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MC68HCO5L2
MC68HC705L2

High-density complementary
metal oxide semiconductor
(HCMOS) microcontroller unit

All Trade Marks recognized. This document contains information on new products. Specifications and information herein are
subject to change without notice.

All products are sold on Motorola’s Terms & Conditions of Supply. In ordering a product covered by this document the
Customer agrees to be bound by those Terms & Conditions and nothing contained in this document constitutes or forms part
of a contract (with the exception of the contents of this Notice). A copy of Motorola’s Terms & Conditions of Supply is available
on request.

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty,
representation or guarantee regarding the suitability of its products for any particular purpose, nor does Motorola assume any
liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including
without limitation consequential or incidental damages. “Typical” parameters can and do vary in different applications. All
operating parameters, including “Typicals”, must be validated for each customer application by customer’s technical experts.
Motorola does not convey any license under its patent rights nor the rights of others. Motorola products are not designed,
intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a
situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such unintended
or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affifiates, and
distributors harmless against all claims, costs, damages, and expenses, and reasonable attomey fees arising out of, directly
or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim
alleges that Motorola was negligent regarding the design or manufacture of the part. Motorola and ) are registered
trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

The Customer should ensure that it has the most up to date version of the document by contacting its local Motorola office.
This document supersedes any earlier documentation relating to the products referred to herein. The information contained
in this document is current at the date of publication. It may subsequently be updated, revised or withdrawn.

© MOTOROLA LTD., 1995

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




Freescale Semiconductor, Inc.

Conventions

Where abbreviations are used in the text, an explanation can be found in the

glossary, at the back of this manual. Register and bit mnemonics are defined in the
paragraphs describing them.

An overbar is used to designate an active-low signal, eg: RESET.

Unless otherwise stated, a shaded cell in a register diagram indicates that the bit is
either unused or reserved; ‘U’ is used to indicate an undefined state (on reset).
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SECTION 13 ORDERING INFORMATION
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1

INTRODUCTION

The MC68HCO5L2 is a member of the M68HCO05 family of HCMOS microcomputers. It has
1.8 kbytes of user ROM and 96 bytes of RAM. In addition to its on-board memory, the
MC68HCO5L2 has a 16-bit programmable timer, a core timer and computer operating properly
watchdog, and an A/D converter. With these features, and its LCD subsystem (capable of driving
up to 45 segments), the MC68HCO5L2 is particularly suited to consumer and automotive
applications where a cost effective LCD drive capability is required. The device is available in a
42-pin SDIP package.

All references to the MC68HCO05L2 apply equally to the MC68HC705L2, unless otherwise noted.
References specific to the MC68HC705L2 are italicised in the text.

The MC68HC705L2 is an EPROM version of the MC68HCO5L2 and is available in a windowed
ceramic SDIP package.

1.1 Features

» Fully static design featuring the industry standard M68HCO5 core
* On-chip oscillator and divide-by-two

¢ 1792 bytes of user ROM and vectors;
1792 bytes of user EPROM and vectors (MC68HC705L2)

¢ 112 bytes of bootloader ROM

e 96 bytes of RAM

* LCD subsystem, with 3 x 15 segment drive capability and 8 bytes of dedicated display RAM
* 16-bit programmable timer with input capture

e 15-stage multipurpose core timer, with overflow, watchdog and real-time interrupt

e Computer Operating Properly (COP) watchdog timer (software selectable)

* Edge or edge-and-level sensitive interrupt trigger (software selectable)

¢ Single-channel, 8-bit analog-to-digital converter

MC68HCO05L2 INTRODUCTION MOTOROLA
For More Information On This Product, 1-1
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* 13 bidirectional I/O lines
¢ Power saving STOP and WAIT modes
* Available in 42-pin plastic SDIP and 42-pin ceramic SDIP packages

16-bit fe—TCAP
User ROWEPROM - 1792x 8 Programmable
(including 16 bytes for vectors) imer
Anal 8420‘ I “"m‘
-to-digi
Self-check/Boot ROM - 112x 8 2ogiotiga o
RAM-96x8 LCDRAM-8x8

08c2=— ~}—FP14
0SC1—={  Osciliator Bt
2 15tontplanes ——  }—eFP12

—FP11

—FP10

—FP9

Core o Fps

Timer 7

15x3 > FP6

M68HC05 I

cop CPU s LcD :g;

_>FP2

RESTHEG b—= FP1
L —=FPoO

] ™ |—8P2

—BP1

VDD 3baciplanes — |20

vss
1 fe—VLCD
PortA PortB
x2232¥% PBEES

Figure 1-1 MC68HCO05L2/MC68HC705L2 block diagram

1.2 Mask option

There is only one mask option on the MC68HCOS5L2. This bit is programmed during manufacture
and must be specified on the order form.

¢ STOP instruction — enable/disable.

The STOP enable/disable option does not exist on the MC68HC705L2. Here, the STOP
instruction is enabled at all times.

MOTOROLA INTRODUCTION MC68HCO05L2
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1.3 Additional options

In addition to the mask option, there are two options that are controlled by write-once bits in the
Core Timer Control and Status register (CTCSR).

« IRQ- Edge/edge-and-level sensitive

* COP watchdog timer — enable/disable

Full details of the above options are given in Section 5.3.1.

MC68HCO5L2 INTRODUCTION MOTOROLA
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2

MODES OF OPERATION AND PIN
DESCRIPTIONS

2.1 Modes of operation

The MC68HCO5L2 has two modes of operation, namely single chip and RAM bootloader mode.
The MC68HC?705L2 also has two modes of operation; single chip and EPROM bootloader mode.

Table 2-1 and Table 2-1 show the conditions required to enter each mode on the rising edge of
RESET.

Table 2-1 MC68HCO05L2 operating mode entry conditions

IRQ/VPP | PB1 | PB2 | PB3 Mode
v\?S Yl x| x| x |Singechp
DD
18Vpp | 1 X 0 Jump to RAM ($00A1)
RAM bootloade
Voo | 1 | x | 1 bootloader 1 cad RAM & execut (S00AT)
x =Don't care

Table 2-2 MC68HC705L2 operating mode entry conditions

IRQ/VPP | PB1 | PB2 | PB3 Mode
V‘S,z:’ x | x| x |siglechip
1.8Vpp 1 1 1 Program/verify
18y | 1 5 7 EPROM bootloader Verity only
x =Don't care
MC68HCO05L2 MODES OF OPERATION AND PIN DESCRIPTIONS MOTOROLA
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211 Single chip mode

This is the normal operating mode of the MC68HCO5L2. In this mode the device functions as a
self-contained microcomputer (MCU) with all on-board peripherals, including the three 8-bit I/O
ports and the 8-bit input-only port, available to the user. All address and data activity occurs within
the MCU.

Single chip mode is entered on the rising edge of RESET if the voltage level on the IRQ pin is
within the normal operating range.

Caution: For the MC68HC705L2 all vectors are fetched from EPROM in single chip mode;
therefore, the EPROM must be programmed (via the bootloader mode) before the
device is powered up in single chip mode.

21.2 RAM bootloader mode for the MC68HCO05L2

The RAM Bootloader mode for the MC68HCO5L2 allows the user to perform simple load and
execute instructions in RAM. To make use of this feature a circuit board should be constructed as
shown in Figure 2-1. It is then possible, by correctly configuring port pins PB1 and PB3, to load a
user program into RAM and then execute.

The RAM bootloader is selected when the device is put into bootloader mode with PB1 held high.
If PB3 is low, the program counter is set to $00A1 and a previously loaded RAM program can be
executed. If PB3 is high at reset a program is serially loaded from PBO into the RAM and executed
from $00A1.

The first byte to be loaded is the count byte which should hold the program length plus the count
byte. Therefore, for a program length of $30, the count should equal $31. The maximum program
size including the count byte is 94 bytes ($5E), since two bytes must be left for the stack during
download.

The serial data format is 9600 baud, low start bit, 8 data bits, high stop bit. The data is in
hexadecimal form, not ASCII.

In the RAM bootloader mode all interrupt vectors are mapped to pseudo-vectors in RAM (refer to
Table 2-3). This allows programmers to use their own service-routine addresses. Each
pseudo-vector is allowed three bytes of space, rather than the two bytes for normal vectors,
because an explicit jump (JMP) opcode is needed to cause the desired jump to the user’s
service-routine address.

MOTOROLA MODES QF QPERATION %N%glqlgggqgmgpns MC68HCO5L2
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18 XVDD

220Q

IRQ/VPP ‘
0sCi  PBO ‘—@
aoMHz ]
T Voo
0sC2 !
PB1 | }
Voo ¢ VDD PB3 LI
D
100nF =— RESET /
J100nF = 1
l VSS
-_L MCEBHC05L2 PB3 Function
0 [Jump to RAM ($00A1)
All resistors are 10 kQ unless otherwise specified 1 |Load RAM & execute ($00A1)

Figure 2-1 RAM bootloader circuit

Table 2-3 RAM bootloader mode jump vectors

Address |  Pseudo-vector
00AC |Programmable timer
00A9 | Core Timer interrupt
00A6 |IRQ interrupt
00A3 | Software interrupt

2.1.3 EPROM bootloader mode for the MC68HC705L2

This mode is used for programming the on-board EPROM. In bootloader mode the operation of the
device is the same as in single chip mode, except that the vectors are fetched from a reserved area
of ROM at locations $OFEOQ to $OFEF, instead of from the EPROM. The pin assignments are identical
therefore to those of single chip mode (see Figure 2-3). Because the addresses in the

MC68HCO05L2 MODES QR QRPERAULNANR BIN PESGRIRFIONS - MOTOROLA
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MC68HC705L2 and the EPROM containing the user code are incremented independently, it is
essential that the data layout in the 27128 EPROM conforms exactly to the MC68HC705L2 memory
map.The bootloader uses an external 14-bit counter to address the memory device containing the
code to be copied. This counter requires a clock and a reset function. See Figure 2-2.

Voo

oS 4 PB1 PBO G
R
470Q P, PB4 CLEA
VERF /"
—+Ppr—ms Vool
RESET VPP
470Q pom—]
Vgo == RESET  CLK
Voo A ai
® TCAP VSS{— 0
VLCD = Al Q2
s w a3
VRH PAO DO ol A3 o
3 pat 0 VDD
R 2 o by & M Qs
— P2 x & w g
__~ 5 D3 = g v I
8 PM M8 ® =
= PAS D5 a8 @ 5
= PAG D6 A9 Qi =
Vpp +—IRQVPP PA7 D7 A10 Q1
e Atl Q12
0sC1 OE
vss
10MHz ] VAL
0sc2 ADIN
= PB2 Mode
1 |Program/verify
0 |Verify only

All resistors are 10 kQ unless otherwise specified

Figure 2-2 MC68HC705L2 EPROM programming circuit
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2.1.3.1 Bootloader functions

The bootloader code deals with the copying of user code from an external EPROM into the
on-chip EPROM. The bootloader function can only be used with an external EPROM. The
bootloader performs a programming pass and then does a verify pass.

Pin PB2 is used to select various bootloader functions, including the programming mode (see
Figure 2-2). Two other pins, PB1 and PB3, are used to drive the PROG and VERF LED outputs.
While the EPROM is being programmed the PROG LED lights; when programming is complete
the internal EPROM contents are compared to that of the external EPROM and, if they match
exactly, the VERF LED lights up.

The EPROM must be erased before performing a program cycle.

2.2 Pin descriptions
PB1 1 N 4211 PB2
__PBOd2 411 PB3
IRQ/VPP 3 401 PB4
FP14 34 391 TCAP
FP13 35 383 VLCD
FP12 ]6 373 RESET
FP11 37 36 0SC1
FP10 .38 35{1 0SC2
FP9 .9 343 VDD
FP8 310 333 VSS
FP7 CO11 323 VRL
FP6 312 313 VRH
FP5 313 3013 ADIN
FP4 314 29170 PA7
FP3 315 2811 PA6
FP2 C]16 273 PAS
FP1 317 261 PA4
FPO 318 25(1 PA3
BP2 CJ19 243 PA2
BP1 320 233 PA1
BP0 21 22 PAO

Figure 2-3 42-pin SDIP single chip and bootloader mode pin assignments

2.2.1 VDD and VSS

Power is supplied to the microcontroller using these two pins. VDD is the positive supply and VSS
is ground.

MC68HCO05L2 MODES OF QPERATION Ah{D PlBRﬁﬁ%ﬂmgl N ’ MOTOROLA
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It is in the nature of CMOS designs that very fast signal transitions occur on the MCU pins. These
short rise and fall times place very high short-duration current demands on the power supply. To
prevent noise problems, special care must be taken to provide good power supply by-passing at
the MCU. By-pass capacitors should have good high-frequency characteristics and be as close to

the MCU as possible. By-passing requirements vary, depending on how heavily the MCU pins are
loaded.

222 IRQ

This is an input-only pin for external interrupt sources. Interrupt triggering can be either edge
sensitive or edge-and-level sensitive (see Section 5.3.1). The RQ pin contains an internal Schmitt
trigger as part of its input to improve noise immunity. This pin also serves as the input pin for the
EPROM programming voltage.

2.2.3 0SC1, 0SC2

These pins provide control input for an on-chip oscillator circuit. A crystal, ceramic resonator or
external clock signal connected to these pins supplies the oscillator clock. The oscillator frequency
(fosc) is divided by two to give the internal bus frequency (fo). The on-chip oscillator circuit
incorporates two 22pF capacitors, one from OSC1 to ground and the other from OSC2 to ground.
A 10 MQ resistor has also been included across OSC1 and OSC2.

2.23.1 Crystal

The circuit shown in Figure 2-4(a) is recommended when using either a crystal or a ceramic
resonator. Figure 2-4(d) provides the recommended capacitance and feedback resistance values.
The internal oscillator is designed to interface with an AT-cut parallel-resonant quartz crystal
resonator in the frequency range specified for f s (see Section 11.4). Use of an external CMOS
oscillator is recommended when crystals outside the specified ranges are to be used. The crystal
and associated components should be mounted as close as possible to the input pins to minimise
output distortion and start-up stabilisation time. The manufacturer of the particular crystal belng
considered should be consulted for specific information.

2.2.3.2 Ceramic Resonator

A ceramic resonator may be used instead of a crystal in cost sensitive applications. The circuit
shown in Figure 2-4(a) is recommended when using either a crystal or a ceramic resonator.
Figure 2-4(d) lists the recommended capacitance and feedback resistance values. The
manufacturer of the particular ceramic resonator being considered should be consulted for
specific information.

MOTOROLA MODES QF QPEBATION AND PIPH)SEg ql E)NS MC68HCO05L2
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MCU
0SCt ~ osc2
1]
(a) Crystal/ceramic resonator
oscillator connections
Crystal
2MHz | 4MHz | Unit
Rg(max) | 400 75 Q
Co 5 7 pF
C1 8 12 nF
Q 30000 | 40000 | —

(d) Crystal and ceramic resonator parameters

Figure 2-4 Oscillator connections

2.2.3.3 External Clock

0sC1

' E
! 082

(b) Crystal equivalent circuit

MCU
0sC1 0sC2
External NC
Clock
(c) Extemal clock source connections
Ceramic Resonator
2-4MHz | Unit
Rsltyp) | 10 Q
Co 40 pF
Q 1250 -

An external clock should be applied to the OSC1 input, with the OSC2 pin left unconnected, as
shown in Figure 2-4(c). The toxoy specification (see Section 11.4) does not apply when using an
external clock input. The equivalent specification of the external clock source should be used in

lieu of toxov

MC68HCO05L2
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224 RESET

This active low bidirectional pin is used to reset the MCU. Applying a logic zero to this pin forces
the device to a known start-up state. An external RC-circuit can be connected to this pin to
generate a power-on-reset (POR) if required. In this case, the time constant must be great enough
to allow the oscillator circuit to stabilise. This input has an internal Schmitt trigger to improve noise
immunity. When a reset condition occurs internally, i.e. from the COP watchdog, the RESET pin
provides an active-low open drain output signal which may be used to reset external hardware.

2.2.5 PAO-PA7/PB0-PB4

These 13 1/O lines comprise ports A and B. The state of any pin is software programmable, and
all the pins are configured as inputs during power-on or reset. In addition each port pin can be
connected to an internal pull-up resistor (approximately 10 — 30kQ) when configured as an input.
This is done via the corresponding port configuration register (see Section 4.4.3 and Section 4.4.4
for further details).

2.2.6 TCAP

The TCAP pin controls the input capture feature of the on-chip programmable timer.

2.2.7 BP0-BP2

These are the three backplane drivers used to select the LCD multiplex ratio.

2.2.8 FPO-FP14

These are the 15 frontplane drivers of the device. These pins are dedicated to the LCD
subsystem.

2.2.9 VLCD

This pin is the input for the LCD supply voltage.

22.10 ADIN

This pin provides the analog input to the A to D converter.

MOTOROLA  MODES QF OPEFATION AN PIN DERCRITIONS  MOSGHODSL2
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2.2.11 VRH, VRL
These two inputs provide the reference voltages for the analog to digital converter circuitry. VRL E
is used for the low reference voltage, typically OV dc, and VRH the high reference.

2.3 Low power modes

2.3.1 STOP

The STOP instruction places the MCU in its lowest power consumption mode. In STOP mode, the
internal oscillator is turned off, halting all internal processing, including timer (and COP watchdog
timer) operation.

During the STOP mode, the core timer interrupt flags (CTOF and RTIF) and interrupt enable bits
(CTOFE and RTIE) in the CTCSR, the timer flags for the 16-bit timer in the TSR register and the
interrupt enable bits in the TCR register are cleared by internal hardware. This removes any
pending timer interrupt requests and disables any further timer interrupts. The timer prescaler is
cleared. The I-bit in the CCR is cleared to enable external interrupts. All other registers, the
remaining bits in the CTCSR, and memory contents remain unaltered. All input/output lines
remain unchanged. The processor can be brought out of the STOP mode only by an external
interrupt or a reset (see Figure 2-5).

2.3.2 WAIT

The WAIT instruction places the MCU in a low power consumption mode, but the WAIT mode
consumes more power than the STOP mode. All CPU action is suspended, but the 16-bit timer
and the core timer remain active. An interrupt from either of the timers, if enabled, will cause the
MCU to exit the WAIT mode.

During the WAIT mode, the I-bit in the CCR is cleared to enable interrupts. All other registers,
memory and input/output lines remain in their previous state. The 16-bit timer or the core timer
may be enabled to allow a periodic exit from the WAIT mode. See Figure 2-5.

2.3.3 Data retention
The contents of the RAM are retained at supply voltages as low as 2.0V dc. This is called the data
retention mode, in which data is maintained but the device is not guaranteed to operate.

For lowest power consumption in data retention mode the device should be put into STOP mode
before reducing the supply voltage, to ensure that all the clocks are stopped. If the device is not

MCSBHCOSL2  MODES.QF QEERATIONANDFONORSCRIBIQNS  MOTOROLA
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Stop oscillator
and all clocks;
clear |-Mask
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extemal interrupt
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Y

Oscillator active;
stop processing;
clear I-Mask

Tum on oscillator;
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stabilisation

Yes

ntemopt 16.01

intel or
réuorpe timer

inter;upt

Y

Fetch
interrupt or RESET
vector

A\

Fetch
interrupt or RESET
vector

Figure 2-5 STOP and WAIT flowcharts

No

in STOP mode then it is recommended that RESET be held low, whilst the power supply is outwith
the normal operating range, to ensure that processing is suspended in an orderly manner.

Recovery from data retention mode, after the power supply has been restored, is by an external

interrupt, or by pulling the RESET line high.
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3

MEMORY AND REGISTERS

The MC68HCO5L2 has a 4 kbyte memory map consisting of registers (for I/O, control and status),
LCD RAM, user RAM, user ROM or EPROM, Bootloader ROM and reset and interrupt vectors as
shown in Figure 3-1.

3.1 Registers

All the I/O, control and status registers of the MC68HCO05L2 are contained within the first 32-byte
block of the memory map, as detailed in Table 3-1.

3.2 LCD RAM

The 8 bytes of LCD RAM are located at addresses $0030 to $0037. This RAM is used to store the
15 nibbles of data needed for the LCD. See Section 7.1 for further details of the organisation of
these bits.

3.3 RAM

The user RAM consists of 96 bytes of memory, from $00A0 to $0100. This is shared with a 64-byte
stack area. The stack begins at $00FF and may extend down to $00CO.

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

MC68HCO5L.2 Forwgmfwa%ﬁlg’;%s Product, MOTOROLA
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3.4 Non-volatile memory (NVM)

The NVM consists of 1776 bytes of ROM (MC68HC05L2) or EPROM (MC68HC705L2) from
. $0800 to $OF00, 112 bytes of bootloader ROM and 16 bytes of user vectors ($0FFO to $OFFF).

MC68HCO05L2 Registers
$0000 ‘ Port A data (PORTA) $00
/0 Port B data (PORTB) $01
(32 bytes) Port A configuration (CONFA) | $02
Port B configuration (CONFB) $03
Port A data direction (DDRA) i $04
directi DRB $05
$07
Core timer control & status (CTCSR) $08
Core timer counter (CTCR) $09
Timer control (TCR) $0A
Timer status (TSR) $0B
(96 bytes) input capture high (ICH) $0C
co fo-oi Input capture low (ICL) $0D
00 Stack] Output compare high (OCH) $0E
$0100 Output compare low (OCL $OF
Timer counter high (TCH $10
Timer counter low (TCL M
Timer altemate counter high (ACH) $12
Timer altemate counter low (ACL) $13
A/D result data (ADDATA) $14
v A/D status/control (ADSTAT) $15
$0800 A/D input (ADIN) $16
| s
User ROM LCDcontolL0) | SIE
(1776 bytes) User EPROM R R 1 1
(1776 bytes)
$OEFF
$0F00 i s
Bootloader —
ROM Bootloader
(plus vectors) ROM
$0FFO User vect (plus vectors) Reserved
ser vectors
(16 bytes) FFO
$OFFF User vectors
| (16 bytes)jOFFF
MC68HC705L2
Figure 3-1 Memory map of the MC68HC05L2 and MC68HC705L2
MOTOROLA For MoMEMARY.ANB REGHTERS oauct, MC68HCO05L2
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3.4.1 EPROM program/control register (PCR)

Address bit7  bité  bit5  bitd  bit3  bit2 bt bto  O&©

on Reset
I $0070 l r——— 0 I AT ] pGM I —

3.4.1.1 ELAT — EPROM Iatch control

1(set) - EPROM address and data buses configured for programming.
O (clear) — EPROM address and data buses configured for normal reads.

Causes address and data buses to be latched when a write to EPROM is carried out. EPROM
cannot be read if ELAT = 1. This bit should not be set when no programming voltage is applied to
the VPP pin.

3.41.2 PGM — EPROM program control
1(set) -~ Programming power connected to the EPROM array. PGM can only
be set if ELAT is set. PGM is automatically cleared when ELAT = 0.

0 (clear) — Programming power disconnected from the EPROM array.
Note: ELAT and PGM cannot be set on the same write operation.

Take the following steps to program a byte of EPROM:
1) Apply the programming voltage Vpp to the VPP pin.
2) Set the ELAT bit.
3) Write to the EPROM address.

4) Set the PGM bit for a time tprog to apply the programming voltage.
5) Clear the ELAT bit.

Note: The erased state of the EPROM is $FF.

MCesHCOoSL2 FoMAMRAY ANRRRATERRis product, MOTOROLA
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4

INPUT/OUTPUT PORTS

In single-chip mode the MC68HCO5L2 has a total of 13 I/O lines, arranged as one 8 bit I/O port
(A) and one 5 bit I/O port (B). Each I/O line is individually programmable as either input or output,
under software control of the data direction registers. In addition, each port pin can be connected
to an internal pull-up resistor of approximately 10 — 30kQ when configured as an input. This is
controlled using the bits of the port configuration register.

To avoid glitches on the output pins, data should be written to the I/O port data register before
writing ones to the corresponding data direction register bits to set the pins to output mode.

4.1 Input/output programming

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

At power-on or reset, all DDRs are cleared, thus configuring all port pins as inputs. The data
direction registers can be written to or read by the MCU. During the programmed output state, a
read of the data register actually reads the value of the output data latch and not the I/O pin. If the
I/O pin is an input and a read-modify-write instruction is executed, the I/O pin will be read into the
MC68HCO05L2 CPU and the computed result will then be written to the data latch.

In addition to the normal I/O function, each port pin can be connected to an internal pull-up resistor
(approximately 10 — 30kQ) when configured as an input. This is controlled via the port
configuration register (see Table 4-2).

‘MC68HCO05L2 INPUT/OUTPUT PORTS MOTOROLA
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The operation of the standard port hardware is shown schematically in Figure 4-1.

M68HCO5 Internal Connections

Configuration ll:
Register bit I
Data Direction DDRn [] 10-30k
Register bit
Latched Data DATA guuﬁ
T Regsterbi z s
po ‘!m DDRn | CONFn | DATA| O Pin
~ - [ 1 X 0 0
D"“‘S, Output 1 X 1 1
/o/] 0 0 0 1
-— - Input 0 0 1 1
0 1 1 |tristate

Figure 4-1 Standard I/O port structure

Table 4-1 shows the effect of reading from or writing to an 1/O pin in various circumstances. Note
that the read/write signal shown is internal and is not available to the user.

Table 4-1 /O pin states

R/W | DDRn {CONFn Action of MCU write to/read of data bit

0 0 0 The I{O pip is il) input mode and is connected to an internal pull-up resistor.
Data is written into the output data latch.

0 0 1 |The VO pinis in input mode. Data is written into the output data latch.

0 1 x |Datais written into the output data latch, and output to the 1/O pin.

1 0 0 The sta}te of the I/O pin is read. An internal pull-up resistor is connected to the
input pin.

1 0 1 |The state of the I/O pin is read.

1 1 x | The /O pinis in output mode. The output data latch is read.

MOTOROLA For MorleNﬁ#g{%% %%TC? no ﬁ!lss Product, MC68HCO5L2
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4.2 Port A

Port A is an 8-bit bidirectional port, with optional internal pull-up resistors, which comprises a data
register (PORTA), a configuration register (CONFA) and a data direction register (DDRA). Reset
does not affect the data register, but clears the data direction register and the configuration
register, thereby returning the ports to inputs with pull-ups (see Table 4-2).

4.3 PortB

Port B is a 5-bit bidirectional port with optional internal pull-up resistors, which comprises a data
register (PORTB), a configuration register (CONFB) and a data direction register (DDRB). Reset
does not affect the data register, but clears the data direction register and the configuration
register, thereby returning the ports to inputs with pull-ups (see Table 4-2)

4.4 Port registers

The following sections explain in detail the individual bits in the data and control registers
associated with each 1/O port.

4.4.1 Port A data register (PORTA)

Address  bit7 bit6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 o nS It:;: ot
50000 | | ] | I | l | | unaffected |

Each bit can be configured as input or output via the corresponding data direction bit in the port
data direction register (DDRA).

4.4.2 Port B data register (PORTB)

] ] ) ) ) ) . ) State
Address  bit7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit0 1 Reset

[so0t| o | o | o | | | | ] | unaffected

Each bit can be configured as input or output via the corresponding data direction bit in the port
data direction register (DDRA). Bits 5, 6 and 7 are not available and always read 0.

MCosHCoSL2 For MOFe IhoHmation B This Product, MoToROLA
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4.4.3 Port A configuration register (CONFA)

Address bit7 bt  bit5  bit4  bit3  bit2  bit1  bto  S@e
on Reset

(soe| | | | | | | [ [owooom]

Providing the DDRA bit is clear, i.e. the port pin is an input, writing a ‘0’ to any bit connects an
internal pull-up resistor (approximately 10 — 30 kQ) to the corresponding port B pin. Writing a ‘1’
disconnects the pull-up resistor from the port pin (see Table 4-2).

Reset clears this register, thus connecting pull-up resistors to all port A pins.

Table 4-2 1/O port configurations

DDRn |CONFn Function

0 0 |Input with pull-up
Input without pull-up
Output
Output

-l O
—_ O] -

44.4 Port B configuration register (CONFB)

Address b7 b6  bRS  bt4 b3 b2 bt1  bto el
[s0008] o [ 0o [ o | | I | | 00000000

-Providing the DDRB bit is clear, i.e. the port pin is an input, writing a ‘0’ to any bit connects an
internal pull-up resistor (approximately 10 — 30 kQ) to the corresponding port B pin. Writing a ‘1’
disconnects the pull-up resistor from the port pin (see Table 4-2). Writing to bit 5, 6 or 7 has no
meaning or effect as these bits always read zero.

Reset clears this register, thus connecting pull-up resistors to all port B pins.

4.4.5 Port A data direction register (DDRA)

. . . . . . . . State
Address b7 bit6  bit5  bit4  bR3 b2 b1 b0 T
$0004 ‘ ] | | ooooooooj

Writing a ‘1’ to any bit configures the corresponding port A pin as an output; conversely, writing
any bit to ‘0’ configures the corresponding port pin as an input.

MOTOROLA INPUT/OUTPUT PORTS MC68HCO05L2
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Reset clears this register, thus configuring all pins as inputs.

4.4.6 Port B data direction register (DDRB)

Address bit7  bité  bit5  bit4  bitd  bt2 b1 bto o@e

on Reset
e[ T (o [T [ [ T | Towom n

Wiriting a ‘1’ to any bit configures the corresponding port B pin as an output; conversely, writing
any bit to ‘0’ configures the corresponding port pin as an input. Writing to bit 5, 6 or 7 has no
meaning or effect as these bits always read zero.

Reset clears this register, thus configuring all pins as inputs.

4.5 Other port considerations

All ports are latched with the bus timing signal P02 (especially for inputs).

All output ports can emulate open drain outputs when the corresponding configuration register bits
are set to ‘1. This is achieved by writing a zero to the relevant output port latch. By toggling the
corresponding data direction bit, the port pin will either be an output zero or tri-state (an input).
This is shown diagrammatically in Figure 6-5.

When using a port pin as an open-drain output, certain precautions must be taken in the user
software. If a read-modify-write instruction is used on a port where the open-drain is assigned and
the pin at this time is programmed as an input, it will read it as a ‘one’. The read-modify-write
instruction will then write this ‘one’ into the output data latch on the next cycle. This would cause
the open-drain pin not to output a ‘zero’ when desired

Note: Open-drain’ outputs should not be pulled above Vpp.

MC68HCOSL2 For MdNPHHQHTRILFORMRis product, MOTOROLA
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(@)

Data direction register bit DDRn

wa

DDRn A
1 0
! ! ! ¢ Normal operation - tristate
0 0 tri state
0 1 tri state | |
(b) \
1 0 low
! ! —1r Open drain
0 0 high
0 1 high

” —L‘

DDRx, Bit0=0 DDRx, Bit0 = 1
Portx, Bit0=0 Portx, Bit0=0

(c)

Figure 4-2 Port logic levels

MOTOROLA For MordNRM%BHER%.@ Product, MC68HC05L2
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S

CORE TIMER

The MC68HCO5L2 has a 15-stage ripple counter called the core timer (CTIMER). Features of this B
timer are: timer overflow, power-on reset (POR), real time interrupt (RTI), with four selectable
interrupt rates, and a computer operating properly (COP) watchdog timer.

Intemnal Bus ,
[} [ ‘8
Intemal Processor Clock
$09 CTCR lfop
(Core Timer Counter) fop/ 02
=1 1 [ f{ [ | [ 74
fop /210
! 7-bit counter
" C T T 1T T 1 1 1=
Detect
Circuit fop /27 top/ 2"
v _ v i Y : coP
———  RTlSelect ?:rcun _ Clear
$08 CTCSR
v y (Core Timer Control & Status) Y
——ﬁBLICTOFI RTIF IcTOFH RTIE [COPE| IRQS | RT1 | RTO | COP Watchdog
Timer -
Y \ \ \ ( 8)
[ InteruptCircuit | ’
A
y To
To Interrupt Logic Reset
L muptLogic | st
Figure 5-1 Core timer block diagram
MC68HCO05L.2 For More Iﬁ%ﬁﬁzﬂ’gﬁ%n This Product, MOTOROLA
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As seen in Figure 5-1, the timer is driven by the internal bus clock divided by four with a fixed
prescaler. This signal drives an 8-bit ripple counter. The value of this 8-bit ripple counter can be
read by the CPU at any time, by accessing the CTIMER counter register (CTCR) at address $09.
A timer overflow function is implemented on the last stage of this counter, giving a possible
interrupt at the rate of fop/1024. (The POR signal (tpopry) is also derived from this register, at
fop/4064.) The Counter Register circuit is followed by four more stages, with the resulting clock
(fop/16384) driving the Real Time Interrupt circuit. The RTI circuit consists of three divider stages
with a 1-of-4 selector. The output of the RTI circuit is further divided by 8 to drive the COP
Watchdog Timer circuit. The RTI rate selector bits, and the RTl and CTIMER overflow enable bits
and flags, are located in the CTIMER Control and Status Register (CTCSR) at location $08.

CTOF (core tmer overflow flag) is a clearable, read-only status bit and is set when the 8-bit ripple
counter rolls over from $FF to $00. A CPU interrupt request will be generated if CTOFE is set.
Clearing the CTOF is done by writing a ‘0’ to it. Writing a ‘1’ to CTOF has no effect on the bit’s
value. Reset clears CTOF.

When CTOFE (core timer overflow enable) is set, a CPU interrupt request is generated when the
CTOF bit is set. Reset clears CTOFE.

The core timer counter register (CTCR) is a read-only register that contains the current value of
the 8-bit ripple counter at the beginning of the timer chain. This counter is clocked at fop/4 and
can be used for various functions including a software input capture. Extended time periods can
be attained using the CTIMER overflow function to increment a temporary RAM storage location
thereby simulating a 16-bit (or more) counter.

The power-on cycle clears the entire counter chain and begins clocking the counter. After tpor
cycles, the power-on reset circuit is released, which again clears the counter chain and allows the
device to come out of reset. At this point, if RESET is not asserted, the timer will start counting up
from zero and normal device operation will begin. When RESET is asserted at any time during
operation (other than POR), the counter chain will be cleared.

5.1 Real time interrupts (RTI)

The Real Time Interrupt circuit consists of a three stage divider and a 1-o0f-4 selector. The clock
frequency that drives the RTI circuit is fop/214 (or fop/16384), with three additional divider stages,
giving a maximum interrupt period of 4 seconds at a bus frequency (fop) of 32kHz. Register details
are given in Section 5.3.

5.2 Computer operating properly (COP) watchdog timer

The COP watchdog timer function is implemented by taking the output of the RTI circuit and
further dividing it by eight, as shown in Figure 5-1. Note that the minimum COP timeout period is

MOTOROLA For More InfGOREBMER This Product, MC68HCO5L2
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seven times the RT! period. This is because the COP will be cleared asynchronously with respect
to the value in the Core Timer counter register/RT| divider, hence the actual COP timeout period
will vary between 7x and 8x the RTI period.

The COP function is selectable via the COPE bit in the core timer control and status register.

If the COP circuit times out, an internal reset is generated and the normal reset vector is fetched.
Preventing a COP timeout is done by writing a ‘0’ to bit O of address $OFF0. When the COP is
cleared, only the final divide-by-eight stage is cleared (see Figure 5-1).

5.3 Core timer registers ~ B

5.3.1 Core timer control and status register (CTCSR)

State
on Reset

| so008 | ctor | mmF [ crore | RTE | cope | mas | ATt | RT0 | oooooot |

Address  bit7 bit6 bit5 bit 4 bit 3 bit2 bit 1 bit 0

5.3.1.1 CTOF — Core timer overflow

1 (set) - Core timer overflow has occurred.
0 (clear) — No core timer overflow interrupt has been generated.

This bit is set when the core timer counter register rolls over from $FF to $00; an interrupt request
will be generated if CTOFE is set. When set, the bit may be cleared by writing a ‘0’ to it.

5.3.1.2 RTIF — Real time interrupt flag

1(set) - Areal time interrupt has occurred.
O (clear) — No real time interrupt has been generated.

This bit is set when the output of the chosen stage becomes active; an interrupt request will be
generated if RTIE is set. When set, the bit may be cleared by writing a ‘0’ to it.

5.3.1.3 CTOFE — Core timer overflow enable

1(set) ~— Core timer overflow interrupt is enabled.
0 (clear) — Core timer overflow interrupt is disabled.
MC68HCO5L.2 For More Incfgl!:.rrga-'t-!?)nnE %n This Product, MOTORO!_-I:;
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Setting this bit enables the core timer overflow interrupt. A CPU interrupt request will then be
generated whenever the CTOF bit becomes set. Clearing this bit disables the core timer overflow
interrupt capability.

5.3.1.4 RTIE — Real time interrupt enable

1(set) - Realtime interruptis enabled.
O (clear) — Real time interrupt is disabled.

Setting this bit enables the real time interrupt. A CPU interrupt request will then be generated
whenever the RTIF bit becomes set. Clearing this bit disables the real time interrupt capability.

5.3.1.5 COPE — Computer operating properly enable

1(set) - COP watchdog enabled.
0 (clear) — COP watchdog disabled.

When set, COPE turns on the COP watchdog. This bit can be written to only once after reset to
lock in the desired function. Reset clears COPE.

5.3.1.6 IRQS — IRQ sensitivity selection

1(sety - IRQ s negative edge sensitive only.
0 (clear) - IRQis negative edge-and-level sensitive.

This bit selects the type of input recognised by the IRQ pin. IRQS can be written to only once after
reset to lock in the desired function. A read of this bit always returns a zero regardless of its state.
Reset clears IRQS.

5.3.1.7 RT1, RTO — Real time interrupt rate select

These two bits select one of four taps from the Real Time Interrupt circuitry. Reset sets both RTO
and RT1 to one, selecting the lowest periodic rate and therefore the maximum time in which to
alter them if necessary. The COP reset times are also determined by these two bits. Care should
be taken when altering RTO and RT1 if a timeout is imminent, or the timeout period is uncertain.
If the selected tap is modified during a cycle in which the counter is switching, an RTIF could be
missed or an additional one could be generated. To avoid problems, the COP should be cleared
before changing the RTI taps. See Table 5-1 for some example RTI periods.

MOTOROLA For More Infm%wgﬁ This Product, MC68HC05L.2
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Table 5-1 Example RTI periods

Bus frequency

fop:ZMHZ
L Minimum

I

RT1 | RTO D;;::n P:r?od chp
eriod

0o|o 2% | 82ms | 57.3ms
0] 1 2% | 164ms | 114.7ms
110 210 1 328ms | 229.4ms
1 {1 2l | 65.5ms | 458.8ms

5.3.2 Core timer counter register (CTCR)

Address  bit7  bit6é  bt5  bit4  bit3 b2 b1 b0 State
on Reset

[soe | [ [ | [ [ | ] [ owoom|

The core timer counter register is a read-only register, which contains the current value of the 8-bit
ripple counter at the beginning of the timer chain.

Reset clears this register.

5.4 Core timer during WAIT

The CPU clock halts during the WAIT mode, but the core timer remains active. If the CTIMER
interrupts are enabled, then a CTIMER interrupt will cause the processor to exit the WAIT mode.

5.5 Core timer during STOP

The timer is cleared when going into STOP mode. When STOP is exited by an external interrupt
or an external reset, the internal oscillator will restart, followed by an internal processor
stabilisation delay (tpoprt)- The timer is then cleared and operation resumes.

MC68HCO05L2 CORE TIMER ) MOTOROLA
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