AN1/PD1
O AN2/PD2
RESET O—— |
e Control ALU ——O AN3/PD3
[0 S
O VRL
O VRH
»—O INT2/
AN4/
\
>—{ Port D J STBY
[ T RAM
SPI Control DCR Self-Check ROM 64x8
ROM 1480 % 8
SPI Data Port B 248 % 8
PBO PB1 PB2 PB3
SPISS SPICL SPID SPID
MC6805S2
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BLOCK DIAGRAM SUMMARY
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Interrupt Vectors

000

127
128

265
256

2495
2496

3839
3840

4087
4088

(ROM)

4095

BYTES] 7 6 5 4 3 2 1 |ADDRESS 7 6 54 3 2 1 |ADDRESS
$000 Port A $000
1/0, A/D, SPI, Port B $001
Timers, RAM 002
(128 Bytes) Port C $
$07F Port D $003
Port A DDR* $004
Page 0 ROM Port B DCR* $005
(128 Bytes) Port C DDR* $006
Not Used $007
Timer A $008
i . Reg.| $009
Not Used Timer A Cont. Reg
22 (2240 Bytes) Misc. Register $00A
Timer B MSB $00B
Timer B LSB $00C
Timer B Cont. Reg.| $00D
Main ROM
~A $00E
T (1344 Bytes) A/D Control
A/D Result $00F
SPI Data $010
Self-Check SPI Control $01
ROM $012
(248 Bytes)
Not Used
(46 Bytes)
Timers (A, B), Y
SPI, INT2 $03F 76 5 4 3 2 1
$040 Standby RAM* *
External INT1 (16 Bytes)
RAM User RAM
64 Bytes) (17 Bytes)
Swi Y
$07F Shared Stack RAM
SFFE \ (31 Bytes)
Reset
$FFF
* Registers are write only and read as $FF.
** Mask option.
MC6805S2

Go to: www.freescale.com
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[ADDRESS
$040
$04F
$050
$060
$061

$07F
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MEMORY MAP DIAGRAM SUMMARY

7 6 5 4 3 2 1 [ADDRESS 7 6 54 3 2 1 |ADDRESS
000 $000 Port A $000
1/0, A/D, SP1, Port B $001
Timers, RAM 002
(128 Bytes) Port € ¥
127 $07F Port D $003
128 3080 Port A DDR* $004
Page 0 ROM Port B DCR* $005
(128 Bytes) Port C DDR* $006
255 $OFF Not Used $007
256 $100 Timer A $008
Timer A Cont. Reg.| $009
Misc. Register $00A
N 2
Main ROM Timer B MSB $008B
™ (3584 Byt N
viesl 1 Timer B LSB $00C
Timer B Cont. Reg. $00D
A/D Control $00E
3839 SEFF A/D Result $S00F
3840 $FO0
SPI Data $010
Self-Check
Bootstrap SPI Control $011
ROM
(248 Bytes) Prog. Cont. Reg. $012
4087 $FF7 Timer C Capture $013
C $FF8 i
4088 Timers (A, B, C), Timer C Data $014
SPI, INT2 $FF9 Timer C Control $016
g SFFA Not Used 5016
© External INT1
Sz $FFB Not Used 5017 7654327
58 SFFC s018
g swi SFFD User RAM
= RAM (40 Bytes)
$SFFE (104 Bytes)
Reset
4095 SFFF $07F
Standby RAM* *
(16 Bytes)
User RAM
(17 Bytes)
* Registers are write only and read as $FF.
** Mask option. Shared Stack RAM
(31 Bytes)
MC6805S3
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ADDRESS
$018

$O3F

$040
$04F

$050
$060

$061

$07F
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Interrupt Vectors

000

127
128

265
256

2495
2496

3839
3840

4087
4088

(ROM)

4095

BYTES] 7 6 5 4 3 2 1 |[ADDRESS 7 65 4 32 1 [ADDRESS
$000 Port A $000
1/0, A/D, SPIL, Port B $001
Timers, RAM
! $002
(128 Bytes) Port €
$O7F Port D $003
Port A DDR* $004
* $005
Page 0 ROM Port B DCR
(128 Bytes) Port C DDR* $006
Not Used $007
Timer A $008
'R $009
Not Used Timer A Cont. Reg
2 (2240 Bytes) 22 Misc. Register $00A
Timer B MSB $008
Timer B LSB $00C
Timer B Cont. Reg. | $00D
Main ROM
i A 00E
(1344 Bytes) A/D Control $
A/D Result $00F
SPI Data $010
Self-Check SPI Control $011
ROM $012
(248 Bytes)
Not Used
46 Bytes)
Timers (A, BJ, 146 Bytes
SPI, INT2 SO3F 7654321
$040 Standby RAM* *
External INT1 (16 Bytes)
RAM User RAM
(64 Bytes) (17 Bytes)
swi Y
$07F Shared Stack RAM
SFFE _\_ 31 Bytes)
Reset
SFFF
* Registers are write only and read as $FF.
** Mask option.
MC680552

Freescale Semiconductor, Inc.

[ADDRESS]
$040
$04F
$050
$060
$061

$07F
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