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SECTION 1
GENERAL DESCRIPTION

The MC68HCO5PD6 is a member of the MC68HCO05 family of HCMOS
Microcontroller Units (MCUs). This sophisticated 80-pin MCU has 16k-bytes of
user ROM, 512 bytes of RAM, and eight parallel ports. Ports A, B, C, F, G, and H
have eight 1/0O pins, port D and E have 8 output-only pins. The MC68HCO5PD6
includes a Time Base circuit, 8 and 16-bit timers, a COP Watchdog timer, LCD
drivers, serial communication interface and P-Decoder. It is targeted for
communication applications such as pagers.

1.1 FEATURES

MC68HCO5PD6

REV 1.1

Industry standard M68HCO5 8-bit CPU core

16400 bytes of user ROM

512 bytes of user RAM (64 bytes for stack)

48 bidirectional I/O lines

16 output-only lines

16-bit timer with Input Capture and Output Compare functions
COP Watchdog timer

Serial Communication Interface (SCI)

LCD drivers (3 or 4 backplane drivers) x (1 to 36 frontplane drivers)
On-chip Time Base circulits

Dual oscillators (76.8kHz and 4MHz) and selectable system clock
frequency

24-hour Real Time Clock

8-bit Event counter / Modulus clock divider
Key Wake-up Interrupt with 8-bit input
P-Decoder

Two IRQ inputs

Available in 80-pin TQFP package

GENERAL DESCRIPTION MOTOROLA
1-1
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NOTE

A line over a signal name indicates an active low signal. Any
reference to voltage, current, or frequency specified in the following
sections will refer to the nominal values. The exact values and their
tolerance or limits are specified in Section 14.

1.2 MASK OPTIONS

The following mask options are available:
* RESET pin pull-up resistor:
[connected or disconnected

* OSC feedback resistor (between OSC1 and OSC2):
[connected or disconnected]

* XOSC feedback resistor (between XOSC1 and XOSC2):
[connected or disconnected]

MOTOROLA GENERAL DESCRIPTION MC68HCO5PD6
1-2 REV 1.1
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BS1 BS2 BS3 DIN
LA, T T T l - BPO/PDO
bA BP1/PD1
4_1’ L
PA P-DECODER . | BP2/PD2
A2, PORT [ BP3/PD3
PORT —| [ =)
<85 D FP32/PD4
A | REG [pat
N REG ) | FP33/PDS
PAS ) FP34/PD6
PA ) FP35/PD7
4—6> 16K bytes 512 bytes EP31/PE7
PA7, ROM RAM N
«—> ) FP30/PE6
PBO/RW ) FP2Y/PES
<5 PORT | FP2B/PE4
PBLEWE, | E [ FP2yPes
PB2/KWIZ CPUCONTROL| | AU | :: REG [“Fpag/PE2
PB3KWI | PORT 68HCOS CPU ) FP25/PE1
PR | EBG KWiI ) FP24/PEO
PB5/KWIS ACCUM eo |, FP23/PF7
PBE/KWIG CPUREGISTERS DRIVER|__| FP22IPF6
> “FpPaliPFs
PB7/KWI7 INDEX REG . P2y
«— .| PORT | FP20/PFa
F FP1O/PF3
S STK PTR <P
RESET —» RESET |0|0|0|0|0|0|0|0|1|1| | :: REG FP18/PF2
VDD ——p! |  PROGRAM COUNTER | — %Z;gig
VDD —» — R
vep —  powER COND CODE REG [1]1[1]H[1]N[Z]c] | FP15/PG7
. “FP1A/PG6
. “FPI3IPGS
| .| PORT |TFP1ZiPGa
L L TIME L, G FP11/PG3
s REG |*Fpid
VSSVSS peo/Rrp) RDI BASE S ~£PLgPG2
SULE'Y «— o ¢ FPO/PG1
< — —
PC1/TDQ ) FP8/PGO
PC2/TCMP TCAP RTC FP7/PH7
g TIMER1
PC3/TCAP PORT < TCMP :: 4—me6 H6
> C “FP5/PH5
PEEY, REG EVI 1MER2 cop | PORT [“FPalPH4
PC5/EVQ < EVO — H |[“FPalPu3
= | REG |[“Fp2k
PC6*/IRQ2 — “FP2lpr2
«—> » IRQ2  |\T 0oSsC XOSC L, FP1/PH1
* .
PC7*IRQ1 » IRQ1 ) FPO/PHO
T l T l  E—S
* Open Drain Output OSC1 0OSC2XOSCl XOSscC2 » VLCD3
Figure 1-1. MC68HCO05PD6 Block Diagram
MC68HCO5PD6 GENERAL DESCRIPTION MOTOROLA
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NI SR CR IR R R U=
ST Y T T T W Y s W s T s T ol o W o M o N o N N s W s M OO
Ne2323388385883293555
Tl T ol ol v Tl il ol o Tl T T el e Tl T T
IITEsteiiiiiieeteil
/ 80 61
VDD —»{] 1 O 60 [+—» VSS
FP28/PE4 +—1] [4—» FP7/PH7
FP29/PE5 +—] [¢—» FP6/PH6
FP30/PE6 +—L] [¢—» FP5/PH5
FP31/PE7 «—(} [¢—» FP4/PH4
FP32/PD4 +—} [ 14— FP3PH3
FP33/PD5 €+—T] [ l4¢—» FP2/PH2
FP34/PD6 €«— 4¢—» FP1/PH1
FP35/PD7 «— [ l¢—» FPO/PHO
VLCD3 «—} [+— BPO/PDO
VDD —p{] [+— BP1/PD1
BS3 «—] 1—» BP2/PD2
BS2 «—] [ 1— BP3/PD3
BS1 «— [ ¢— VDD
DIN —»{] [l«—» PC7/IRQL
VSS «—] [l«—» PC6/IRQ2
VPP —p{] [ l¢—» PC5/EVO
XOSC1 —»] 14— PC4/EVI
XOSC2 «+— 14— PC3/TCAP
RESET —p] 20 1 1041 e pC2iTCmp
D0IIILIILIISEEEEREREE2ZS
GRRAEREREEEERERECREE
SESR3I28ERD
oooooaoaaon o

Figure 1-2. 80-Pin TQFP Pin Assignment

1.3 SIGNAL DESCRIPTION

1.3.1 VDD and VSS
Power is supplied to the microcontroller using these pins. VDD is the positive
supply and VSS is ground pin. There are two pairs of power pins to improve noise
immunity inside the chip.

MOTOROLA GENERAL DESCRIPTION MC68HCO05PD6
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1.3.2 0OSC2,0SC1

These pins provide an on-chip clock oscillator circuit. A crystal, a ceramic
resonator, or an external signal connects to these pins providing a system clock.
The oscillator frequency divided by 2, 4, and 64 are available for the system clock.
An external clock signal source should be connected to OSC1 while leaving
OSC2 pin unconnected. 4 MHz is recommended at VDD=+5V.

1.3.3 XOSC2, XOSC1

XOSC has the same structure as OSC. It is the secondary oscillator run after
Power-Up and can be selected as system clock instead of OSC. It also provides
the clock source for P-Decoder. A 76.8KHz crystal is recommended.

The OSC1/XOSC1 and OSC2/XOSC2 pins are the connections for the on-chip
oscillator. The pins can accept the following sets of components:

1. Acrystal as shown in Figure 1-3(a) and Figure 1-3(a)
2. An external clock signal as shown in Figure 1-4(b) and Figure 1-4(b)

The circuits show in Figure 1-3(a) and Figure 1-4(a) are typical oscillator circuit
for an AT-cut, parallel resonant crystal. The crystal manufacturer's
recommendations should be followed, as the crystal parameters determine the
external component values required to provide maximum stability and reliable
start-up. The load capacitance values used in the oscillator circuit design should
include all stray capacitances. The crystal and components should be mounted as
close as possible to the pins for start-up stabilization and to minimize output
distortion. OSC and XOSC pins have mask options for feedback and damping
resistor implementations. See Section 1.2 for these mask options and Section 14
for the resistor values.

MCU MCU
0OSC1 0SC2 0OSC1 0SsC2
R¢ R¢
MASK MASK
OPTION — * +VVAAVY <—— opTioN
L] O
unconnected
(a) Crystal or (b) External
Ceramic Resonator Clock Squrce
Connections —; —; External Clock Connection
Figure 1-3. OSC Connections
MC68HCO5PD6 GENERAL DESCRIPTION MOTOROLA
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MCU MCU
XOSC1 XOSC2 XOSC1 XOSC2
Ry Ry
MASK MASK
“ T OPTION 1 “T OPTION
Rd <+— Rd -
ON CHIP
l:l OFF CHIP
(@) Crystal or unconnected
Ceramic Resonator (b) (E:Tczirknglource
Connections T T Connection
v v -«— External Clock

1.3.4

1.3.5

1.3.6

1.3.7

1.3.8

Figure 1-4. XOSC Connections

RESET
This active low input-only pin is used to reset the MCU to a known start-up state.

The RESET pin contains an internal Schmitt trigger as part of its input to improve
noise immunity. See Section 5 for more details.

VPP
This pin is used to supply high voltage needed for programming the user EPROM

on the MC68HC705PD6 device. In normal operation, this pin should be
connected to VDD.

PAO-PA7
These eight 1/0O lines comprise Port A. The state of any pin is software

programmable and all Port A lines are configured as inputs during Reset. See
Section 7 for a detailed description of I/O programming.

PBO/KWIO-PB7/KWI7
These eight pins are either general purpose 1/0O pins port B or Key Wake-up

interrupt input. See Section 7 for a detailed description of I/O programming and
Section 4 for a detailed description of Interrupts.

PCO/RDI, PC1/TDO

These two pins are either general purpose I/O pins port C or the receive data

MOTOROLA GENERAL DESCRIPTION MC68HCO5PD6

1-6
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input, RDI, and transmit data output, TDO, of serial communication interface. See
Section 7 for a detailed description of I/O programming and Section 11 for a
detailed description of SCI.

1.3.9 PC2/TCMP, PC3/TCAP

These two pins are either the input capture, TCAP and output compare pins,
TCMP, of Timerl or general purpose I/O port C. See Section 7 for a detailed
description of I/O programming and Section 9 for a detailed description of the
Timer System.

1.3.10 PC4/EVI, PC5/EVO

These two pins are either the event counter input, EVI and output, EVO of Timer2
or general purpose I/0O port C. See Section 7 for a detailed description of I/O
programming and Section 9 for a detailed description of the Timer System.

1.3.11 PC6/IRQ2, PC7/IRQ1

These two pins are either the external interrupts input or general purpose 1/O
port C. The external interrupts input are software programmable for two different
choices of interrupt triggering sensitivity. These options are: 1) negative edge-
sensitive triggering only, or 2) both negative edge-sensitive and level-sensitive
triggering. In the latter case, either type of input to the IRQ1 or IRQ2 pin will
produce the interrupt. See Section7 for a detailed description of 1/O
programming and Section 4 for a detailed description of Interrupts.

1.3.12 BP0O/PDO-BP3/PD3

These four pins are either general purpose output pins port D or Backplane
outputs (BPO-BP3) of LCD driver. See Section 7 for a detailed description of 1/0
programming and Section 10 for a detail description of LCD Drivers.

1.3.13 FP32/PD4-FP35/PD7
These four pins are either general purpose output pins port D or Frontplane
outputs (FP32-FP35) of LCD driver.

1.3.14 FP24/PEO-FP31/PE7

These eight pins are either general purpose output pins port E or Frontplane
outputs (FP24-FP31) of LCD driver.

MC68HCO5PD6 GENERAL DESCRIPTION MOTOROLA
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1.3.15 FP16/PFO-FP23/PF7
These eight pins are either general purpose 1/O pins port F or Frontplane outputs
(FP23-FP16) of LCD driver.

1.3.16 FP8/PGO-FP15/PG7
These eight pins are either general purpose 1/O pins port G or Frontplane outputs
(FP8-FP15) of LCD driver.

1.3.17 FPO/PHO-FP7/PH7
These eight pins are either general purpose I/0O pins port H or Frontplane outputs
(FPO-FP7) of LCD driver.

1.3.18 VLCD3

VLCD3 provides the voltage reference for the LCD driver circuitry. See Section 10
for a detail description of LCD driver.

1.3.19 BS1-BS3
These are the power saving pins output from P-Decoder.
1.3.20 DIN

This is the CCIR Radiopaging Code No.1 data input pin.

MOTOROLA GENERAL DESCRIPTION MC68HCO5PD6
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SECTION 2
MEMORY

GENERAL RELEASE SPECIFICATION

The MC68HCO5PD6 has 64k-bytes of addressable memory, consisting of 64
bytes of I/O, 512 bytes of user RAM, and 16384 bytes of user ROM, as shown in

Figure 2-1.
21 MEMORY MAP
The MC68HCO5PD6 Memory Map is shown in Figure 2-1.
$0000 0 $0000
I/0
64 BYTES
$003F 63
$0040 RAM A 64
512 BYTES 191
$00CO N 192 DUAL MAPPED
$O0FF STACK 64 BYTES 255 /10 IZE(E)}I/?(;I’SERS
256
$023F v _|575
$0240 576
UNUSED
$OFFF 4095
$1000 4096
USER ROM $003F
16K BYTES
$4FFF 20479
$5000 20480
UNUSED
$FDFF 65023
$FEOO 65024
SELF-CHECK ROM
$FFDF 65503
$FFEO 65504
SFEEF TEST VECTORS 65519
$FFFO 65520
SFEFF USER VECTORS 65535
Figure 2-1. MC68HCO05PD6 Memory Map
MC68HCO5PD6 MEMORY
REV 1.1
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2.2

2.3

2.4

ROM

The user ROM consists of 16K bytes of ROM from $1000 through $4FFF and 16
bytes of user vectors from $FFFO through $FFFF. The Self-Check ROM is located
from $FEO0O through $FFDF and Self-Check vectors are located from $FFEO
through $FFEF.

RAM

The user RAM consists of 512 bytes from $0040 to $023F. The stack pointer can
access 64 bytes of RAM from $00FF to $00CO0. Using the stack area for data stor-
age or temporary work locations requires care to prevent it from being overwritten
due to stacking from an interrupt or subroutine call.

I/O AND CONTROL REGISTERS

There are two I/O memory map — Main 1/O map and Option 1/O map. The Main I/O
map is located at $0000-$003F and is accessible when OPTM bit in the MISC reg-
ister ($003E) is clear. The Option Map is located at $0000-$003F and is accessi-
ble when OPTM bit in the MISC register ($003E) is set. Figure 2-2 to Figure 2-9
show the two I/O mappings.

MOTOROLA MEMORY MC68HCO5PD6

2-2
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READ
ADDR REGISTER write| 7 6 5 4 3 2 1 0
PORT A DATA R
$0000| oonTA | PA7 | PAS | PAs | Paa | PA3 | PA2 | PAL | PAO
PORT B DATA R
$0001| ponTR | Pe7 | Pes PB5 | PB4 | PB3 | PB2 | PBL | PBO
PORT C DATA R
$0002 | [ on Wl P Pce | Pcs | Pca | PC3 | PC2 | PCL | PCO
R
$0003 | PORT D DATA | pPD7 | PD6 PD5 PD4 | PD3 | PD2 PD1 | PDO
PORTD W
PORT E DATA R
$0004 | o0 | PE7 | PES | PES | PEA | PE3 | PE2 | PEL | PEO
PORT F DATA R
$0005 | HoRTE m PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
PORT G DATA R
$0006 | [ ono o | PG7 | Pe6 | PG5 | PGa | PG3 | PG2 | PGL | PGO
R
soo07| PORT HDATA | PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO
PORTH W
R 0
$0008| INTERRUPT CONTROLREG | 7 | \phiE | RQ2E kwie | IRo1s | IRo2s |2 0
INTCR W
50009 | INTERRUPT STATUS REG R| IRQIF | IRQ2F | 0 KWIF 0 0 0 0
INTSR W RIRQL | RIRQ2 RKWIF
BAUD RATE REG R 0 0 0
$000A scp1 | scpo SCR2 | SCR1 | SCRO
BRR w
SERIAL COM CONTROLREG 1 | R
$000B| <oeRy | Re T8 M | WAKE
R
goooc| SERIALCOMCONTROLREG2 (| 1 | tcE | RIE ILE | TE RE | RWU | WBK
SCCR2 W
R
so000p| SERIALCOMSTATUSREG  R| oo | oo | rore | e | oR v | e
SCSR W
R
$000E | SERIAL COM DATA REG | scp7 | scpbe | scps | scba | scp3 | scp2 | scpi | scoo
SCDAT W
R
g000F | KEY INT ENABLE REG | KWIE7 | KWIE6 | KWIES | KWIE4 | KWIE3 | KWIE2 | KWIE1 | KWIED
KWIEN W
UNIMPLEMENTEDI:I RESERVED-
Figure 2-2. MC68HCO5PD6 Main I/O Register $00-$0F (OPTM = 0)
MC68HCO5PD6 MEMORY MOTOROLA
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READ
ADDR REGISTER weiel 7 6 5 4 3 2 1 0
R 0 0 0 0
s0010| TMEBASE CONTROLREG L R | o0\ LK or1 | Toro
TBCR1 W
R| o 0 0 0 0
s0011| TIME BASE CONTROL REG 2 rr1 | RTRO COPE
TBCR2 W
TIMER CONTROL REG R 0 0
$0012 | cie | ocuE | ToOIE OoE1 | IEDG | oLvL
TCR W
R 0 0 0 0 0
$0013 | JIMER STATUS REG | 1cF | ociF | ToF
TSR W
$0014| 'NPUT CAPTURE REG H R| i1c15 | 1c14 | 1c13 | 1c12 | ici1 | ic1o | ico IC8
ICAPH W
INPUT CAPTURE REG L R IC7 1C6 IC5 IC4 IC3 1C2 IC1 ICO
$0015
ICAPL W
R
$0016 %UCTlF;UTCOMPARE REGH 171 10c15 | 10c14 | 10c13 | 10c12 | 10c11 | 10c10 | 10c9 | 10C8
w
R
goo17 | QUTPUTCOMPAREREGL | =1 1507 | 1006 | 1005 | 10c4 | 10C3 | 10c2 | 10C1 | 10C0
ociL W
so015| COUNTER REG H R|CNT15 | cNT14 | cNT13 | oNT12 | oNT1t | eNT10 | onTo | onTs
CNTH W
so016 | COUNTERREG L R| cNT7 | cNT6 | oNT5 | cNT4 | oNT3 | oNT2 | oNTL | oNTo
CNTL W
COUNTER ALTERNATEREGH | R | ACNT15 |ACNT14 | ACNT13 |ACNT12 | ACNT11 |ACNT10| ACNTY | ACNTS
$001A
ACNTH W
COUNTER ALTERNATE REG L | R | ACNT7 | ACNT6 | ACNT5 | ACNT4 | ACNT3 | ACNT2 | ACNT1 | ACNTO
$001B
ACNTL W
R 0
g001c| T'MER CONTROL REG 2 | TIIE | oc2iE T2CLK | M2 IL2 oE2 | oL2
TCR2 W
R
$001D| T'MER STATUS REG 2 L~ TI2F | OC2F 0 0 RTI2F | ROC2F | © 0
TSR2 W
R
soo1e | QUTPUTCOMPAREREG2 | T 1 50c7 | 20c6 | 20c5 | 20c4 | 20C3 | 20C2 | 20C1 | 20C0
oc2 W
] TIMER COUNTER REG 2 R | 2CNT7 | 2CNT6 | 2CNT5 | 2CNT4 | 2CNT3 | 2CNT2 | 2CNT1 | 2CNTO
001F
CNT2 w Timer Reset to $01
UNIMPLEMENTEDI:I RESERVED-
Figure 2-3. MC68HCO5PD6 Main I/O Register $10-$1F (OPTM =0)
MOTOROLA MEMORY MC68HCO5PD6
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READ

ADDR REGISTER WRITE| 7 6 5 4 3 2 1 0
LCD CONTROL REG 0 0 0

$0020 | | Cper LCDE DUTYS |DUTYOF FC LC

LCD REGISTER 1

$0021 LCDR1 F1B3 F1B2 F1B1 F1BO FOB3 FOB2 FOB1 FOBO

LCD REGISTER 2

$0022 LCDR2 F3B3 F3B2 F3B1 F3BO F2B3 F2B2 F2B1 F2BO

LCD REGISTER 3

$0023 LCDR3

F5B3 F5B2 F5B1 F5B0O F4B3 F4B2 F4B1 F4BO

LCD REGISTER 4

$0024 | LCDR4 F7B3 F7B2 F7B1 F7B0 F6B3 F6B2 F6B1 F6BO

LCD REGISTER 5

$0025 LCDR5 FOB3 FoB2 FO9B1 FOBO F8B3 F8B2 F8B1 F8BO

LCD REGISTER 6

$0026 LCDR6 F11B3 | F11B2 | F11B1 | F11BO | F10B3 | F10B2 | F10B1 | F10BO

LCD REGISTER 7

$0027 LCDR7

F13B3 | F13B2 | F13B1 | F13BO | F12B3 | F12B2 | F12B1 | F12BO

LCD REGISTER 8

$0028 LCDRS F15B3 | F15B2 | F15B1 | F15B0O | F14B3 | F14B2 | F14B1 | F14B0O

LCD REGISTER 9

$0029 LCDR9 F17B3 | F17B2 | F17B1 | F17BO | F16B3 | F16B2 | F16Bl1 | F16BO

LCD REGISTER 10

$002A LCDR10 F19B3 | F19B2 | F19B1 | F19BO | F18B3 | F18B2 | F18B1 | F18BO

LCD REGISTER 11

$002B LCDR11 F21B3 | F21B2 | F21B1 | F21BO | F20B3 | F20B2 | F20B1 | F20BO

LCD REGISTER 12

$002C LCDR12 F23B3 | F23B2 | F23B1 | F23B0 | F22B3 | F22B2 | F22B1 | F22B0O

LCD REGISTER 13

$002D LCDR13 F25B3 | F25B2 | F25B1 | F25B0 | F24B3 | F24B2 | F24B1 | F24B0

LCD REGISTER 14

$002E LCDR14 F27B3 | F27B2 | F27B1 | F27B0 | F26B3 | F26B2 | F26B1 | F26BO

LCD REGISTER 15

$002F F29B3 | F29B2 | F29B1 | F29B0O | F28B3 | F28B2 | F28B1 | F28B0O

SEIBEIBEEBE B B B BRI EBEIBEIEBEIBEIEBE BE BRI EE

LCDR15
UNIMPLEMENTEDI:I RESERVED-
Figure 2-4. MC68HCO5PD6 Main I/O Register $20-$2F (OPTM = 0)
MC68HCO5PD6 MEMORY MOTOROLA
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READ
ADDR REGISTER WRITE 7 6 5 4 3 2 1 0
LCD REGISTER 16 R
$0030 | F31B3 | F31B2 | F31B1 | F31BO | F30B3 | F30B2 | F30B1 | F30BO
LCDR16 W
LCD REGISTER 17 R
$0031 — F33B3 | F33B2 | F33B1 | F33BO | F32B3 | F32B2 | F32B1 | F32B0
LCDR17 W
LCD REGISTER 18 R
$0032 | | ~pRr1s — F35B3 | F35B2 | F35B1 | F35B0 | F34B3 | F34B2 | F34B1 | F34B0
w
RTC HOUR REG R 0 0 0
$0033 HOUR4 | HOUR3 | HOUR2 | HOUR1 | HOURO
HOUR W
RTC MINUTE REG R 0 0
$0034 | MIN MIN4 MIN4 MIN3 MIN2 MIN1 MINO
w
RTC SECOND REG R 0 0
$0035 SEC5 | SEC4 | SEC3 | SEC2 | SEC1 | SECO
SEC W
RTC HOUR ALARM REG R 0 0 0
$0036 HOURA4|HOURA3|HOURA2|HOURA1|HOURAO
HOURA W
RTC MINUTE ALARM REG R 0 0
$0037 MINA5 | MINA4 | MINA3 | MINA2 | MINAL | MINAO
MINA W
R 0 0
$0038 RTC SECOND ALARM REG SECA5 | SECA4 | SECA3 | SECA2 | SECA1L | SECA0
SECA W
R 0 0 0 0 0
$0039 RTC STATUS REG SECF ALF RTCF
RTCS W
R
$003A RTC CONTROL REG 0 0 0 0 0 SECE ALE RTCE
RTCC W
UNIMPLEMENTED R
$003B =
w
UNIMPLEMENTED R
$003C _
w
$003D EPROM CONTROL REG R
PCR W
MISCELLEOUS REG R | FTUP | STUP 0 0
$003E SYS1 | SYSO | FOSCE | OPTM
MISC W
$003F TEST REG R
TEST W
UNIMPLEMENTEDI:I RESERVED-
Figure 2-5. MC68HCO5PD6 Main 1/O Register $30-$3F (OPTM = 0)
MOTOROLA MEMORY MC68HCO5PD6
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READ

ADDR REGISTER WRITE 7 6 5 4 3 2 1 0

PORT A DATA DIRECTION REG

$0000 | ppRrA DDRA7 | DDRAG6 | DDRA5 | DDRA4 | DDRA3 | DDRA2 | DDRA1 | DDRAO
PORT B DATA DIRECTION REG
$0001 DDRB DDRB7 | DDRB6 | DDRB5 | DDRB4 | DDRB3 | DDRB2 | DDRB1 | DDRBO

PORT C DATA DIRECTION REG

$0002 DDRC DDRC7 | DDRC6 | DDRC5 | DDRC4 | DDRC3 | DDRC2 | DDRC1 | DDRCO

PORT D MUX REGISTER
$0003 | pppmux

PDM7 | PDM6 | PDM5 | PDM4

PORT E MUX REGISTER

$0004 | PEMUX PEM7 PEM6 PEM5 PEM4 | PEMS3 PEM2 PEM1 PEMO

PORT F DATA DIRECTION REG

$0005 DDRF DDRF7 | DDRF6 | DDRF5 | DDRF4 | DDRF3 | DDRF2 | DDRF1 | DDRFO

PORT G DATA DIRECTION REG

$0006 DDRG DDRG7 | DDRG6 | DDRG5 | DDRG4 | DDRG3 | DDRG2 | DDRG1 | DDRGO

PORT H DATA DIRECTION REG

$0007 DDRH DDRH7 | DDRH6 | DDRH5 | DDRH4 | DDRH3 | DDRH2 | DDRH1 | DDRHO
RESISTOR CONTROL REG 1 0 0 0 0
$0008 RCR1 RBH RBL RAH RAL

RESISTOR CONTROL REG 2

$0009 | RcRo RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO
OPEN DRAIN CONTROL REG 0 0
$000A | \vom1 DWOMH | DWOML | EWOMH | EWOML AWOMH | AWOML

OPEN DRAIN CONTROL REG

$000B WOM2 CWOMS | CWOM4 | CWOM3 | CWOM2 | CWOM1 | CWOMO

PORT F MUX REGISTER

$000C PEMUX PFM7 PFM6 PFM5 PFM4 PFM3 PFM2 PFM1 PFMO

PORT G MUX REGISTER

$000D PGMUX PGM7 | PGM6 | PGM5 | PGM4 | PGM3 | PGM2 | PGM1 | PGMO

PORT H MUX REGISTER

$000E PHMUX PHM7 | PHM6 | PHM5 | PHM4 | PHM3 | PHM2 | PHM1 | PHMO

MASK OPTION STATUS REG RSTR | OSCR | XOSCR 0 0 0 0 0

$000F | \iosR

=Py §|:U §|:U §|:U =S| §|:U §|:U =S| §|:U §|:U §|:U §|:U §|:U §|:U §|:U §|:U

UNIMPLEMENTEDI:I RESERVED-

Figure 2-6. MC68HCO5PD6 Option I/0 Register $00-$0F (OPTM = 1)

MC68HCO5PD6 MEMORY MOTOROLA
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READ
ADDR REGISTER WRITE 7 6 5 4 3 2 1 0
PD STATUS REGISTER R 0 0 ERRF SCF
$0010 DCF DBF | MSGF | ADRF
PDSR W
PD CONTROL REGISTER 1 R 0 0
$0011 | ppcRr1 — PDEN PROGC| DCIE DBIE | MSGIE | ADRIE
W
PD CONTROL REGISTER 2 R 0 0 0 0 0
$0012 | ppcRo w FB2 FB1 FBO
PD CONTROL REGISTER 3 R
$0013 | PLL1 PLLO DS1 DSO DPOL FA2 FA1 FAO
PDCR3 W
USER ADDREESS A REG 0 R
$0014 | ApRAQ M A7 A6 A5 Ad A3 A2 Al AO
USER ADDREESS A REG 1 R
$0015 | ADRA1 —  A15 Ald A13 Al2 Al1l A10 A9 A8
W
R 0 0 0 0 0
$0016 USER ADDREESS A REG 2 R AFNS AL7 ALS
ADRA2 W
USER ADDREESS B REG 0 R
$0017 | ApRBEO M B7 B6 B5 B4 B3 B2 B1 BO
USER ADDREESS B REG 1 R
$0018 —  B15 B14 B13 B12 B11 B10 B9 B8
ADRB1 W
USER ADDREESS B REG 2 R 0 0 0 0 0
$0019 | ApRB2 M BFNS B17 B16
USER ADDREESS C REG 0 R
$001A| ApRCO W C7 c6 c5 c4 c3 (o7 c1 Co
USER ADDREESS C REG 1 R
$001B — C15 C14 C13 C12 Cc11 C10 Cc9 c8
ADRC1 W
USER ADDREESS C REG 2 R 0 0 0 0 0
$001C| ApRrc2 | CFNS c17 | cie
w
USER ADDREESS D REG 0 R
$001D | AprDO m D7 D6 D5 D4 D3 D2 D1 DO
USER ADDREESS D REG 1 R
$001E — D15 D14 D13 D12 D11 D10 D9 D8
ADRD1 W
USER ADDREESS D REG 2 R 0 0 0 0 0
$001F | ApRD2 m DFNS D17 D16
UNIMPLEMENTEDI:I RESERVED-
Figure 2-7. MC68HCO5PD6 Option 1/0 Register $10-$1F (OPTM = 1)
MOTOROLA MEMORY MC68HCO5PD6
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READ
ADDR REGISTER WRITE 7 6 5 4 3 2 1 0
USER ADDREESS E REG 0 R
$0020 | ADREO W E7 E6 E5 E4 E3 E2 E1l EO
USER ADDRESS E REG 1 R
$0021 | ADRE1 W E15 El4 E13 E12 El1 E10 E9 E8
USER ADDRESS E REG 2 R 0 0 0 0 0
USER ADDRESS F REG 0 R
$0023 | ADRFO W F7 F6 F5 F4 F3 F2 F1 FO
R
$0024 USER ADDRESS F REG 1 | F15 F14 F13 F12 F11 F10 F9 F8
ADRF1 W
USER ADDREESS F REG 2 R 0 0 0 0 0
$0025 | ADRE2 W FFNS F17 F16
RECEIVED ADDR INFO REG R 0 0 F1 FO 0 RA2 RAL RAO
$0026 | AR W
RECEIVED MSG INFO REG 0 R| RMI7 RMI6 RMI5 RMI4 RMI3 RMI2 RMI1 RMIO
$0027 | RMIRO W
RECEIVED MSG INFO REG 1 R | RMI15 | RMI14 | RMI13 | RMI12 | RMI11l | RMI10 RMI9 RMI8
RECEIVED MSG INFO REG 2 R 0 0 0 0 RMI19 | RMI18 | RMI17 | RMI16
$0029 | pviR2
W
UNIMPLEMENTED R
$002A
W
UNIMPLEMENTED R
$002B
W
UNIMPLEMENTED R
$002C
W
UNIMPLEMENTED R
$002D
W
UNIMPLEMENTED R
$002E
W
UNIMPLEMENTED R
$002F
W
UNIMPLEMENTED- RESERVED-
Figure 2-8. MC68HCO5PD6 Option I/O Register $20-$2F (OPTM = 1)
MC68HCO5PD6 MEMORY MOTOROLA
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READ
ADDR REGISTER WRITE
UNIMPLEMENTED R
$0030
w
UNIMPLEMENTED R
$0031
w
UNIMPLEMENTED R
$0032
w
UNIMPLEMENTED R
$0033
w
UNIMPLEMENTED R
$0034
w
UNIMPLEMENTED R
$0035
w
UNIMPLEMENTED R
$0036
w
UNIMPLEMENTED R
$0037
w
UNIMPLEMENTED R
$0038
w
UNIMPLEMENTED R
$0039
w
UNIMPLEMENTED R
$003A
w
UNIMPLEMENTED R
$003B
w
UNIMPLEMENTED R
$003C
w
UNIMPLEMENTED R
$003D
w
$003E MISCELLEOUS REG R
MISC W
UNIMPLEMENTED R
$003F
w
MOTOROLA

2-10

FTUP

STUP 0

UNIMPLEMENTED-

MEMORY

SYS1

SYSO0

FOSCE | OPTM

RESERVED-

Figure 2-9. MC68HCO5PD6 Option I/O Register $30-$3F (OPTM = 1)

MC68HCO5PD6
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SECTION 3
CENTRAL PROCESSING UNIT

The MC68HCO5PD6 has a 64 kbytes memory map. The stack has only 64 bytes.
Therefore, the stack pointer has been reduced to only 6 bits and will only
decrement down to $00C0 and then wrap-around to $00FF. All other instructions
and registers behave as described in this chapter.

3.1 REGISTERS

The MCU contains five registers which are hard-wired within the CPU and are not
part of the memory map. These five registers are shown in Figure 3-1 and are
described in the following paragraphs.

T T T T T T T
ACCUMULATOR A
1 1 1 1 1 1 1
T T T T T T T
INDEX REGISTER X
15 14 13 12 11 10 9 8 | | | | | ! 1
I I I) é I
0 0 0 0 0 0 0 0 1 1 STACK POINTER SP
| | | | |
IPRO&SRAMI COUIITERI PC
| | | | |
CONDITION CODE REGISTER 1 1 1 H | N z Cc cC
HALF-CARRY BIT (FROM BIT 3) —I
INTERRUPT MASK
NEGATIVE BIT
ZERO BIT
CARRY BIT

Figure 3-1. MC68HCO05 Programming Model

MC68HCO5PD6 CENTRAL PROCESSING UNIT MOTOROLA
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3.2

3.3

3.4

ACCUMULATOR (A)

The accumulator is a general purpose 8-bit register as shown in Figure 3-1. The
CPU uses the accumulator to hold operands and results of arithmetic calculations
or non-arithmetic operations. The accumulator is not affected by a reset of the
device.

INDEX REGISTER (X)

The index register shown in Figure 3-1 is an 8-bit register that can perform two
functions:

* Indexed addressing

« Temporary storage

In indexed addressing with no offset, the index register contains the low byte of
the operand address, and the high byte is assumed to be $00. In indexed
addressing with an 8-bit offset, the CPU finds the operand address by adding the
index register content to an 8-bit immediate value. In indexed addressing with a
16-bit offset, the CPU finds the operand address by adding the index register
content to a 16-bit immediate value.

The index register can also serve as an auxiliary accumulator for temporary
storage. The index register is not affected by a reset of the device.

STACK POINTER (SP)

The stack pointer shown in Figure 3-1 is a 16-bit register. In MCU devices with
memory space less than 64 Kbytes the unimplemented upper address lines are
ignored. The stack pointer contains the address of the next free location on the
stack. During a reset or the reset stack pointer (RSP) instruction, the stack pointer
is set to $00FF. The stack pointer is then decremented as data is pushed onto the
stack and incremented as data is pulled off the stack.

When accessing memory, the ten most significant bits are permanently set to
0000000011. The six least significant register bits are appended to these ten fixed
bits to produce an address within the range of $00FF to $00CO0. Subroutines and
interrupts may use up to 64($C0) locations. If 64 locations are exceeded, the
stack pointer wraps around and overwrites the previously stored information. A
subroutine call occupies two locations on the stack and an interrupt uses five
locations.

MOTOROLA CENTRAL PROCESSING UNIT MC68HCO5PD6
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PROGRAM COUNTER (PC)

The program counter shown in Figure 3-1 is a 16-bit register. In MCU devices
with memory space less than 64 Kbytes the unimplemented upper address lines
are ignored. The program counter contains the address of the next instruction or
operand to be fetched.

Normally, the address in the program counter increments to the next sequential
memory location every time an instruction or operand is fetched. Jump, branch,
and interrupt operations load the program counter with an address other than that
of the next sequential location.

CONDITION CODE REGISTER (CCR)

The CCR shown in Figure 3-1 is a 5-bit register in which four bits are used to
indicate the results of the instruction just executed. The fifth bit is the interrupt
mask. These bits can be individually tested by a program, and specific actions can
be taken as a result of their states. The condition code register should be thought
of as having three additional upper bits that are always ones. Only the interrupt
mask is affected by a reset of the device. The following paragraphs explain the
functions of the lower five bits of the condition code register.

Half Carry Bit (H-Bit)

When the half-carry bit is set, it means that a carry occurred between bits 3 and 4
of the accumulator during the last ADD or ADC (add with carry) operation. The
half-carry bit is required for binary-coded decimal (BCD) arithmetic operations.

Interrupt Mask (I-Bit)

When the interrupt mask is set, the internal and external interrupts are disabled.
Interrupts are enabled when the interrupt mask is cleared. When an interrupt
occurs, the interrupt mask is automatically set after the CPU registers are saved
on the stack, but before the interrupt vector is fetched. If an interrupt request
occurs while the interrupt mask is set, the interrupt request is latched. Normally,
the interrupt is processed as soon as the interrupt mask is cleared.

A return from interrupt (RTI) instruction pulls the CPU registers from the stack,
restoring the interrupt mask to its state before the interrupt was encountered. After
any reset, the interrupt mask is set and can only be cleared by the Clear I-Bit
(CLI), or WAIT instructions.

Negative Bit (N-Bit)

MC68HCO5PD6 CENTRAL PROCESSING UNIT MOTOROLA
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3.6.4

3.6.5

The negative bit is set when the result of the last arithmetic operation, logical
operation, or data manipulation was negative. (Bit 7 of the result was a logical
one.)

The negative bit can also be used to check an often tested flag by assigning the
flag to bit 7 of a register or memory location. Loading the accumulator with the
contents of that register or location then sets or clears the negative bit according
to the state of the flag.

Zero Bit (Z-Bit)
The zero bit is set when the result of the last arithmetic operation, logical
operation, data manipulation, or data load operation was zero.

Carry/Borrow Bit (C-Bit)

The carry/borrow bit is set when a carry out of bit 7 of the accumulator occurred
during the last arithmetic operation, logical operation, or data manipulation. The
carry/borrow bit is also set or cleared during bit test and branch instructions and
during shifts and rotates. This bit is neither set by an INC nor by a DEC instruction.

MOTOROLA CENTRAL PROCESSING UNIT MC68HCO5PD6
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SECTION 4
INTERRUPTS

The MCU can be interrupted in seven different ways:
* Non-maskable Software Interrupt Instruction (SWI)
» P-Decoder Interrupt
« External Interrupt (IRQ)
+  Key Wake-Up Interrupt (KWI)
* Timer Interrupt
e SCI Interrupt
* RTC Interrupt

41 CPU INTERRUPT PROCESSING

Interrupts cause the processor to save register contents on the stack and to set the
interrupt mask (I-bit) to prevent additional interrupts. Unlike RESET, hardware interrupts
do not cause the current instruction execution to be halted, but are considered pending
until the current instruction is complete.

If interrupts are not masked (I-bit in the CCR is cleared) and the corresponding interrupt
enable bit is set the processor will proceed with interrupt processing. Otherwise, the next
instruction is fetched and executed. If an interrupt occurs the processor completes the
current instruction, then stacks the current CPU register states, sets the I-bit to inhibit
further interrupts, and finally checks the pending hardware interrupts. If more than one
interrupt is pending following the stacking operation, the interrupt with the highest vector
location shown in Table 4-1 will be serviced first. The SWI is executed the same as any
other instruction, regardless of the I-bit state.

When an interrupt is to be processed the CPU fetches the address of the appropriate
interrupt software service routine from the vector table at locations $FFFO thru $FFFF as
defined in Table 4-1.

An RTI instruction is used to signify when the interrupt software service routine is
completed. The RTI instruction causes the register contents to be recovered from the
stack and normal processing to resume at the next instruction that was to be executed
when the interrupt took place. Figure 4-1 shows the sequence of events that occur during
interrupt processing.

MC68HCO5PD6 INTERRUPTS MOTOROLA
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Table 4-1. Vector Address for Interrupts and Reset

Function Source Local Global Priority vector
Mask Mask Address
Power-On Logic None
Reset RESET Pin None None 1 $FFFE-$FFFF
COP Watchdog COPE Bit
SWI User Code None None i?ﬁitfﬂﬁfgﬁ $FFFC-$FFFD
DCF Bit DCIE
P-Decoder DEBF Bit PBIE | Bit 2 $FFFA-$FFFB
Interrupts MSGF Bit MSGIE
ADRF Bit ADRIE
IRQ1F Bit IRQ1E .
External Interrupts . | Bit 3 $FFF8-$FFF9
IRQ2F Bit IRQ2E
Key Wake-up KWIF Bit KWIE | Bit 4 $FFF6-$FFF7
TI2F Bit TI2IE
OC2F Bit OC2IE
Timer Interrupts ICF Bit ICIE | Bit 5 $FFF4-$FFF5
OCI1F Bit OC1IE
TOF Bit TOIE
TDRE Bit TIE
TC Bit TCIE .
SCI Interrupts . | Bit 6 $FFF2-$FFF3
RDRF Bit RIE
IDLE Bit ILIE
RTCF Bit RTCE
RTC Interrupts ALF Bit ALE | Bit 7 $FFFO-$FFF1
SECF Bit SECE
MOTOROLA INTERRUPTS MC68HCO5PD6
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From

RESET

IRQ |
External Clear IRQ
Latch
Internal
Interrupt
?
N PC -> (SP,SP-1)
X -> (SP-2)
A -> (SP-3)
Fetch Next CcC -> (SP-4)
Instruction l
Set I-Bit in CCR

Load Interrupt
Vectors to PC

J

Restore Registers
from Stack
CC, A X, PC

RTI

Instruction
?

Execute
Instruction

Figure 4-1. Interrupt Processing Flowchart

4.2 RESET INTERRUPT SEQUENCE

The RESET function is not in the strictest sense an interrupt; however, it is acted upon in
a similar manner. A low level input on the RESET pin or an internally generated reset
signal causes the program to vector to its starting address which is specified by the
contents of $FFFE and $FFFF. The I-bit in the condition code register is also set. The
MCU is configured to a known state during this type of reset as described in Section 5.

4.3 SOFTWARE INTERRUPT (SWI)

The SWI is an executable instruction and a non-maskable interrupt since it is executed
regardless of the state of the I-bit in the CCR. If the I-bit is zero (interrupts enabled), the

MC68HCO5PD6 INTERRUPTS MOTOROLA
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SWI instruction executes after interrupts which were pending before the SWI was fetched,
or before interrupts generated after the SWI was fetched. The interrupt service routine
address is specified by the contents of $FFFC and $FFFD.

44 HARDWARE INTERRUPTS

All hardware interrupts except RESET are maskable by the I-bit in the CCR. If the I-bit is
set, all hardware interrupts (internal and external) are disabled. Clearing the I-bit enables
the hardware interrupts. There are four types of hardware interrupts which are explained
in the following sections.

4.4.1 P-Decoder Interrupt (PDI)

The P-Decoder interrupt vectors located at $FFFA and $FFFB. It contains four interrupt
sources (DCI, DBI, MSGI, ADRI). These interrupts are generated only if the
corresponding enable bit is set and the | bit of the CCR is cleared. See Section 12 for
more information on P-Decoder interrupts.

4.4.2 IRQ1 and IRQ2

Two external interrupt request inputs, IRQ1 and IRQ2 share the same vector address at
$FFF8 and $FFF9.

If the IRQ option is edge and level sensitive triggering (IRQxS=0), a low level at the IRQ
pin and a cleared interrupt mask bit of the condition code register will cause an
EXTERNAL INTERRUPT to occur. If the MCU has finished with the interrupt service
routine, but the IRQ pin is still low, the EXTERNAL INTERRUPT will start again. In fact,
the MCU will keep on servicing the EXTERNAL INTERRUPT as long as the IRQ pin is
low. If the IRQ pin goes low for a while and resumes to high (a negative pulse) before the
interrupt mask bit is cleared, the MCU will not recognize there was an interrupt request,
and no interrupt will occur after the interrupt mask bit is cleared. IRQXS is located in
Interrupt Control Register (INTCR).

If the IRQ option is negative edge sensitive triggering (IRQxS=1), a negative edge occurs
at the IRQ pin and a cleared interrupt mask bit of the condition code register will cause an
EXTERNAL INTERRUPT to occur. If the MCU has finished with the interrupt service
routine, but the IRQ pin has not returned back to high, no further interrupt will be
generated. The interrupt logic recognizes negative edge transitions and pulses (special
case of negative edges) only. If the negative edge occurs while the interrupt mask bit is
set, the interrupt signal will be latched, and interrupt will occur as soon as the interrupt
mask bit is cleared. The latch will be cleared by RESET or cleared automatically during
fetch of the EXTERNAL INTERRUPT vectors. Therefore, one (and only one) external
interrupt edge could be latched while the interrupt mask bit is set.

The IRQ1 and IRQ2 are enabled by IRQ1E and IRQ2E bits and IRQ1F and IRQ2F bits
are provided as an indicator in the Interrupt Status Register (INTSR). Since the IRQ1(2)F

MOTOROLA INTERRUPTS MC68HCO5PD6
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can be set by either the pins or the data latches of PC7(6), be sure to clear the flags by
software before setting the IRQ1(2)E bit.

The IRQ1 and the IRQ2 pins are shared with the Port C bit 7 and bit 6, respectively, and
IRQx pin states can be determined by reading Port C pins. The BIL and BIH instructions
apply only to the IRQ1 input.

» FOR BIH/BIL
0
S
E READ INTSR
H—D Q ~ L
IRQI c S
(PC7) = T SQ _ DATA
[ 2
RESET/POR ﬁ
Write 1 to RIRQ1
IRQLE INT
IRQ2E
Write 1 to RIRQ2
RESET/POR%
| ~ DATA
IRQ2 BUS
PC6
(PC6) H
READ INTSR
0
Figure 4-2. External Interrupt
MC68HCO05PD6 INTERRUPTS MOTOROLA
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4.4.3 Key Wake-up Interrupt (KWI)

The eight Key Wake-up interrupt vectors located at $FFF6 and $FFF7.

These eight Key Wake-up inputs (KWI0-KWI7) share pins with Port B. Provided the I bit
in CCR is cleared, each key wake-up input is enabled by the corresponding bit in the
KWIEN register, and Key Wake-up Interrupt (KWI) is enabled by the KWIE bit in the
INTCR.

When a falling edge is detected at one of the enabled key wake-up inputs, the KWIF bit
in the INTSR is set and KWI is generated if KWIE = 1. Each input has a latch which
responds only to the falling edge at the pin and all input latches are cleared at the same
time by clearing KWIF bit (see Figure 4-3).

KWIEO

H-{D Q LD—

KWIO
- oC
(PBO) B
KWE
H—{D Q )
KWI1 C
(PB1) B
READ KWIF
o KWI2 to KWI6 .
S
Q
KWIE7 KWIF
| R
H—D Q )
KWI7 C
(PB7) B

RESET/POR j@:
Write 1 to RKWIF
KWIE e Kwi

Figure 4-3. Key Wake-up Interrupt (KWI)

MOTOROLA INTERRUPTS MC68HCO5PD6
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4.4.4 Timer Interrupt

Timer 1 and Timer 2 Interrupts share the same interrupt vector at $FFF4 and $FFF5.
Timer 1 contains three interrupt sources (TOI, ICI and OCL1I) and Timer 2 contains two
interrupt sources (TI2I and OC2l). These interrupts are generated only if the
corresponding enable bit is set and the | bit of the CCR is cleared. See Section 9 for more
information on timer interrupts.

4.4.5 Serial Communication Interface (SCI)

The SCl interrupt use the vector at $FFF2 and $FFF3. The SCI interrupt occurs when one
of the interrupt flag bits in the serial communications status register is set, provided the |
bit in the CCR is clear and the enable bit in the serial communications control register 2
is set. Software in the serial interrupt service routine must determine the cause and priority
of the SCI interrupt by examining the interrupt flags and status bits in the SCI status
register. See Section 11 for more information on SCI interrupts.

4.4.6 Real Time Clock Interrupt (RTC)

The RTC interrupt is enabled when either RTCE, ALE or SECE bit in the control register
is set, provided the interrupt mask bit of the CCR is cleared. The interrupt service routine
address is specified by the contents of $FFF0 and $FFF1.

4.4.7 Interrupt Control Register (INTCR)

7 6 5 4 3 2 1 0
R
INTCR || RrRO1E IRQ2E KWIE IRQ1S IRQ2S
$0008 |w
reset [J 0 0 0 0 0 0 0 0

IRQLE — Interrupt 1 Enable
IRQ1E bit enables IRQ1 interrupt when IRQ1F is set. This bit is cleared on
reset.
0 = IRQL1 Interrupt is disabled
1= IRQ1 Interrupt is enabled

IRQ2E — Interrupt 2 Enable
IRQ2E bit enables IRQ2 interrupt when IRQ2F is set. This bit is cleared on
reset.
0= IRQ2 Interrupt is disabled
1= IRQ2 Interrupt is enabled

MC68HCO5PD6 INTERRUPTS MOTOROLA
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KWIE — Key Wake-up Enable
Key Wake-up Interrupt (KWI) Enable bit enables Key Wake-up Interrupt when
KWIF is set. This bit is cleared on reset.
0= KWiIlis disabled
1= KWIis enabled

IRQ1S - IRQ1 Select Edge Sensitive Only
0 = IRQL1 is configured for low LEVEL and negative edge sensitive
1= 1IRQ1 is configured to respond only to negative EDGEs

IRQ2S - IRQ2 Select Edge Sensitive Only
0 = IRQ2 is configured for low LEVEL and negative edge sensitive
1= IRQ2 is configured to respond only to negative EDGEs

4.4.8 Interrupt Status Register (INTSR)

7 6 5 4 3 2 1 0
R IRQ1F IRQ2F 0 KWIF 0 0 0 0
INTSR
$0009 W RIRQ1 RIRQ2 RKWIF
reset [J 0 0 0 0 0 0 0 0

IRQ1F — IRQ1 Interrupt Flag
When IRQ1S = 0, the falling edge or low level at IRQ1 pin sets IRQ1F. When
IRQ1S = 1, only the falling edge at pin sets IRQ1F bit. If IRQ1E bit and this bit
are set, an interrupt is generated. This bit is read only bit and cleared by writing
a 1 to the RIRQ1 bit. Reset clears this bit.

IRQ2F — IRQ2 Interrupt Flag
When IRQ2S = 0, the falling edge or low level at IRQ2 pin sets IRQ2F. When
IRQ2S = 1, only the falling edge at pin sets IRQ2F bit. If IRQZ2E bit and this bit
are set, an interrupt is generated. This bit is read only bit and cleared by writing
a 1 to the RIRQ2 bit. Reset clears this bit.

KWIF — Key Wake-up Interrupt Flag
When KWIEXx bit in the KWIEN register is set, the falling edge at KWIx pin sets
KWIF bit. If KWIE bit and this bit are set, an interrupt is generated. This bit is a
read only bit and clearing KWIF is accomplished by writing a 1 to the RKWIF
bit. Reset clears this bit.

RIRQ1 — Reset IRQ1 Flag
The RIRQ1 bit is a write only bit and always read as 0. Writing a 1 to this bit
clears the IRQL1F bit and writing O to this bit has no effect.

MOTOROLA INTERRUPTS MC68HCO5PD6
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RIRQ2 — Reset IRQ2 Flag
The RIRQ2 bit is a write only bit and always read as 0. Writing a 1 to this bit
clears the IRQ2F bit and writing a O to this bit has no effect.

RKWIF — Reset KWI Flag
The RKWIF bit is a write only bit and always read as 0. Writing a 1 to this bit
clears the KWIF bit and writing a O to this bit has no effect.

4.49 KEY WAKE-UP INPUT ENABLE REGISTER (KWIEN)

Option 7 6 5 4 3 2 1 0
map | g
KWIEN || «kwie7 KWIE6 KWIE5 KWIE4 KWIE3 KWIE2 KWIEL KWIEO
$000F |w
reset [J 0 0 0 0 0 0 0 0

KWIEx — Key Wake-up Input Enable (bit x)
When KWIEXx bit is set, the KWIx (PBx) input is enabled for Key Wake-up
Interrupt. This bit is cleared on reset.

MC68HCO5PD6 INTERRUPTS MOTOROLA
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SECTION 5
RESETS

The MCU can be reset in four ways:

« by an active low input to the RESET pin,

* by initial power-on reset,

* by COP watchdog reset, and

* by an illegal address access.
The RESET pin is an 1/O pin as shown in Figure 5-1. All the peripheral modules
which drive external pins will be reset by the synchronous reset signal (RST)

coming from a latch, which is synchronized to the internal bus clock and set by
any of the four reset sources.

RQL To IRQ
RQ2 I {>° " logic

LATCH Mode

RESET D T {>C Select

4

v

CPU
0sC I

Data 'I COP Watchdog A
Address > (COPR) LATCH To other

RST > peripherals

Power-On Reset PH2 —

V| >
DD (POR)

Opcode  —» llegal address Reset
Address ____ ) (ILADR)

Figure 5-1. Reset Block Diagram

5.1 EXTERNAL RESET (RESET)

The RESET pin is the only external reset source. This pin is connected to a Schmitt trigger
input gate to provide an upper and lower threshold voltage separated by a minimum
amount of hysteresis. This external reset occurs whenever the RESET pin is pulled below

MC68HCO5PD6 RESETS MOTOROLA
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the lower threshold and remains in reset until the RESET pin rises above the upper
threshold. This active low input will generate the RST signal and reset the CPU and
peripherals. Termination of the external RESET input can alter the operating mode of the
MCU.

NOTE

Activation of the RST signal is generally referred to as reset of the
device, unless otherwise specified.

5.2 INTERNAL RESETS

The three internally generated resets are the initial power-on reset, the COP Watchdog
Timer reset, and the illegal address reset

5.2.1 Power-On Reset (POR)

The internal POR is generated on power-up to allow the clock oscillator to stabilize. The
POR is strictly for power-on condition and is not able to detect a drop in the power supply
voltage (brown-out). There is an oscillator stabilization delay of 8072 OSC clock cycles
after the oscillator becomes active.

The POR will generate the RST signal which will reset the CPU. If any other reset function
is active at the end of this 8192 cycles delay, the RST signal will remain in the reset
condition until the other reset conditions end.

5.2.2 Computer Operating Properly Reset (COPR)

The internal COPR reset is generated automatically (if enabled) by a time-out of the COP
Watchdog Timer. This time-out occurs if the counter in the COP Watchdog Timer is not
reset (cleared) within a specific time by a program reset sequence. See Section 8 for
more information on this time-out feature.

5.2.3 lllegal Address Reset (ILADR)

The MCU monitors all opcode fetches. If an illegal address is accessed during an opcode
fetch, an internal reset is generated. lllegal address space consists of all unused locations
within the memory space and the I/O registers. (See Figure 2-1 for MC68HCO5PD6
Memory Map.) Because the internal reset signal is used, the MCU comes out of an ILADR
Reset in the same operating mode it was in when the opcode was fetched.

MOTOROLA RESETS MC68HCO5PD6
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SECTION 6
LOW POWER MODES

The MC68HCO0O5PD6 has two operating modes: Single-Chip (Normal) Mode, and
Self-check Mode. The Single-Chip Mode is the normal operating mode for the
MCU. The mode of operation is determined by the logic state on PC6 and PC7
pins, and the voltage on Vpp on the rising edge of the external RESET input.

Table 6-1. Operating Mode Initialization

MODE RESET PC7/IRQ1 PC6/IRQ2 VPP
Single-Chip (Normal) J Vss to Vpp Vss to Vpp Vss to Vpp
Self-Check Vsg Voo Vst

V1st=2 X Vpp

6.1 SINGLE-CHIP (NORMAL) MODE
The Single-Chip Mode allows the MCU to function as a self-contained
microcontroller, with maximum use of the pins for on-chip peripheral functions.
In the Single-Chip Mode all address and data activity occurs within the MCU and
is not available externally. Single-Chip Mode is entered if the VPP pin is within the
normal operating voltage range when the rising edge of a RESET. In Single-Chip
Mode, all I/O port pins are available.

6.2 SELF-CHECK MODE
The self-check program is mask at location $FE00 to $FFDF, and is used for
checking device functionality under minimum hardware support.

6.3 LOW-POWER MODES
In each of its configuration modes the MCU is capable of running in one of several
low-power operating modes. The WAIT and STOP instructions provide two modes
that reduce the power required for the MCU by stopping various internal clocks
and/or the oscillator. The flow of the STOP, and WAIT modes are shown in
Figure 6-1.

MC68HCO05PD6 LOW POWER MODES MOTOROLA
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6.3.1

6.3.2

STOP Instruction

The STOP instruction places the MCU in its lowest power consumption mode. In
STOP mode, the internal main oscillator OSC is turned off, halting all internal
processing, including timer operations (Timerl, Timer2, and COP Watchdog
timer). Sub oscillator XOSC does not stop oscillating. Therefore if XOSC is used
as the clock source for COP, COP is still functional in STOP mode. See Section 8
on Clock Distribution.

During the STOP mode, the TCR bits are altered to remove any pending timer
interrupt request and to disable any further timer interrupts. The timer prescaler is
cleared. The | bit in the CCR is cleared to enable external interrupts. All other
registers and memory remain unaltered. All input/output lines remain unchanged.
The processor can be brought out of the STOP mode only by RESET or interrupt
from IRQ1, IRQ2, KWI, PDI, or RTC.

WAIT Instruction

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 on-chip peripherals and oscillators remain active. Any interrupt or
reset (including a COP reset) will cause the MCU to exit the WAIT mode.

During the WAIT mode, the | bit in the CCR is cleared to enable interrupts. All
other registers, memory, and input/output lines remain in their previous state. The
timers may be enabled to allow a periodic exit from the WAIT mode. WAIT mode
must be exited and the COP must be reset to prevent a COP time-out.

The reduction of power in the WAIT mode depends on how many of the on-chip
peripheral's clock can be shut down. Therefore the amount of power that will be
consumed is very dependent on the application and that it would be prohibitive to
test all parts for all variations. For these reasons the data sheet will include values
for a limited number of variations. These variations and the corresponding MAX
power consumptions will be decided upon after initial characterization of silicon.

MOTOROLA LOW POWER MODES MC68HCO5PD6
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[ STATEA

CPU: RUN

PH2: X1/2

X1: ON RESET,
X2: ON INT

/

[ STATEB )

N

[ STATEC )

CPU: RUN CPU: RUN STATEA
PH2: X1/4 = = PH2: X1/64 STATEB
X1: ON X1: ON STATEC

X2: ON X2: ON

\ | /
[ STATED STOP

CPU: RUN
PH2: X2/2
X1: ON
X2: ON
A
X1EN=0 X1EN=1

STOP

Y
/ STATE E\

CPU: RUN POWER ON STATE D
PH2:  X2/2 STATEE
X1: OFF
X2: ON
INT
Note:
PH2 is at same frequency as
internal processor clock E

X1=0SC

X2=X0OSC Low Power <«—— - High Speed

X1EN=FOSCE STOP «EoDoCoBo A

Figure 6-1. Clock State and STOP Recovery/POR Delay Diagrams
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oo ) ()

Stop Oscillator OSC Oscillator Active
And All Clocks Timer Clock Active
except XOSC Processor Clocks Stopped
Clear | Bit Clear | Bit
N
RESET RESET
? ?
Y PDI
PDI Y
Interrupt
Interrupt Y "
?
External
Interrupt
External Y Y RQ?
Interrupt
IRQ?
KWI
Interrupt
Y ?
1. Fetch Reset Vector or
2. Service Interrupt
3. a. Stack Timer
4. b. Set| Bit Y Interrupt
5. c. Vector to Interrupt ?
RTC Routine
Interrupt
?
Interrupt
Y ?
If FOSCE =1
Turn On Oscillator OSC Restart
Wait for Time Processor Clock Interrupt
Delay to Stabilize ?
Fetch Reset Vector Fetch Reset Vector
OR OR
Service Interrupt Service Interrupt
a. Stack a. Stack
b. Set | Bit b. Set | Bit
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Figure 6-2. STOP/WAIT Flowcharts
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SECTION 7
INPUT/OUTPUT PORTS

The MC68HCO5PD6 a has 8 parallel ports A, B, C, D, E, F, G and H. Port A, B, C,
F, G and H have 8 I/O pins, Port D and E have 8 output-only pins. The individual
bits in these ports are programmable as either inputs or outputs under software
control by the data direction registers (DDRs). All of these pins except Port A
serve multiple purposes depending on the configuration of these pins.

PORT A

Port A is an 8-bit bidirectional general purpose port. The data direction of a Port A
pin is determined by its corresponding DDRA bit.

When a Port A pin is programmed as an output by the corresponding DDRA bit,
data in the PORTA data register becomes output data to the pin and this data is
returned when PORTA register is read.

Open drain or CMOS outputs are selected by AWOMH and AWOML bits in the
WOML register. If the AWOMH bit is set, the P-channel drivers of output buffers of
bit 7 thru bit 4 are disabled (open drain). If the AWOML bit is set, the P-channel
drivers of output buffers of bit 3 thru bit O are disabled (open drain).

When a pin is programmed as input by the corresponding DDRA bit, the pin level
is read by the CPU.

Port A has an optional pull-up resistors. When the RAH or RAL bit in the RCR1 is
set, pull-up resistors are attached to the upper 4 bits or lower 4 bits of Port A pins,
respectively. (The typical resistor values are 200KQ at Vpp=3V.) When a pin
outputs a low level, the pull-up resistor is disconnected regardless of RAH or RAL
bit state.

PORT B

Port B pins serve two basic functions: Key Wake-up Interrupt (KWI) input pins and
general purpose I/O pins.

Each KWI input is enabled or disabled by the corresponding KWIEx bit in the
KWIEN register, and the usage of the KWI input does not affect the general
purpose input function. When any of these bits is used as Port B 1/O, the

MC68HCO5PD6 INPUT/OUTPUT PORTS MOTOROLA
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7.3

corresponding KWIEx bit in the KWIEN should be disabled, otherwise KWI
interrupt will occur.

When a Port B pin is programmed as an output by the corresponding DDRB bit,
data in the PORTB data register becomes output data to the pin and this data is
returned when PORTB register is read.

Pull-up resistors are provided for both upper and lower 4 bits of Port B pins which
are controlled by the RBH and RBL bits, respectively, in the RCR1 register. (The
typical resistor values are 200KQ at Vpp=3V.)

PORT C

Port C pins share functions with several on chip peripherals. A pin function is
controlled by the enable bit of each associated peripheral.

Bit 7 and bit 6 of Port C are general purpose 1/O pins and IRQ input pins. The
DDRCY7/6 bits determine whether the pin states or the data latch states should be
read by the CPU. Since IRQ1(2)F can be set by either the pins or the data latches,
when using IRQs, be sure to clear the flags by software before enabling the
IRQ1(2)E bits.

The PC5 pin is a general purpose I/O pin and the direction of the pin is
determined by the DDRCS bit in the Data Direction Register C (DDRC). When the
event output (EVO) is enabled, the PC5 is configured as an event output pin and
the DDRCS5 bit has meaning only for the read of PC5 bit in the PORTC register; if
the DDRCS is set the PC5 data latch is read by the CPU, otherwise PC5 pin level
(EVO state) is read. When EVO is disabled, it becomes general purpose 1/O pin,
PC5. This PC5/EVO output has the capability to drive 10 mA source current when
(Von 2 VVdd-0.8V).

The PC4 and PC3 pins share functions with the Timer input pins (EVI and TCAP).
These bits are not affected by the usage of timer input functions and the directions
of pins are always controlled by the DDRC4 and DDRC3 bits. Also the DDRC4
and DDRC3 bits determine whether the pin states or data latch states should be
read by the CPU.

NOTE

Since the TCAP pin is shared with the PC3 I/O pin, changing the
state of the PC3 DDR or Data Register can cause an unwanted
TCAP interrupt. This can be handled by clearing the ICIE bit before
changing the configuration of PC3, and clearing any pending
interrupts before enabling ICIE.

MOTOROLA INPUT/OUTPUT PORTS MC68HCO5PD6
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NOTE

Since the EVI pin is shared with the PC4 1/O pin, DDRC4 should
always be cleared whenever EVI is used. EVI should not be used
when DDRC4 is high.

The PC2 pin is a general purpose /O pin and the direction of the pin is
determined by the DDRC2 bit in the Data Direction Register C (DDRC). When the
Output Compare (TCMP) is enabled, the PC2 is configured as TCMP output pin
and the DDRC2 bit has meaning only for the read of PC2 bit in the PORTC
register; if the DDRC2 is set the PC2 data latch is read by the CPU, otherwise
PC2 pin level is read. When TCMP is disabled, it becomes general purpose 1/O
pin, PC2. This PC2/TCMP output has the capability to drive 10 mA source current
when (Von 2 Vdd-0.8V).

The PC1 thru PCO pins are shared with the Serial Communication Interface (SCI).
When the SCI is not used (TE, RE = 0), DDRC1 and DDRCO bits control the
directions of the pins, and when the SCI is enabled, the pins are configured as
transmit data out (TDO) and receive data in (RDI). When the PORTC is read, the
value read will be determined by the Data Direction Register. When the port is
configured for input (DDRC1 or DDRCO equal to 0) the pin state is read. When the
port is configured for output (DDRC1 or DDRCO equal to 0) output data latch is
read.

Each Port C pin has pull-up resistor option which is controlled by the
corresponding RCR2 register bit. (The typical resistor values are 200KQ at
Vpp=3V.) When a pin outputs low, the resistor is disconnected regardless of a
RCR2 register bit being set.

Bit 5 thru bit 0 have open drain or CMOS output options, which are controlled by
the corresponding WOM2 register bits. These open drain or CMOS output options
may be selected for either the general purpose output ports or the peripheral
outputs (EVO, TCMP, and TDO).

PORT D

Port D pins serve one of two basic functions depending on the MCU mode
selected; LCD Frontplanes and Backplanes driver outputs, or general purpose
output pins. Since Port D is an output only port there is no DDRD register. In place
of DDRD is Port D MUX Control Register (PDMUX). Bits 7-4 of this register
control the Port/LCD muxing of Port D bits 7-4 respectively on a bit-wise basis.
These bits are cleared on reset, and writing a 1 to any bit will turn that pin into a
Port output. These outputs have the capability to drive 10 mA sink current when
(VOL < Vss + 0.8V).

MC68HCO5PD6 INPUT/OUTPUT PORTS MOTOROLA
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On reset, all Port D outputs are disconnected from the pins and the Port D data
latches are set to 1.

The pin connections of the lower 4-bits of Port D depend on the LCD duty
selection by the DUTYS bit in the LCDCR. When the LCD duty is not “1/4”, the
unused Backplanes driver(s) is (are) replaced by the Port D output pin(s)
automatically.

If DWOMH or DWOML bits in the WOML register is set, the P-channel drivers of
output buffers at the upper 4 bits or lower 3 bits, respectively are disabled (open
drain mode). This open drain controls do not apply to the pins which are
configured as Frontplanes or Backplanes driver outputs.

7.4.1 Port D MUX Register (PDMUX)
option 7 6 5 4 3 2 1 0
map
R 0 0 0 0
PDMUX|—| PbDm7 PDM6 PDM5 PDM4
$0003 |wW
reset O 0 0 0 0 0 0 0 0

7.5

When PDMx is set, the corresponding pin, PDX, is configure to port D output.

When PDMx is clear, the corresponding pin, PDX, is configure to LCD output.

PORT E

Port E pins serve one of two basic functions depending on the MCU mode
selected: LCD Frontplanes driver outputs, or general purpose output pins. Since
Port E is an output only port there is no DDRE register.In place of DDRE is Port E
MUX Control Register (PEMUX). Bits 7-0 of this register control the Port/LCD
muxing of Port E bits 7-0 respectively on a bit-wide basis. These bits are cleared
on reset, and writing a 1 to any bit will turn that pin into a Port output. These
outputs have the capability to drive 10 mA sink current when (VOL < Vss + 0.8V).

On reset, all Port E outputs are disconnected from the pins and the Port E data
latches are set to 1.

If EWOMH or EWOML bits in the WOML1 register is set, the P-channel driver of
output buffers at the upper or lower 4 bits, respectively, are disabled (open drain
mode). This open drain controls do not apply to the pins which are configured as
Frontplanes driver outputs.

MOTOROLA INPUT/OUTPUT PORTS MC68HCO5PD6
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7.5.1 Port E MUX Register (PEMUX)

option 7 6 5 4 3 2 1 0
map
R
PEMUX |— PEmT? PEM6 PEM5 PEM4 PEM3 PEM2 PEM1 PEMO
$0004 | W
reset 0 0 0 0 0 0 0 0 0

When PEMXx is set, the corresponding pin, PEX, is configure to port E output.

When PEMx is clear, the corresponding pin, PEX, is configure to LCD output.

7.6 PORTF PORT G AND PORTH

Port F, Port G and Port H serve one of two basic functions depending on the MCU
mode selected; LCD Frontplanes driver outputs, or general purpose 1/O pins.
Their MUX Control Register (PFMUX, PGMUX, PHMUX) control the Port/LCD
muxing of corresponding Port on a bit-wide basis. These bits are cleared on reset,
and writing a 1 to any bit will turn that pin into a Port output. These outputs have
the capability to drive 10 mA sink current when (VOL <Vss + 0.8V).

The data direction of a Port pin is determined by its corresponding DDR bit. When
a Port pin is programmed as an output by the corresponding DDR bit, data in the
PORT data register becomes output data to the pin and this data is returned when
PORT register is read.

7.6.1 Port F MUX Register (PFMUX)

option 7 6 5 4 3 2 1 0
map
R
PFMUX |- PFwm7 PFM6 PFM5 PFM4 PFM3 PFM2 PFM1 PFMO
$000C |W
reset [ 0 0 0 0 0 0 0 0

When PFMx is set, the corresponding pin, PFx, is configure to port F I/O.

When PFMx is clear, the corresponding pin, PFXx, is configure to LCD output.

MC68HCO5PD6 INPUT/OUTPUT PORTS MOTOROLA
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7.6.2 Port G MUX Register (PGMUX)

option 7 6 5 4 3 2 1 0
ma

P R
PGMUX |— Pcwm7 PGM6 PGM5 PGM4 PGM3 PGM2 PGM1 PGMO
$000D |W

reset [ 0 0 0 0 0 0 0 0

When PGMx is set, the corresponding pin, PGx, is configure to port G I/0.

When PGMx is clear, the corresponding pin, PGX, is configure to LCD output.

7.6.3 Port H MUX Register (PHMUX)

option 7 6 5 4 3 2 1 0
map
R
PHMUX |— PHwM7 PHM6 PHM5 PHM4 PHM3 PHM2 PHM1 PHMO
$000E |W
reset 0 0 0 0 0 0 0 0 0

When PHMXx is set, the corresponding pin, PHX, is configure to port H 1/O.

When PHMx is clear, the corresponding pin, PHx, is configure to LCD output.

7.7  INPUT/OUPUT PROGRAMMING

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

During Reset, all DDRs are cleared, which configure all port pins as inputs. The
data direction registers are capable of being written to or read by the processor.
During the programmed output state, a read of the data register actually reads the
value of the output data latch and not the 1/O pin. See Figure 7-1 and Table 7-1.
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Read/Write DDR
Data Direction
Register Bit
Write Data Data _ 110
Register Bit OUTPUT PIN
Read Data 1
—<]
Internal HC05 Reset |
Data Bus (RST)
Figure 7-1. Port I/O Circuitry
Table 7-1. 1/0 Pin Functions
R/W | DDR I/O Pin Functions
0 0 The I/O pin is in input mode. Data is written into the output data latch.
0 1 Data is written into the output data latch and output to the I/O pin.
1 0 The state of the 1/O pin is read.
1 1 The I/O pin is in output mode. The output data latch is read.

NOTE

A “glitch” can be generated on an I/O pin when changing it from an
input to an output unless the data register is first pre-conditioned to
the desired state before changing the corresponding DDR bit from a
zero to a one.

7.8 PORT OPTION CONTROL REGISTERS

7.8.1 Resistor Control Register 1 (RCR1)

option 7 6 5 4 3 2 1 0
map
0 0 0 0
RCR1 RBH RBL RAH RAL
$0008 |w
reset [J 0 0 0 0 0 0 0 0

MC68HCO5PD6 INPUT/OUTPUT PORTS MOTOROLA
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RBH — Port B pull up Resistor (H)
When this bit is set, pull up resistors are connected to the upper 4 bits of Port B
pins. This bit is cleared on reset.

RBL- Port B pull up Resistor (L)
When this bit is set, pull up resistors are connected to the lower 4 bits of Port B
pins. This bit is cleared on reset.

RAH — Port A pull up Resistor (H)
When this bit is set, pull up resistors are connected to the upper 4 bits of Port A
pins. This bit is cleared on reset.

RAL — Port A pull up Resistor (L)
When this bit is set, pull up resistors are connected to the lower 4 bits of Port A
pins. This bit is cleared on reset.

The typical resistor values are 200KQ at Vpp=3V for both Port A and Port B. When
a pin outputs a low level, the pull-up resistor is disconnected regardless of pull-up
enable state.

7.8.2 Resistor Control Register 2 (RCR2)

Optlon 7 6 5 4 3 2 1 0
map R
RCR1 | | Rc? RC6 RC5 RC4 RC3 RC2 RC1 RCO
$0009 |w
reset [J 0 0 0 0 0 0 0 0

RCx — Port C pull up Resistor (Bit x)
When RCx bit is set, pull up resistor is connected to the corresponding bit of
Port C pin. This bit is cleared on reset.
The typical resistor values are 200KQ at Vpp=3V.

7.8.3 Open Drain Output Control Register 1 (WOM1)

Optlon 7 6 5 4 3 2 1 0
map [q
0 0
WOM1 | | pwomH | pwomL | EwomH | EwoMmL AWOMH | AwoOML
$000A |w
reset O 0 0 0 0 0 0 0 0

DWOMH - Port D Open Drain Mode (H)
When this bit is set, the upper 4 bits of Port D are configured as open drain
outputs if these bits are selected as Port D output by the PDMx bits in the
PDMUX. This bit is cleared on reset.

MOTOROLA INPUT/OUTPUT PORTS MC68HCO5PD6
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DWOML - Port D Open Drain Mode (L)
When this bit is set, the lower 4 bits of Port D are configured as open drain
outputs if the corresponding BPx pin is not used by the LCD driver. This bit is
cleared on reset.

EWOMH - Port E Open Drain Mode (H)
When this bit is set, the upper 4 bits of Port E that are configured as 1/0 output
by the PEMx bits in the PEMUX are configured as open drain outputs. This bit
is cleared on reset.

EWOML — Port E Open Drain Mode (L)
When this bit is set, the lower 4 bits of Port E that are configured as 1/0 output
by the PEMx bits in the PEMUX are configured as open drain outputs. This bit
is cleared on reset.

AWOMH — Port A Open Drain Mode (H)
When this bit is set, upper 4 bits of Port A that are configured as output
(corresponding DDRA bit set) becomes open drain outputs. This bit is cleared
on reset.

AWOML — Port A Open Drain Mode (L)
When this bit is set, lower 4 bits of Port A that are configured as output
(corresponding DDRA bit set) becomes open drain outputs. This bit is cleared
on reset.

7.8.4 Open Drain Output Control Register 2 (WOM2)

5

4

3

MC68HCO5PD6

option 7 6
map g
1 1
WOM2 CWOM5s | cwom4 | cwomM3 | cwom2 | cwomi | cwomo
$000B |w
reset [ 1 1 0 0 0 0 0 0

CWOMXx — Port C Open Drain Mode (bit x)
When CWOMXx bit is set, Port C bit x are configured as open drain outputs if
DDRCx is set. This bit is cleared on reset.

INPUT/OUTPUT PORTS MOTOROLA
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SECTION 8

CLOCK DISTRIBUTION

There are two oscillator blocks: OSC and XOSC. Several combinations of the
clock distributions are allowed for the modules in the MC68HCO05PD6. Refer to the
following block diagram.

FOSCE/

PWRON Y WAIT
120 ¢
OSCL = s OSC DIVIDER [1/5T™
oscy <—] (7 bit) U2y gL | 12 » CPU
\ .
SYSTEM i
T crock > ¢ o
SYS1  SYSO Q
o3
- @
Ty » TIMERL | &
v L > FTUP z
| cLk > POR _ &
CTRL 12" _| (6 bit) | TMER2 | @
sTOP L EXCLK ——» S
127 o
CCLK | TIMEBASE
X0OscC1
XOSC2 XOSsC | 1/2 > RTC
» P-DECODER
Figure 8-1. Clock Signal Distribution
8.1 OSC CLOCK DIVIDER AND POR COUNTER

The OSC clock is divided by a 7 bit counter which is used for the system clock,
Time Base and POR Counter. Clocks divided by 2, 4, and 64 are available for the
system clock selections and clock divided by 128 is provided for the Time Base
and POR Counter.

The POR counter is a 6 bit clock counter that is driven by the OSC divided by 128.
The overflow of this counter is used for setting FTUP bit, release of power on reset
(POR), and resuming operation from STOP mode.

MC68HCO5PD6
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The 7 bit divider and POR counter are initialized to $0078 by the following
conditions.

* Power on detection
e  When FOSCE hit is cleared

SYSTEM CLOCK CONTROL
The system clock is provided for all internal modules except Time Base.

Both OSC and XOSC are available as the system clock source. The divide ratio is
selected by the SYS1 and SYSO bits in the MISC register. By default OSC divided
by 64 is selected on reset.

Table 8-1. System Clock Frequencies

SYS1

SYSO0

DIVIDE RATIO

OSC=4MHz

0OSC=4.1943MHz

XOSC=76.8kHz

OSC+2

2MHz

2.0972MHz

OSC +4

1MHz

1.0486MHz

OSC + 64

62.5kHz

65.536kHz

XOSC +4

19.2kHz

8.3

8.3.1

MOTOROLA

8-2

OSC AND XOSC

The secondary oscillator (XOSC) runs continuously after Power-Up. The main
oscillator (OSC) can be stopped to conserve power via the STOP instruction or
the FOSCE bit in the MISC register. The effects of restarting the OSC will vary
depending on current state of the MCU, including SYS0:1 and FOSCE.

OSC On Line

If the system clock is OSC, FOSCE should remain 1. Executing the STOP
instruction in this condition will halt OSC, put the MCU into a low power mode and
clear the 6-bit POR counter. The 7-bit divider is not initialized. Exiting STOP with
external IRQ or Reset re-starts the oscillator. When the POR counter overflows,
internal Reset is released and execution can begin. The stabilization time will vary
between 7944 and 8072 counts.

NOTE

Exiting STOP with external Reset will always return the MCU to the
state as defined by the register definitions. i.e. SYS0:1=1:0,
FOSCE=1.

CLOCK DISTRIBUTION MC68HCO5PD6
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8.3.2 XOSC On Line

If XOSC is the System Clock (SYS0:1=1:1), OSC can be stopped either by the
STOP instruction or by clearing the FOSCE bit.

The sub oscillator (XOSC) never stops except during power down. This clock may
also be used as the clock source of the system clock and Time Base.

8.3.2.1 XOSC with FOSCE=1

If the System Clock is XOSC and FOSCE=1, executing the STOP instruction will

halt OSC, put the MCU into a low power mode and clear the 6-bit POR counter.
The 7-bit divider is not initialized. Exiting STOP with external IRQ re-starts the
oscillator, however execution begins immediately using XOSC. When the POR
counter overflows, FTUP is set signaling that OSC is stable and OSC can be used
as the System Clock. The stabilization time will vary between 7944 and 8072
counts.

8.3.2.2 XOSC with FOSCE=0

If XOSC is the System Clock, clearing FOSCE will stop OSC, and preset the 7-bit
divider and 6-bit POR counter to $0078. Execution will continue with XOSC and
when FOSCE is set again, OSC will re-start. When the POR counter overflows,
FTUP is set signaling that OSC is stable and OSC can be used as the System
Clock. The stabilization time will be 8072 counts.

8.3.2.3 XOSC with FOSCE=0 and STOP

If XOSC is the System Clock and FOSCE is cleared, further power reduction can
be achieved by executing the STOP instruction. In this case OSC is stopped, the7-
bit divider and 6-bit POR counter is preset to $0078 (since FOSCE=0) and
execution is halted. Exiting STOP with external IRQ does not re-start the OSC,
however execution begins immediately using XOSC. OSC may be re-started by
setting FOSCE, and when the POR counter overflows, FTUP will be set signaling
that OSC is stable and can be used as the System Clock. The stabilization time
will be 8072 counts.

8.3.2.4 STOP and WAIT Modes

During STOP mode the main oscillator (OSC) is shut down and the clock path
from the second oscillator (XOSC) is disconnected, such that all modules except
Time Base are halted. Entering STOP mode clears FTUP flag in the MISC
register, and initializes POR counter. The STOP mode is exited by RESET, PDI,
IRQ1, IRQ2, KWI, or RTC Interrupt.

MC68HCO5PD6 CLOCK DISTRIBUTION MOTOROLA
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If OSC is selected as system clock source during STOP mode, CPU resumes
after the overflow of POR counter and this overflow also sets FTUP status flag.

If XOSC is selected as system clock source during STOP mode, no stop recovery
time is required for exiting STOP mode because XOSC never stops and re-start of
main oscillator depends on FOSCE bit.

During WAIT mode, only the CPU clocks are halted and the peripheral modules
are not affected. The WAIT mode is exited by the RESET and any interrupts.

Table 8-2. Recovery Time Requirements

BEFORE RESET OR INTERRUPT POWER.ON | EXTERNAL FT\;((I)TDSETé)YP
CPU CLK SOURCE STOP FOSCE RESET RESET INTERRUPT
— — — WAIT — —
OSC (OSC ON) ouT 1 — NO WAIT —
ouT o® — WAIT —
OSC (OSC OFF) IN 1 — WAIT WAIT
IN®@ 0@ — WAIT WAIT
XOSC (OSC ON) ouT 1 — NO WAIT —
ouT 0 — WAIT —
XOSC (OSC OFF) IN 1 — WAIT NO WAIT
IN 0 — WAIT NO WAIT

(1) This case has no meaning for applications.

(2) This case never occurs.

8.4 TIME BASE

Time Base is a 14 bit up-counter which is clocked by XOSC input or OSC input
divided by 128. TBCLK bit in the TBCRL1 register selects the clock source.

This 14 bit divider is initialized to $0078 only upon power on reset (POR). After
counting 8072 clocks, the STUP bit in the MISC register is set.

The divided clocks from the Time Base are used for LCDCLK, STUP, and COP.

MOTOROLA
8-4
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TBCLK LCLK
! Z 1/28 0 Z
0SC/2"
E H—>» 7 BIT 1727 E ! LCD
XCLK —3 DIVIDER CLOCK
L L
0 1
RTR1
0
BTl
» 7 BIT 12° | E
DIVIDER 12— L
RTRO
L> COP
COP DIVIDEBY4 |—>»
CLEAR > RESET
COoP ¢
ENABLE
Figure 8-2. Time Base Clock Divider
8.4.1 LCDCLK
The clocks divided by 64 and 128 are used as LCD clock at the LCD driver
module, and clocks are selected by the LCLK bit in the TBCR1.
8.4.2 STUP
Time Base divider is initialized to $0078 by the power on detection and when the
count reaches 8072, STUP flag in the MISC register is set. Once STUP flag is set,
it is never cleared until power down.
8.4.3 Watchdog Timer (COP)
The Computer Operating Properly Watchdog Timer (COP) is controlled by the
COPE bit in the TBCR2 register.
MC68HCO05PD6 CLOCK DISTRIBUTION MOTOROLA
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The COP uses the clock that is selected by the RTR1 and RTRO bits. COP time-
out reset will be generated if the COP enable (COPE) bit is set. The COP time-out
reset has the same vector address as POR and external RESET. To prevent the
COP time-out the COP divider is cleared by writing a ‘0’ to bit O of address $FFFO.

When the Time Base divider is driven by the OSC clock, clock for the divider is
suspended during STOP mode or when FOSCE is 0. This may cause COP period
stretching or no COP time-out reset when processing errors occur. It is
recommended that XOSC clock to be used for the COP functions to avoid these
problems.

When the Time Base (COP) divider is driven by the XOSC clock, the divider does
not stop counting and writing a ‘0’ to bit 0 of address $FFFO must be triggered to
prevent the COP time-out.

Table 8-3. COP Time Out Period

COP PERIOD (ms)

RTR1 RTRO OSC=4MHz 0OSC=4.1943MHz XOSC=76.8kHz
MIN MAX MIN MAX MIN MAX
1 12.3 16.4 11.7 15.6 10 13.33
1 393 524 375 500 320 426.67
0 786 1048 750 1000 640 853.33
1 1573 2097 1500 2000 1280 1706.66

8.4.4 Time Base Control Register 1 (TBCR1)

7 6 5 4 3 2 1 0
R 0 0 0 0
TBCR1 | | TBCLK LCLK T2R1 T2R0
$0010 |w
reset O 0 0 0 0 0 0 0 0

TBCLK —Time Base Clock

The TBCLK bit selects Time Base clock source. This bit is cleared on reset.
After reset, write to this bit is allowed only once.

0= XOSC clock is selected

1= OSC clock divide-by 128 is selected

LCLK — LCD Clock
The LCLK bit selects clock for the LCD driver. This bit is cleared on reset.
0 = Divide by 64 is selected
1= Divide by 128 is selected

MOTOROLA CLOCK DISTRIBUTION MC68HCO5PD6
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T2R1/0 —Timer 2 Prescale Rate select bits
T2R1 and T2RO select Timer 2 clock rate. See Section 9 for a detailed
description.

8.4.5 Time Base Control Register 2 (TBCR2)

7 6 5 4 3 2 1 0
R 0 0 0 0 0
TBCR2 RTR1 RTRO COPE
$0011 |w
reset [J 0 X 1 1 0 0 0 0

RTI1/0 — Real Time Interrupt Rate Select
The RTR1 and RTRO bits select one of four rates for the Real Time Interrupt
period. The RTI rate is related to the COP time-out reset period. These bits are
set to 1 on reset.

RT1 RTO DIVIDE RATIO OSC=4MHz 0SC=4.1943MHz XOSC=76.8kHz
0 0 TBCLK + 128 244Hz 256Hz 600Hz
0 1 TBCLK + 4096 7.63Hz 8Hz 18.75Hz
1 0 TBCLK + 8192 3.81Hz 4Hz 9.38Hz
1 1 TBCLK + 16384 1.91Hz 2Hz 4.69Hz

COPE - COP Enable
When the COPE bit is 1, COP reset function is enabled. This bit is cleared on
reset (including COP time-out reset) and write to this bit is allowed only once
after rest.

8.5 REALTIME CLOCK (RTC)

Real time clock is software programmable which can be either enabled or
disabled. Real time clock consists of three binary counters which are divided
down from the 76.8KHz oscillator. There are three bits in the RTC status register
(address $39) and three bits in the RTC Control register (address $3A) where the
operation of the real time clock is controlled.

8.5.1 RTCTime Registers

Three locations are reserved for real time clock operation; they are:

MC68HCO5PD6 CLOCK DISTRIBUTION MOTOROLA
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7 6 5 4 3 2 1 0
R 0 0 0
HOUR HOUR4 HOUR3 HOUR2 HOUR1 HOURO
$0033 |w
reset [J 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R 0 0
MIN MIN5 MIN4 MIN3 MIN2 MIN1 MINO
$0034 |w
reset [J 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R 0 0
SEC SEC5 SEC4 SEC3 SEC2 SEC1 SECO
$0035 |w
reset [J 0 0 0 0 0 0 0 0

The hours and minutes registers are in fact holding registers (See Figure 8-3).
When setting the RTC time, the hours and minutes are written first, then writing to
the seconds register will cause the hours and minutes in their holding registers to
be latched into the RTC hardware.

When reading the RTC time, the seconds register is first accessed; this will cause
the hardware to latch the hours and minutes into their respective holding registers.
Now, reading the hours and minutes registers will give the time for the moment
when the seconds register was read.

RTC Hardware registers | Hours |  Minutes | Seconds ($35)
A

Holding registers | Hours ($33) |Minutes ($34) |

| CPU CORE

Figure 8-3. RTC Holding Register

MOTOROLA CLOCK DISTRIBUTION MC68HCO5PD6
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8.5.2 RTC Alarm Registers
There are three locations associated with the alarm registers as shown.

The ALF bit in the RTC Status register is set when the contents of the RTC Alarm
registers matches the contents of the RTC Time registers.

7 6 5 4 3 2 1 0
R 0 0 0
HOURA HOURA4 HOURA3 | HOURA2 HOURAL | HOURAO
$0036 |w
reset [ 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R 0 0
MINA MINAS MINA4 MINA3 MINA2 MINAL MINAO
$0037 |w
reset [ 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R 0 0
SECA SECAS5 SECA4 SECA3 SECA2 SECA1 SECAO
$0038 |w
reset [ 0 0 0 0 0 0 0 0

8.5.3 RTC Status Register

There are three interrupts associated with the RTC, their flags are in the RTC
Status register ($39), and their respective enable bits are the RTC Control register

($3A).
7 6 5 4 3 2 1 0
R 0 0 0 0 0
RTCS SECF ALF RTCF
$0039 |w
reset [J 0 0 0 0 0 0 0 0
RTCF

When this bit is set, real time clock interrupts CPU once a day. After serving
this interrupt, it is the user’s responsibility to clear this bit, otherwise the CPU
will keep on serving this once a day interrupt when a new RTC interrupt occurs
(even there is no once a day interrupt occurs). This bit is cleared by writing a 1
to it.

MC68HCO5PD6 CLOCK DISTRIBUTION MOTOROLA
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ALF
When this bit is set, alarm interrupt has occurred. After serving this interrupt, it
is the user’s responsibility to clear this bit, otherwise the CPU will keep on
serving this alarm interrupt when a new RTC interrupt occurs (even there is no
alarm interrupt occurs). This bit is cleared by writing a 1 to it.

SECF
When this bit is set, real time clock interrupts CPU once a second. After serving
this interrupt, it is the user’s responsibility to clear this bit, otherwise the CPU
will keep on serving this once a second interrupt when a new RTC interrupt
occurs (even there is no once a second interrupt occurs). This bit is cleared by
writing a 1 to it.

8.5.4 RTC Control Register

There are three interrupts associated with the RTC, their flags are in the RTC
Status register ($39), and their respective enable bits are the RTC Control register

($3A).
7 6 5 4 3 2 1 0
R 0 0 0 0 0
RTCC SECE ALE RTCE
$003A |w
reset O 0 0 0 0 0 0 0 0
RTCE
= Real time clock once a day interrupt enabled
= Real time clock once a day interrupt disabled
ALE
= Alarm interrupt enabled
= Alarm interrupt disabled
SECE

= Real time clock once a second interrupt enabled
= Real time clock once a second interrupt disabled

It should be noted that the flags in the interrupt status register will be set if the
corresponding event is detected, irrespective of the setting of the interrupt enable
bits.

Following is an example showing how to use the RTC interrupt:

MOTOROLA CLOCK DISTRIBUTION MC68HCO5PD6
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BSET
BSET
STOP

1, $3A
2, $3A
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BSETO, $3AEnabl e RTC (once a day) interrupt.
Enabl e RTC (alarm interrupt.

Enabl e RTC (once a second) interrupt.

MCU execute STOP instruction for power
conservati on.

*Real tinme clock interrupt service routine

BRSET

BRSET

BRSET
CDAY BSET
JSR
BRSET
BRSET
RTCR RTI
ALI NT  BSET
JSR
BRSET
BRA

OSEC BSET

JSR
BRA

0, $39, CDAY

1, $39, ALI NT

2, $39, OSEC
0, $39
QADAY
1, $39, ALI NT

2, $39, OSEC

1, $39

ALARM
2, $39, OSEC

RTCR
2, $39

QCASEC
RTCR

This bit is set indicating this is an once a day
RTC i nterrupt.

This bit is set indicating this is a RTCinterrupt
caused by a match of alarmregi sters and real tine
clock registers.

This bit is set indicating this is an once a second
RTC i nterrupt.

Clear this bit so that this once a day interrupt
will not be recognized as a new one on next RTC
interrupt.

Once a day interrupt service routine.

This bit is set indicating alarminterrupt al so
occurs at the sane tine.

This bit is set indicating once a second RTC
interrupt also occurs at the sane tine.

Clear this bit so that this alarminterrupt wll
not be recogni zed as a new one on next RTC
interrupt.

Al arm service interrupt routine.

This bit is set indicating once a second i nterrupt
al so occurs at the sane tine.

Return frominterrupt.

Clear this bit sothat this once a second i nterrupt
wi |l not be recognized as a new one on next RTC
interrupt.

Once a second interrupt service routine.

Return frominterrupt.

8.6 MISCELLANEOUS REGISTER (MISC)

7 6 5 4 3 2 1 0
R FTUP STUP 0 0
MISC Sys1 SYSO FOSCE OPTM
$003E |W
reset [J X X 0 0 1 0 1 0

FTUP — OSC Time Up Flag
Power on detection or clearing FOSCE bit clears this bit. This bit is set by the
overflow of the POR counter. An external reset does not affect this bit.

0=
1=

MC68HCO5PD6
REV 1.1

during POR or OSC shut down
OSC clock is available for the system clock
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STUP — XOSC Time Up Flag
The power on detection clears this bit. This bit is set after the Time Base has
counted 8072 clocks. An reset does not affect this bit.
0= XOSC is not stabilized or no signal on XOSC1-XOSC2 pins
1= XOSC clock is available for the system clock

SYS1, SYSO — System Clock Select
These two bits select the system clock source for all internal modules except
Time Base. On reset the SYS1 and SYSO bits are initialized to 1 and O,

respectively.
SyYs1 SYSO | DIVIDE RATIO OSC=4MHz 0SC=4.1943MHz | XOSC=76.8kHz
0 0 0SC =2 2MHz 2.0972MHz —
0 1 OSC =+ 4 1MHz 1.0486MHz —
1 0 OSC -+ 64 62.5kHz 65.536kHz —
1 1 XOSC + 4 — — 19.2kHz

FOSCE - Fast (Main) Oscillator Enable
The FOSCE bit controls the main oscillator activity. This bit should not be
cleared by the CPU when the main oscillator is selected as the system clock
source.
0= OSC is shut down; 7 bit divider at the OSC input and POR counter
are initialized to $0078; FTUP flag is cleared.
1 = Main oscillator starts again; FTUP flag is set by the POR counter
overflow (8072 clocks).

OPTM - Option Map Select
The OPTM bit selects one of two register maps at $0000-$003F. This bit is
cleared on reset.
0 = Main register map is selected
1= Option map is selected

MOTOROLA CLOCK DISTRIBUTION MC68HCO5PD6
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SECTION 9

GENERAL RELEASE SPECIFICATION

The MC68HCO5PD6 has two timer modules, Timer 1 with a 16 bit counter and Timer 2
with an 8 bit counter. Timer 1 has TCAP input pin and TCMP output pin. Timer 2 has EVI
input pin and EVO output pin. The following block diagram describes the Timer System of

MC68HCO5PD6.
CAP — OVF1
.| INPUT > TIMER1
TCAP [P
CONTROLL | rom ™ (16 bit counter) CMPLl outpuT R
> » TCMP
T CONTROL
IEDG T2CLK T
l OE1
EXCLK
INPUT » S TIMER2 CMP2 OUTPUT
EVI > E > » EVO
> CLK2 .
CONTROL2 |¢ » L (8 bit counter) CONTROL
M2 IL2 T T
OL2 OE2

PH2—»| PRESCALER

TIMER REGISTERS

Figure 9-1. Timer System Block Diagram

9.1 TIMER1

The timer consists of a 16-bit free-running counter driven by a fixed divide-by-four
prescaler. This timer can be used for many purposes, including input waveform
measurements while simultaneously generating an output waveform. Pulse widths
can vary from several microseconds to many seconds. Refer to Figure 9-2 for
Timer 1 block diagram.

MC68HCO5PD6
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9.1.1

Because the timer has a 16-bit architecture, each specific functional segment
(capability) is represented by two registers. These registers contain the high and
low byte of that functional segment. Generally, accessing the low byte of a specific
timer function allows full control of that function; however, an access of the high
byte inhibits that specific timer function until the low byte is also accessed.

NOTE

The | bit in the CCR should be set while manipulating both the high
and low byte register of a specific timer function to ensure that an
interrupt does not occur.

Counter

The key element in the programmable timer is a 16-bit, free-running counter or
counter register, preceded by a prescaler that divides the internal processor clock
by four. The prescaler gives the timer a resolution of 2 microseconds if the internal
bus clock is 2.0 MHz. The counter is incremented during the low portion of the
internal bus clock. Software can read the counter at any time without affecting its
value.

The double-byte, free-running counter can be read from either of two locations,
$18-$19 (counter register) or $1A-$1B (counter alternate register). A read from
only the least significant byte (LSB) of the free-running counter ($19, $1B)
receives the count value at the time of the read. If a read of the free-running
counter or counter alternate register first addresses the most significant byte
(MSB) ($18, $1A), the LSB ($19, $1B) is transferred to a buffer. This buffer value
remains fixed after the first MSB read, even if the user reads the MSB several
times. This buffer is accessed when reading the free-running counter or counter
alternate register LSB ($19 or $1B) and, thus, completes a read sequence of the
total counter value. In reading either the free-running counter or counter alternate
register, if the MSB is read, the LSB must also be read to complete the sequence.

The counter alternate register differs from the counter register in one respect: a
read of the counter register LSB can clear the timer overflow flag (TOF).
Therefore, the counter alternate register can be read at any time without the
possibility of missing timer overflow interrupts due to clearing of the TOF.

MOTOROLA TIMER SYSTEM MC68HCO5PD6
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MC68HCO05 Internal Bus

A A

Internal 8-bit
Timer Clock Buffer
(NTF1)
High Low
Y Byte Byte
Output . 16-bit Free Input
ConF])pare $16 4 Running $18 Cgppure $14
Register $l7 Counters $19 Register $15
Al t
Coi?lrlgre $1A
Register
$1B
Output Overflow Edge
Compare Detect Detect
Circuit Circuit Circuit
o
Y V¥V V¥V =k TCR
lociF | ToF | icF | $13 |oc1ie| ToiE | IcIE [oLvL [iIEDG | $12
D
\AARAR Q
| Interrupt Circuit | CK
Interrupt Logic TSET
TCMP TCAP
Figure 9-2. Timer 1 Block Diagram
MC68HCO5PD6 TIMER SYSTEM MOTOROLA
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Internal Processor o
Clock [ HUUUuuUuUy
Internal

Reset

T00 I | |

Int_ernal TO1 | I_I I_I

Clocks | T10 i i i

T11 | I_I I_L

Counter (16 Bit)

$FEEC >< $FFFED >< $FEFE >§FFFF
RESET (External,
LVR or POR) —ii/

NOTE: The Counter Register and Timer Control Register are the only ones
affected by RESET

Figure 9-3. Timer State Timing Diagram for Reset

e T
ro0 1 i i i

Internal T01 I_I I_I I_I I_I
doe | 10 [ i i i
T11 I_I I_I I_I I_L

Counter (16 BiY) grrre X srrer X soooo X $0001 %0002

Timer Overflow
Flag (TOF)

NOTE: The TOF bit is set at timer state T11 (transition of counter from $FFFF to
$0000). It is cleared by read of the timer status register during the internal
processor clock high time followed by a read of the counter low register.

Figure 9-4. Timer State Timing Diagram for Timer Overflow

MOTOROLA TIMER SYSTEM MC68HCO5PD6
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7 6 5 4 3 2 1 0
R CNT15 CNT14 CNT13 CNT12 CNT11 CNT10 CNT9 CNT8
CNTH
$0018 |w
reset 1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
R CNT7 CNT6 CNT5 CNT4 CNT3 CNT2 CNT1 CNTO
CNTL
$0019 |w
reset 1 1 1 1 1 1 0 0
7 6 5 4 3 2 1 0
R ACNT15 ACNT14 ACNT13 ACNT12 ACNT11 ACNT10 ACNT9 ACNTS8
ACNTH
$001A |w
reset 1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
R ACNT7 ACNT6 ACNT5 ACNT4 ACNT3 ACNT2 ACNT1 ACNTO
ACNTL
$001B |w
reset 1 1 1 1 1 1 0 0

The free-running counter is configured to $FFFC during reset and is always a
read-only register. During a power-on reset, the counter is also preset to $FFFC
and begins running after the oscillator start-up delay. Because the free-running
counter is 16 bits preceded by a fixed divide-by-four prescaler, the value in the
free-running counter repeats every 262,144 internal bus clock cycles. When the
counter rolls over from $FFFF to $0000, the TOF bit is set. An interrupt can also
be enabled when counter roll over occurs by setting its interrupt enable bit (TOIE).

MC68HCO5PD6 TIMER SYSTEM MOTOROLA
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9.1.2 Output Compare Register

7

6

5

July 7, 1997

R
OCMPH| | oc1s ocl4 oc13 oc12 oc11 0C10 oc9 ocs
$0016 |w
reset X X X X X X X X
7 6 5 4 3 2 1 0
R
OCMPL || oc7 0C6 0Cs oc4 oc3 oc2 oc1 0Co
$0017 |w
reset X X X X X X X X

The 16-bit output compare register is made up of two 8-bit registers at locations
$16 (MSB) and $17 (LSB). The output compare register is used for several
purposes, such as indicating when a period of time has elapsed. All bits are
readable and writable and are not altered by the timer hardware or reset. If the
compare function is not needed, the two bytes of the output compare register can
be used as storage locations.

The output compare register contents are compared with the contents of the free-
running counter continually, and if a match is found, the corresponding output
compare flag (OC1F) bit is set and the corresponding output level (OLVL) bit is
clocked to an output level register. The output compare register values and the
output level bit should be changed after each successful comparison to establish
a new elapsed time-out. An interrupt can also accompany a successful output
compare provided the corresponding interrupt enable bit (OCIE) is set.

After a processor write cycle to the output compare register containing the MSB
($16), the output compare function is inhibited until the LSB ($17) is also written.
The user must write both bytes (locations) if the MSB is written first. A write made
only to the LSB ($17) will not inhibit the compare function. The free-running
counter is updated every four internal bus clock cycles. The minimum time
required to update the output compare register is a function of the program rather
than the internal hardware.

The processor can write to either byte of the output compare register without
affecting the other byte. The output level (OLVL) bit is clocked to the output level
register regardless of whether the output compare flag (OC1F) is set or clear.

MOTOROLA TIMER SYSTEM MC68HCO5PD6
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TOO H I—I I_I I_I

Internal TO1 I_I I_I I_I I_I

(-Zrlicr)rcl:(la(; T10 I_I I_I I_I I_I

T11 I_I I_I I_I |_L

Counter(16 Bt) grrep X grrec X sFFED X SFFEE $FFEF

1
Compare S
Register CPU writes $FFED >< $FFED

2

Compare \ /7—\—

Register Latch

3
Output Compare \

Flag (OC1F)

1. The CPU writes to the compare register may take place at any
time, but a compare only occurs at timer state TO1. Thus, a 4-
cycle different may exist between the write to the compare
register and the actual compare.

2. Internal compare takes place during timer state TO1.

3. OCIF is set at timer state T11 which follows the comparison match
($FFED in this example).

Figure 9-5. Timer State Timing Diagram For Output Compare
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9.1.3 Input Capture Register

7 6 5 4 3 2 1 0
R IC15 IC14 IC13 IC12 IC11 IC10 IC9 IC8
ICAPH
$0014 |w
reset X X X X X X X X
7 6 5 4 3 2 1 0
R IC7 IC6 IC5 IC4 IC3 IC2 IC1 ICO
ICAPL
$0015 |w
reset X X X X X X X X

Two 8-bit registers, which make up the 16-bit input capture register, are read-only
and are used to latch the value of the free-running counter after the corresponding
input capture edge detector senses a defined transition. The level transition which
triggers the counter transfer is defined by the corresponding input edge bit
(IEDG). Reset does not affect the contents of the input capture register.

The result obtained by an input capture will be one more than the value of the
free-running counter on the rising edge of the internal bus clock preceding the
external transition. This delay is required for internal synchronization. Resolution
is one count of the free-running counter, which is four internal bus clock cycles.

The free-running counter contents are transferred to the input capture register on
each proper signal transition regardless of whether the input capture flag (ICF) is
set or clear. The input capture register always contains the free-running counter
value that corresponds to the most recent input capture.

After a read of the input capture register ($14) MSB, the counter transfer is
inhibited until the LSB ($15) is also read. This characteristic causes the time used
in the input capture software routine and its interaction with the main program to
determine the minimum pulse period.

A read of the input capture register LSB ($15) does not inhibit the free-running
counter transfer since they occur on opposite edges of the internal bus clock.

NOTE

Since the TCAP pin is shared with the PC3 I/O pin, changing the
state of the PC3 DDR or Data Register can cause an unwanted
TCAP interrupt. This can be handled by clearing the ICIE bit before
changing the configuration of PC3, and clearing any pending
interrupts before enabling ICIE.

MOTOROLA TIMER SYSTEM MC68HCO5PD6
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Internal

TOO H I—I I_I I_I

Internal T01 I_I I_I I_I I_I

AR R | i i i
T11 |_| |_| |_| I_L

Counter16 Bit) srrepl srrec X $FFED X SFFEE XSFFEF

Input
Edge

note \/ X/ X/ X/

Internal Capture Latch

Capture

Register $2222 X $FFED

Input Capture
Flag (ICF)

NOTE: If the input edge occurs in the shaded area from one timer state T10 to
the other timer state T10 the input capture flag is set during the next state
T11.

Figure 9-6. Timer State Timing Diagram For Input Capture
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9.14

Timer Control Register (TCR)

The TCR is a read/write register containing six control bits. Three bits control
interrupts associated with each of the three flag bits found in the timer status
register. The other two bits control: 1) which edge is significant to the input capture
edge detector (i.e., negative or positive), and 2) the next value to be clocked to the
output level register in response to a successful output compare. The timer control
register and the free running counter are the only sections of the timer affected by
reset. The TCMP pin is forced low during external reset and stays low until a valid
compare changes it to high. The timer control register is illustrated below by a
definition of each bit.

7 6 5 4 3 2 1 0
R 0 0
TCR || cEe OC1IE TOIE OE1 IEDG oLVL
$0012 |w
reset 0 0 0 0 0 0 X 0
ICIE
If the input capture interrupt enable (ICIE) bit is set, a timer interrupt is enable
when the ICF status flag is set, provided the | bit in CCR is cleared. If the ICIE
bit is cleared, the interrupt is inhibited. The ICIE bit is cleared by reset.
OC1lIE
If the output compare interrupt enable (OCL1IE) bit is set, a timer interrupt is
enabled whenever the OC1F status flag is set, provided the | bit in CCR is
cleared. If the OCLIE bit is cleared, the interrupt is inhibited. The OCL1IE bit is
cleared by reset.
TOIE
If the timer overflow interrupt enable (TOIE) bit is set, a timer interrupt is
enabled whenever the TOF status flag is set, provided the | bit in CCR is
cleared. If the TOIE bit is cleared, the interrupt is inhibited. The TOIE bit is
cleared by reset.
OE1l
The OEL bit configures whether Port C bit 2 as I/O pin or as output pin of
TCMP.
0= PC2is selected
1= TCMP is selected
IEDG
The value of the input edge (IEDG) bit determines which level transition on
TCAP pin will trigger a free running counter transfer to the input capture
register. Reset does not affect the IEDG bit.
0 = negative edge
1= positive edge
MOTOROLA TIMER SYSTEM MC68HCO05PD6
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OLVL
The value of the output level (OLVL) bit is clocked into the output level register
by the next successful output compare and will appear at TCMP pin. This bit
and the output level register are cleared by reset.
0= low output
1 = high output

9.1.5 Timer Status Register (TSR)
The timer status register is a read-only register and is illustrated below followed by

a definition of each bit. Refer to timing diagrams shown in Figure 9-3, Figure 9-4
and Figure 9-5 for timing relationship to the timer status register bits.

7 6 5 4 3 2 1 0
R ICF OC1F TOF 0 0 0 0 0
TSR
$0013 |w
reset X X X 0 0 0 0 0
ICF
The input capture flag (ICF) is set when a proper edge has been sensed by the
input capture edge detector. It is cleared by a processor access of the timer
status register (with ICF set) followed by accessing the low byte ($15) of the
input capture register. Reset does not affect the input compare flag.
OC1F
The output compare flag (OC1F) is set when the output compare register
contents matches the contents of the free running counter. The OC1F is
cleared by accessing the timer status register (with OC1F set) and then
accessing the low byte ($17) of the output compare register. Reset does not
affect the output compare flag.
TOF

The timer overflow flag (TOF) bit is set by transition of the free run from $FFFF
to $0000. It is cleared by accessing the timer status register (with TOF set)
followed by an access of the free running counter least significant byte ($19).
Reset does not affect the TOF bit.

Accessing the timer status register satisfies the first condition required to clear
status bits. The remaining step is to access the register corresponding to the
status bit.

A problem can occur when using the timer overflow function and reading the free-
running counter at random times to measure an elapsed time. Without
incorporating the proper precautions into software, the timer overflow flag could

MC68HCO5PD6 TIMER SYSTEM MOTOROLA
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9.1.6

9.2

unintentionally be cleared if: 1)The timer status register is read or written when
TOF is set, and 2)The LSB of the free-running counter is read but not for the
purpose of servicing the flag. The counter alternate register at address $1A and
$1B contains the same value as the free-running counter (at address $18 and
$19); therefore, this alternate register can be read at any time without affecting the
timer overflow flag in the timer status register.

Operation During Low Power Mode

During STOP and WAIT instructions, the programmable Timer 1 functions as
follows: during the wait mode, the Timer 1 continues to operate normally and may
generate an interrupt to trigger the CPU out of the wait state; during the STOP
mode, the Timer 1 holds at its current state, retaining all data, and resumes
operation from this point when external interrupt (IRQ), or internal interrupt is
received.

TIMER 2

Timer 2 is an 8-bit event counter which has one compare register, one event input
pin (EVI), and one event output pin (EVO). The event counter is clocked by the
external clock (EXCLK) or prescaled system clock (CLK2), selected by the T2CLK
bit in the TCR2 register. The EXCLK may be EVI direct or EVI gated by CLK2,
which is selected by the IM2 bit at the EVI block (refer to the EVI description).

Timer 2 may be used as a modulus clock divider with EVO pin, free running
counter (when compare register is $00), or periodic interrupt timer.

The Timer Counter 2 (CNT2) is an 8-bit up counter with preset input. The counter
is preset to $01 by a CMP2 signal from the comparator or by a CPU write to it that
is done while the system clock (PH2) is low.

The CLK2 from the prescaler or the EXTCLK from the EVI block are selected as
timer clock by the T2CLK bit in the TCR2 register. The CLK2 and the EXCLK are
synchronized to the falling edge of system clock in the prescaler and the EVI
blocks. The minimum pulse width of CLK2 is the same as the system clock, and
the minimum pulse width of EXCLK (event mode) is one PH2 cycle.

MOTOROLA TIMER SYSTEM MC68HCO5PD6
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COUNTER
WRITE

0 ($01) ($01)
CLK2 — 5 s v v

1| E » COUNTER 2
EXCLK ———f L

—>

T2CLK

COMPARATOR 2 CMP2

v

A 4

BUFFER2
(TRANSFER) (TRANSFER)

]

REGISTER (OC2)

Figure 9-7. Timer 2 Block Diagram

The counter is incremented by the falling edge of the timer clock and the period
between two falling edges is defined as one timer cycle in the following
description.

The compare register (OC2) is provided for comparison with the timer counter 2
(CNT2). The OC2 data is transferred to the buffer register when the counter is
preset by a CPU write or by a compare output (CMP2). This buffer register is
compared with the timer counter 2 (CNT2).

The comparison between the counter and the OC2 buffer register is done when
the system clock high in each bus cycles. If counter matches with the OC2 buffer
register, the comparator latches this result during the current timer cycle. When
the next timer cycle begins, the comparator outputs CMP2 signal (if the compare
match is detected during previous timer cycle). This CMP2 is used in the counter
preset, data transfer to the buffer register, setting OC2F in the TSR2, and the EVO
block. The counter preset overrides the counter increment.

The OC2F bit may generate interrupt request if the OC2IE bit in the TCR2 is set.

MC68HCO5PD6 TIMER SYSTEM MOTOROLA
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0C2=2,3/4,...,FF,0
(COUNT UP) || (COUNT UP) | (COUNT UP) ||
COMPARE |waf |wsl |wsf |ef |wo] |wsf |esf |=>

PH2
<2 <2
ra ra
TIMCLK v v
- PRESET |e»| |~
fal fal
COUNTER2 N 01
<2 <2
ra ra
OC2 (buffer) N
<2 <2
ra ra
CMP2 v
<2 <2
ra ra
EVO
<2 <2
0cC2=1
(COUNT UP) | (COUNT UP) | (COUNT UP) |
COMPARE [wsf  fwsf fes] e | jwsf e ]
r r
PH2
<2 <2
ra ra
PRESET > |~ PRESET |e»| |~ PRESET |=»
fal fal
COUNTER2 01 01
<2 <2
ra ra
OC2 (buffer) 01
<2 <2
ra ra
CMP2 Y Y Y
<2 <2
= ra
EVO
<2 <2
Figure 9-8. Timer 2 Timing Diagram for f(PH2) > f(TIMCLK)
MOTOROLA TIMER SYSTEM MC68HCO5PD6
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c 1, 1 o e (L) | L
0C2=2,3/4,....FF,0 2 2] [N [N

PH2

TIMCLK Y

A
Y

COUNTER2 N-1 N 01 02

OC2 (buffer) N

CMP2

EVO

1. COUNT UP
2. COMPARE
3. PRESET (that overrides COUNT UP)

T T I R € I DR A B

OC2=1 2, 2, 2, 2,

PH2

TIMCLK Y

A
Y
A

Y
A

A
A
A

COUNTER2 01 01 01 01

OC2 (buffer) 01

CMP2 ,

EVO

1. COUNT UP
2. COMPARE
3. PRESET (that overrides COUNT UP)

Figure 9-9. Timer 2 Timing Diagram for f(PH2) = f(TIMCLK)

MC68HCO5PD6 TIMER SYSTEM MOTOROLA
REV 1.1 9-15



GENERAL RELEASE SPECIFICATION July 7, 1997

9.2.1 Timer Control Register 2 (TCR2)

7 6 5 4 3 2 1 0
R 0
TCR2 - TI2E OC2IE T2CLK IM2 IL2 OE2 oL2
$0001C | W
reset [ 0 0 0 0 0 0 0 0

TI2IE — Timer Input 2 Interrupt Enable
TI2IE bit enables Timer Input 2 (EVI) interrupt when TI2F is set. This bit is
cleared on reset.
0 = Timer Input 2 Interrupt is disabled
1= Timer Input 2 Interrupt is enabled

OC2IE — Compare 2 Interrupt Enable
OC2IE bit enables Compare 2 (CMP2) interrupt when compare match is
detected (OC2F is set). This bit is cleared on reset.
0 = Compare 2 Interrupt is disabled
1= Compare 2 Interrupt is enabled

T2CLK —Timer 2 Clock select
The T2CLK bit selects clock source for the timer counter 2. This bit is cleared
on reset.
0 = CLK2 from prescaler is selected
1= EXCLK from EVI input block is selected

IM2 —Timer Input 2 Mode select
The IM2 bit selects whether EVI input is gated by CLK2 or not gated by CLK2.
This bit is cleared on reset.
0 = EVIis not gated by CLK2 (Event Mode)
1= EVlis gated by CLK2 (Gated Mode)

IL2 —Timer Input 2 active edge (Level) select
The IL2 bit selects the active edge of EVI to increment counter for the Event
Mode (IM2 = 0), or gate enable level of EVI for the Gate Mode (IM2 = 1). This
bit is cleared on reset.
0 = Falling edge is selected (Event Mode)
Low level enables counting (Gate Mode)
1 = Rising edge is selected (Event Mode)
High level enables counting (Gated Mode)

IM2 IL2 Action on Clock
0 0 EVI falling edge increments counter
0 1 EVI rising edge increments counter
1 0 Low level on EVI enables counting
1 1 High level on EVI enables counting
MOTOROLA TIMER SYSTEM MC68HCO5PD6
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OE2 —Timer Output 2 (EVO) Output Enable
The OE2 bit enables EVO output on PC5 pin. When this bit is changed, control
of the pin is delayed (synchronized) until the next active edge of EVO that is
selected by OL2 bit occurs. This bit is cleared on reset.
0 = EVO output is disabled
1= EVO output is enabled

OL2 —Timer Output 2 Edge select for synchronization
The OL2 bit selects which edge of EVO clock should be synchronized by the
OEZ2 bit control. The OL2 bit also decides the initial value of the CMP2 divider,
when counter 2 is written to by the CPU. This bit is cleared on reset.
0 = The falling edge of EVO switches EVO output and PC5 if OE2 bit
has been changed
1= The rising edge of EVO switches EVO output and PC5 if OE2 bit has
been changed

9.2.2 Timer Status Register 2 (TSR2)

7 6 5 4 3 2 1 0
R TI2F OC2F 0 0 0 0 0 0
TSR2
$001D | W RTI2F ROC2F
reset 0 0 0 0 0 0 0 0 0

TI2F —Timer Input 2 (EVI) Interrupt Flag
In Event mode the event edge sets TI2F and in gated time accumulation mode
the trailing edge of the gate signal at the EVI input pin sets TI2F. When TI2IE bit
and this bit are set, an interrupt is generated. This bit is a read only bit and
writes have no effect. The TI2F is cleared by writing a 1 to the RTI2F bit and on
reset.

OC2F — Compare 2 Interrupt Flag
The OCZ2F bit is set when the compare match is detected between counter 2
and OC2 register. When OC2IE bit and this bit are set, an interrupt is
generated. This bit is a read only bit and writes have no effect. The OC2F is
cleared by writing a 1 to ROC2F bit and on reset.

RTI2F — Reset Timer Input 2 Flag
The RTI2F bit is a write only bit and always read as 0. Writing 1 to this bit clears
TI2F bit and writing a 0 to this bit has no effect.

ROC2F — Reset Output Compare 2 Flag
The ROC2F bit is a write only bit and always read as 0. Writing 1 to this bit
clears OC2F bit and writing a 0 to this bit has no effect.

MC68HCO5PD6 TIMER SYSTEM MOTOROLA
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9.2.3 Output Compare Register 2 (OC2)

7 6 5 4 3 2 1 0
R
OoC2 |+ 20c7 20C6 20C5 20C4 20C3 20C2 20C1 20C0
$001E |W
reset [J 1 1 1 1 1 1 1 1

The OC2 register data is transferred to the buffer register when the CPU writes to
CNT2, when the CMP2 presets the CNT2, or when system reset.

When the OC2 buffer register matches the CNT2 register, the OC2F bit in the Tsr2
Register Is Set And Cnt2 Is Preset To $01.

9.2.4 Timer Counter 2 (CNT2)

7 6 5 4 3 2 1 0
R
2CNT7 2CNT6 2CNT5 2CNT4 2CNT3 2CNT2 2CNT1 2CNTO
CNT2
$001|: w Counter Preset to 1
reset O 0 0 0 0 0 0 0 1

The Timer Counter 2 (CNT2) is incremented by the falling edge of the timer clock
(which is synchronized and has the same timing as falling edge of PH2).

The CNT2 register is compared with OC2 buffer register and initialized to $01 if it
matches. It is also initialized to $01 on reset and any CPU write to this register.

The CPU read of this counter should be done while PH2 is high and data may be
latched by the local or main data bus while PH2 is low.

9.2.5 Time Base Control Register 1 (TBCR1)

7 6 5 4 3 2 1 0
R
TBCR1 || T7BCLK 0 LCLK 0 0 0 T2R1 T2RO
$0010 |W
reset [J 0 0 0 0 0 0 0 0
TBCLK, LCLK

See Section 8.4 for a detailed description.

MOTOROLA TIMER SYSTEM MC68HCO5PD6
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T2R1,T2R0 — Prescale Rate select bits for Timer 2
The T2R1 and T2RO0 bits select prescale rate of CLK2 for Timer 2. These bits
are cleared on reset.

T2R1 T2RO System clock divide by
0 0 1
0 1 4
1 0 32
1 1 256

9.2.6 Timer Input 2 (EVI)

The Event Input (EVI) is used as an external clock input for Timer 2.

» to TI2F
ACTIVE GATE/EVENT
PC4 | » SYNC » EDGE/LEVEL > MODE |, EXCLK
EVI SELECTOR CONTROL
PC4 PH2 IL2 IM2 CLK2

Figure 9-10. EVI Block Diagram

Since the external clock may be asynchronous to the internal clock, this input has
a synchronizer which samples external clock by the internal system clock. (The
input transition synchronizes to the falling edge of PH2. Therefore the minimum
pulse width for EVI must be larger than one system clock to be measured.)

The IM2 and IL2 bits in the TCR2 determine how this synchronized external clock
is used. IM2 bit decides between Event mode and Gated mode, and IL2 bit
decides which level or edge is activated.

In the Event mode (IM2 = 0), the external clock drives the Timer 2 counter directly
and the active edge at the EVI pin is selected by the IL2 bit. When active edge is
detected the TI2F bit in the TCR2 is set.

In the Gated mode (IM2 = 1), the EVI input is gated by CLK2 from the prescaler
and gate output drives the Timer 2 counter. IL2 bit decides active level of the
external input. When the transition from active level to inactive level is detected the
TI2F bit is set.

MC68HCO5PD6 TIMER SYSTEM MOTOROLA
REV 1.1 9-19



GENERAL RELEASE SPECIFICATION July 7, 1997

Changing the IM2 bit may cause an illegal count up of CNT2. Thus presetting
CNT?2 after initializing IM2 is required.

Table 9-1. EVI Mode Select

IM2 IL2 Action on Clock
0 0 EVI falling edge increments counter
0 1 EVI rising edge increments counter
1 0 Low level on EVI enables counting
1 1 High level on EVI enables counting
NOTE

Since the EVI pin is shared with the PC4 1/O pin, DDRC4 should
always be cleared whenever EVI is used. EVI should not be used
when DDRC4 is high.

MOTOROLA TIMER SYSTEM MC68HCO5PD6
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IM2=0 (Event Mode)

EVI

PH2 v

EXCLK v
(1L2=0)

COUNTER X X+1 X+2

EXCLK v
(L2=1)

COUNTER X X+1 X+2

IM2=1 (Gate Mode)

EVI
synchronized

CLK2

EXCLK v
(1L2=0)

COUNTER

EXCLK v
(IL2=1)

COUNTER

Figure 9-11. EVITiming Diagram

9.2.7 Event Output (EVO)

The EVO pin is the clock output pin of Timer 2. The compare output from the
Timer 2 (CMP2) is divided in this block for 50% duty output signal. This 1/2 divider
is initialized to the level of the OL2 bit when the timer counter 2 is written to by the
CPU (initialized).

MC68HCO5PD6 TIMER SYSTEM MOTOROLA
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OE2

DDRC5

OL2

CMP2 — 1/2

e

CNTR2
WRITE

SEL

PC5 (Out)

Figure 9-12. EVO Block Diagram

PC5
EVO

PC5 (In)

When the OE2 bit in the Timer Control Register 2 (TCR2) is set, the EVO output is
activated and when OE2 is cleared EVO is deactivated. These controls must be
done synchronously to the EVO output signal to avoid an incomplete pulse on the
pin. The OL2 bit in the TCR2 decides which edge of EVO should be synchronized.

When DDRCS5 bit is set or the synchronized output enable is high (clock on), the
output buffer at the EVO/PC5 pin is enabled. If DDRCS5 bit is set to one, the pin
state during the idling condition (clock off) depends on the PC5 output data latch.
If DDRCS5 is cleared, the pin becomes high impedance during clock off.
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CNTR2 WRITE
OoL2=0
cwez || Jod0 U U Uy
OE2
CMP2/2 v v
EVO N
PC5=0/EVO
oL2=1
cwez || Jod0 U U Uy
OE2
CMP2/2 A A
EVO R
PC5=1/EVO
Figure 9-13. EVO Timing Diagram
9.3 PRESCALER
The 8-bit prescaler in the timer system divides system clock (PH2) and provides
divided clock to each timer and Event input.
CLK1 for the Timer 1 is a fixed frequency clock (PH2/4).
CLK2 for the Timer 2 is selected by T2R1 and T2RO0 bits in the TBCR1, and this
clock is also used as the event input for the gate mode. The CLK2 transitions must
be synchronous to the falling edge of PH2.
MC68HCO05PD6 TIMER SYSTEM MOTOROLA
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Table 9-2. CLK2 Divide Ratio

T2R1 T2RO System clock divide by
0 0 1
0 1 4
1 0 32
1 1 256
RST » CLK1
* 1 for Timer 1
PH2 —p 8-bit Divider 4
> SEL ——— & CLK2
1 1 1 1 for Timer 2
1 4 32 256 ? ?
— O
X o
N N
-
Figure 9-14. Prescaler Block Diagram
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SECTION 10
LCD DRIVER

The LCD driver may be configured with 4 Backplanes (BP) and 36 Frontplanes
(FP) maximum. The VDD voltage is the highest level of the output waveform and
the lower three levels are VLCD1, VLCDZ2, and VLCD3. VLCD3 can be externally
driven, while VLCD1 and VLCD2 are internally generated.

On reset, LCD enable bit (LCDE) in the LCD control register (LCDCR) is cleared
(LCD drivers at a disabled state) and all BP and FP pins output VVdd level.

The LCD clock is generated by the Time Base module and LCLK bit in the TBCR1
selects clock frequency.

10.1 LCDWAVEFORM EXAMPLES

The following figures illustrate the LCD timing examples.

MC68HCO5PD6 LCD DRIVER MOTOROLA
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DUTY=1/3
/3

BIAS=1 (VLCD1=(VDD-VLCD3)2/3+VLCD3, VLCD2=(VDD-VLCD3)/3+VLCD3)

1FRAME

LI
M ' —_ VDD
—_VLCD1

BPO J_'—l_ VLCD2

— VLCD3

— VDD
— VLCD1

— VLCD2
| | | vicos

BP1

— VDD

r— VLCD1
— VLCD2
— VLCD3

BP2

— VDD

FPx — VLCD1
(X010) —__VLCD2

—— VLCD3

—_ +VvDD

— +2VLCD/3
— +VLCD/3
—0

— -VLCD/3
— -2VLCD/3
— -VDD

—— +VDD

— +2VLCD/3
— +VLCD/3

BP1-FPx

(ON) —0

— -VLCD/3

— -2VLCD/3

— -VDD

Figure 10-1. LCD 1/3 Duty and 1/3 Bias Timing Diagram
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DUTY=1/4
/3

BIAS=1 (VLCD1=(VDD-VLCD3)2/3+VLCD3, VLCD2=(VDD-VLCD3)/3+VLCD3)

4 & al
« ”

1FRAME

x

BPO

— VDD
— VLCD1

— VLCD2
Ii Ii — VLCD3

BP1

— VDD

— VLCD1
— VLCD2
— VLCD3

BP2

— VDD

— VLCD1
— VLCD2

— VLCD3

BP3

— VDD

— VLCD1
(Fl%)él) —|_| |_ _|—| |— — VLCD2

— VLCD3

— +VDD

— +2VLCD/3
— +VLCD/3

BPO-FPx

(ON) —0

— -VLCD/3

— -2VLCD/3

— -VDD

— +VDD
— +2VLCD/3
— +VLCD/3
—0

— -VLCD/3
— -2VLCD/3
— -VDD

Figure 10-2. LCD 1/4 Duty and 1/4 Bias Timing Diagram

MC68HCO5PD6 LCD DRIVER MOTOROLA
REV 1.1 10-3



GENERAL RELEASE SPECIFICATION July 7, 1997

10.2 VLCD3 BIAS INPUT & BIAS RESISTORS

VLCD3 is the bias input for the MC68HC(7)05PD6 LCD module. The highest level
of the output waveform is VDD voltage and the lower three levels are VLCD1,
VLCD2 and VLCD3. VLCD3 is externally driven, while the other reference
voltages, VLCD1 and VLCD2, are internally generated.

The MC68HC(7)05PD6 LCD module has software selectable internal bias
resistors R cp1, Ricp2 and R cpz Which form a resistor ladder. This ladder is
used to generate VLCD1, VLCD2 and VLCD3. The resistors are arranged such
that VDD>VLCD1>VLCD2>VLCD3. Bias voltages may be adjusted using these
internal resistors. Three possible values may be selected for these resistors using
the FC and LC bits in the LCD Control Register at $0020. A contrast resistor, Ry,
as illustrated in Figure 10-3, may be placed between VDD and VSS.

MCU
VDD
| VDD
% Ricp1
VLCD1
§ Ricp2
VLCD2
R
VLCD3 % LCD3
VLCD3
Ry

Figure 10-3. Simplified LCD Voltage Divider Schematic
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10.3 BACKPLANE DRIVER AND PORT SELECTION

The number of Backplanes (Port D) pins depends on the LCD duty. It is automatically
selected by DUTY1 and DUTYO bits in the LCD Control Register (LCDCR). On reset,
these bits are cleared and 1/4 duty is selected.

Table 10-1. Backplanes and Port Selection

LCD CONTROL PIN SELECTION
DUTY
DUTYS BP3/PD3 BP2/PD2 BP1/PD1 BPO/PDO
1/3 1 PD3 BP2 BP1 BPO
1/4 0 BP3 BP2 BP1 BPO

10.4 LCD CONTROL REGISTER (LCDCR)

7 6 5 4 3 2 1 0
R 0 0 0
LCDCR || Lcpe DUTYS DUTYOF FC Lc
$0020 |w
reset 0 0 0 0 0 0 0 0

LCDE — LCD Output Enable
The LCDE bit enables all BP and FP outputs. This bit is cleared on reset.
0 = Ports that configure as BP and FP pins will output VVdd.
1= all BP and FP pins output LCD waveform

DUTYS - LCD Duty Select
The DUTYS bits select the duty of LCD driver as shown in Table 10-1. The
number of BP pins is related to this duty selection. The unused BP pin is used
as Port D pin. Default duty is 1/4 duty. These bits are cleared on reset.

DUTYOF — LCD Duty Disable
0= LCD Duty is enable. The number of BP pins is determined by
DUTYS.
1= LCD Duty is disable. BPO - BP3 are replaced by PDO - PD3
respectively regardless the selection of LCD duty.

FC, LC — Fast Charge, Low Current
These bits are used to select resistor values in the voltage generator resistor
chain. Reset clears these bits.

MC68HCO5PD6 LCD DRIVER MOTOROLA
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Table 10-2. LCD Bias Resistors

LC FC Action
0 X Default value of typically 30kQ per resistor
1 0 Resistor value of typically 200kQ per resistor

1 1 Fast-charge: for period of LCD CLK/128 in each frame the resis-
tor values are reduced to default (value for LC=0)

10.5 LCD DATA REGISTER (LCDRX)

— FP(2x-1) — R FP(2x-2) —
7 6 5 4 3 2 1 0
LCDRXx | g
$0021- || B8P3 BP2 BP1 BPO BP3 BP2 BP1 BPO
$0032 |wW
reset X X X X X X X X

Data in the LCDRx (LCDR1-LCDR18) controls the waveform of the two
Frontplanes drivers. Bit 0 thru 3 and bit 4 thru 7 of this register decide the
waveforms at the BPO thru BP3 timings. If LCD duty is not 1/4, the register bit for
the unused Backplanes have no meaning.

0 = output deselect waveform at the corresponding Backplanes timing.

1 = output select waveform at the corresponding Backplanes timing.

FRONTPLANE DATA REGISTER BIT USAGE
DUTY
7 6 5 4 3 2 1 0
1/3 — BP2 BP1 BPO — BP2 BP1 BPO
1/4 BP3 BP2 BP1 BPO BP3 BP2 BP1 BPO
MOTOROLA LCD DRIVER MC68HCO5PD6
REV 1.1
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SECTION 11
SERIAL COMMUNICATIONS INTERFACE

A full-duplex asynchronous SCI is provided with a standard NRZ format and a
selection of baud rates. The SCI transmitter and receiver are functionally
independent but use the same data format and baud rate. The terms baud and bit
rate are used synonymously in the following description.

11.1 SCITWO-WIRE SYSTEM FEATURES
» Standard NRZ (mark/space) format

« Advanced error detection method includes noise detection for noise
duration of up to 1/16 bit time

* Full-duplex operation (simultaneous transmit and receive)
» Software programmable for different baud rates

» Software-selectable word length (eight or nine bit words)
* Separate transmitter and receiver enable bits

* SCI may be interrupt driven

* Four separate interrupt conditions

11.2 SCI RECEIVER FEATURES
* Receiver wake-up function (idle or address bit)
* lIdle line detect
* Framing error detect
* Noise detect
» Overrun detect
* Receiver data register full flag

11.3 SCITRANSMITTER FEATURES
» Transmit data register empty flag
e Transmit complete flag
* Break send

MC68HCO5PD6 SERIAL COMMUNICATIONS INTERFACE MOTOROLA
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Any SCI two-wire system requires receive data in (RDI) and transmit data out
(TDO).

SCl interrupt

INTERNAL BUS

TRANSMIT RECEIVE
DATA see note see note DATA
REGISTER REGISTER
iL SCCR2 TT
TRANSMIT TIE RECEIVE
DATA SHIFT TCIE DATA SHIFT
REGISTER REGISTER
RIE
A /
DO ILIE J RDI
L TE
RE
SCSR RWU
[ Fe [ NF | or | e | RORF| TC [ TORE]| SBK
I I I I I I t
A
WAKE UP
TE SBK 7 UNIT
A A
A
| TRANSMIT FLAG RECENE |«— 1
CONTROL CONTROL CONTROL [*
1 o
| INTERNAL
| RATE GENERATOR |<—PROCESSOR
A A ] [} CLOCK
BAUD RATE
L - | - [scpt|scro| - |[scre|scra| scro|paibRel
[ Re [ 18 | - [ ™ [wake] | - [ - |scert
NOTE:  The serial data communications data register (SCDAT) is controlled by the R/W signal.
Itis the transmit data register when written and receive data register when read.
Figure 11-1. Serial Communications Interface Block Diagram
MOTOROLA SERIAL COMMUNICATIONS INTERFACE MC68HCO5PD6
REV 1.1
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11.4 DATA FORMAT

Receive data in (RDI) or transmit data out (TDO) is the serial data presented
between the internal data bus and the output pin (TDO) and between the input pin
(RDI) and the internal data bus. Data format is as shown for the NRZ in
Figure 11-2 and must meet the following criteria:

1. A high level indicates a logic one and a low level indicates a logic zero.

2. Theidle line is in a high (logic one) state prior to transmission/reception
of a message.

3. A start bit (logic zero) is transmitted/received indicating the start of a
message.

4. The data is transmitted and received least-significant-bit first.

5. A stop bit (high in the tenth or eleventh bit position) indicates the byte is
complete.

6. A break is defined as the transmission or reception of a low (logic zero)
for some multiple of the data format.

CONTROLBITM
SELECTS 8 OR 9 BIT DATA

—AN—
01 2 3 45 6 7 8 0

IDLE LINE LI TPl fe]]

T * Stop bit is always high STOP T
START START

Figure 11-2. Data Format

11.5 WAKE-UP FEATURE

In a typical multiprocessor configuration, the software protocol will usually identify
the addressee(s) at the beginning of the message. To permit uninterested MPUs
to ignore the remainder of the message, a wake-up feature is included, whereby
all further SCI receiver flag (and interrupt) processing can be inhibited until its
data line returns to the idle state. An SCI receiver is re-enabled by an idle string of
at least ten (or eleven) consecutive ones. Software for the transmitter must
provide for the required idle string between consecutive messages and prevent it
from occurring within messages.

A second wake-up method is available in which sleeping SCI receivers can be
awakened by a logic one in the high-order bit of a received character.

MC68HCO5PD6 SERIAL COMMUNICATIONS INTERFACE MOTOROLA
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11.6

11.7

RECEIVE DATA IN (RDI)

Receive data in (RDI) is the serial data which is presented from the input pin via
the SCI to the receive data register (RDR). While waiting for a start bit, the
receiver samples the input at a rate 16 times higher than the set baud rate. This
increased rate is referred to as the RT rate. When the input (idle) line is detected
low, it is tested for three more sample times. If at least two of these three samples
detect a logic low, a valid start bit is assumed to be detected. If in two or more
samples, a logic high is detected, the line is assumed to be idle. The receive clock
generator is controlled by the baud rate register (see Section 11.9.5); however,
the SCI is synchronized by the start bit independent of the transmitter.

Once a valid start bit is detected, the start bit, each data bit, and the stop bit are
each sampled three times. The value of the bit is determined by voting logic, which
takes the value of a majority of samples. A noise flag is set when all three samples
on a valid start bit, data bit, or stop bit do not agree. A noise flag is also set when
the start verification samples do not agree.

previous bit present bit samples next bit

RDI vV Vv '
16 1 8 9 10 16 1
R R R R R R R
T T T T T T T

Figure 11-3. Sampling Technique used on All bits

START BIT DETECTION FOLLOWING A FRAMING ERROR

If there has been a framing error (FE) without detection of a break (10 zeros for 8-
bit format or 11 zeros for a 9-bit format), the circuit continues to operate as if there
actually were a stop bit, and the start edge will be placed artificially. The last bit
received in the data shift register is inverted to a logic one, and the three logic-one
start qualifiers (shown in Figure 11-4) are forced into the sample shift register
during the interval when detection of a start bit is anticipated (see Figure 11-5);
therefore, the start bit will be accepted no sooner than it is anticipated.

If the receiver detects that a break (RDRF=1, FE=1, receiver data register=$00)
produced the framing error, the start bit will not be artificially induced, and the
receiver must actually receive a logic one before start. See Figure 11-6.

MOTOROLA SERIAL COMMUNICATIONS INTERFACE MC68HCO5PD6

11-4

REV 1.1



July 7, 1997 GENERAL RELEASE SPECIFICATION

16x INTERNAL SAMPLING CLOCK

JUUyuuuuu U Uy UL

RT CLOCK EDGES (for all three examples) 1 2 3 4 5 6 7 8
R R R R R R R R
T T T T T T T T

idle
RDI1 start
1 1 1 1 1 1 1 1 1 1 0 0 0 0
~
start qualifiers start edge verification samples
idle noise
RDI2 start |_|
1 1 1 1 1 1 1 1 1 1 0 0 1 0
idle noise
RDI3 |_| start
1 1 1 1 0 1 1 1 1 1 0 0 1 0

Figure 11-4. Example of Start-Bit Sampling Technique

-—— data —>l<— expected sto —»I
P P artificial edge

receive data in r/ start bit
T T T |<— data —

data samples

(a) Case 1: Receive line low during artificial edge

<— data —>I<— expected stop —>|
start edge

receive data in - start bit
T T T |<— data —»

data samples

(b) Case 2: Receive line high during start edge

Figure 11-5. SCI Artificial Start following a Framing Error

detected as
~«— expected stop valid start edge

~—— preak

start bit

receive data in

LR R

data data data start start edge
samples samples samples qualifiers  verification
samples

Figure 11-6. SCI Start following a Break
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11.8

11.9

TRANSMIT DATA OUT (TDO)

Transmit data out is the serial data which is presented from the internal data bus
via the SCI and then to the output pin. Data format is as discussed above and
shown in Figure 11-2. The transmitter generates a bit time by using a derivative of
the RT clock, thus producing a transmission rate equal to 1/16 that of the receiver
sample clock.

SCI REGISTERS

There are five registers used in the SCI; the internal configuration of these
registers is discussed in the following paragraphs. A block diagram of the SCI
system is shown in Figure 11-1.

11.9.1 Serial Communications Data Register (SCDAT)

7 6 5 4 3 2 1 0
R
SCDR || SCD7 SCD6 SCD5 SCD4 SCD3 SCD2 SCD1 SCDO
$000E |w
reset X X X X X X X X

The serial communications data register performs two functions in the serial
communications interface; i.e. it acts as the receive data register when it is read
and as the transmit data register when it is written. Figure 11-1 shows this
register as two separate registers, namely: the receive data register (RDR) and
the transmit data register (TDR). As shown in Figure 11-1, the TDR (transmit data
register) provides the parallel interface from the internal data bus to the transmit
shift register and the receive data register (RDR) provides the interface from the
receive shift register to the internal data bus.

When SCDAT is read, it becomes the receive data register and contains the last
byte of data received. The receive data register, represented above, is a read-only
register containing the last byte of data received from the shift register for the
internal data bus. The RDRF bit (receive data register full bit in the serial
communications status register) is set to indicate that a byte has been transferred
from the input serial shift register to the serial communications data register. The
transfer is synchronized with the receiver bit rate clock (from the receive control)
as shown in Figure 11-1. All data is received least-significant-bit first.

When SCDAT is written, it becomes the transmit data register and contains the
next byte of data to be transmitted. The transmit data register, also represented
above, is a write-only register containing the next byte of data to be applied to the

MOTOROLA SERIAL COMMUNICATIONS INTERFACE MC68HCO5PD6
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transmit shift register from the internal data bus. As long as the transmitter is
enabled, data stored in the serial communications data register is transferred to
the transmit shift register (after the current byte in the shift register has been
transmitted). The transfer from the SCDAT to the transmit shift register is
synchronized with the bit rate clock (from the transmit control) as shown in
Figure 11-1. All data is transmitted least-significant-bit first.

11.9.2 Serial Communications Control Register 1 (SCCR1)

7 6 5 4 3 2 1 0
R
SCCR1 || RS T8 M WAKE
$000B |w
reset X X - X X

The serial communications control register 1 (SCCR1) provides the control bits
which: 1) determine the word length (either 8 or 9 bits), and 2) selects the method
used for the wake-up feature. Bits 6 and 7 provide a location for storing the ninth
bit for longer bytes.

R8
If the M bit is a one, then this bit provides a storage location for the ninth bit in
the receive data byte. Reset does not affect this bit.

T8
If the M bit is a one, then this bit provides a storage location for the ninth bit in
the transmit data byte. Reset does not affect this bit.

M
The option of the word length is selected by the configuration of this bit and is
shown below. Reset does not affect this bit.
0 = 1 start bit, 8 data bits, 1 stop bit
1= 1 start bit, 9 data bits, 1 stop bit

WAKE

This bit allows the user to select the method for receive “wake up”. If the WAKE
bit is a logic zero, an idle line condition will “wake up” the receiver. If the WAKE
bit is set to a logic one, the system acknowledges an address bit (most
significant bit). The address bit is dependent on both the WAKE bit and the M
bit level (table shown below). (Additionally, the receiver does not use the wake-
up feature unless the RWU control bit in serial communications control register
2 is set as discussed below.) Reset does not affect this bit.

MC68HCO5PD6 SERIAL COMMUNICATIONS INTERFACE MOTOROLA
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WAKE M METHOD OF RECEIVER ‘WAKEUP’
0 Detection of an idle line allows the next data byte received to cause
the receive data register to fill and produce an RDRF.
1 0 Detection pf a received one in the eight data bit allows an RDRF flag
and associated error flags.
1 1 Detection pf a received one in the ninth data bit allows an RDRF flag
and associated error flag.

11.9.3 Serial Communications Control Register 2 (SCCR2)

7 6 5 4 3 2 1 0
R
SCCR2 || TE TCIE RIE ILIE TE RE RWU SBK
$000C |w
reset 0 0 0 0 0 0 0 0

The serial communications control register 2 (SCCR2) provides the control bits
which: individually enable/disable the transmitter or receiver, enable the system
interrupts, and provide the wake-up enable bit and a “send break code” bit. Each
of these bits is described below. (The individual flags are discussed in the
Section 11.9.4.)

TIE
When the transmit interrupt enable bit is set, the SCI interrupt occurs provided
TDRE is set (see Figure 11-1). When TIE is cleared, the TDRE interrupt is
disabled. Reset clears the TIE bit.

TCIE
When the transmission complete interrupt enable bit is set, the SCI interrupt
occurs provided TC is set (see Figure 11-1). When TCIE is clear, the TC
interrupt is disabled. Reset clears the TCIE bit.

RIE
When the receive interrupt enable bit is set, the SCI interrupt occurs provided
OR is set or RDRF is set (see Figure 11-1). When RIE is cleared, the OR and
RDREF interrupts are disabled. Reset clears the RIE bit.

ILIE
When the idle line interrupt enable bit is set, the SCI interrupt occurs provided
IDLE is set (see Figure 11-1). When ILIE is cleared, the IDLE interrupt is
disabled. Reset clears the ILIE bit.

MOTOROLA SERIAL COMMUNICATIONS INTERFACE MC68HCO5PD6
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TE

When the transmit enable bit is set, the transmit shift register output is applied
to the TDO line. Depending on the state of control bit M in serial
communications control register 1, a preamble of 10 (M=0) or 11 (M=1)
consecutive ones is transmitted when software sets the TE bit from a cleared
state. If a transmission is in progress, and TE is written to a zero, then the
transmitter will wait until after the present byte has been transmitted before
placing the TDO pin in the idle high-impedance state. If the TE bit has been
written to a zero and then set to a one before the current byte is transmitted, the
transmitter will wait until that byte is transmitted and will then initiate
transmission of a new preamble. After the preamble is transmitted, and
provided the TDRE bit is set (no new data to transmit), the line remains idle
(driven high while TE = 1); otherwise, normal transmission occurs. This function
allows the user to “neatly” terminate a transmission sequence. After loading the
last byte in the serial communications data register and receiving the interrupt
from TDRE, indicating the data has been transferred into the shift register, the
user should clear TE. The last byte will then be transmitted and the line will go
idle (high impedance). Reset clears the TE bit.

RE
When the receive enable bit is set, the receiver is enabled. When RE is
cleared, the receiver is disabled and all of the status bits associated with the
receiver (RDRF, IDLE, OR, NF, and FE) are inhibited. Reset clears the RE bit.

RWU

When the receiver wake-up bit is set, it enables the “wake up” function. The
type of “wake up” mode for the receiver is determined by the WAKE bit
discussed above (in the SCCR1). When the RWU bit is set, no status flags will
be set. Flags which were set previously will not be cleared with RWU is set. If
the WAKE bit is cleared, RWU is cleared after receiving 10 (M=0) or 11 (M=1)
consecutive ones. Under these conditions, RWU cannot be set if the line is idle.
If the WAKE bit is set, RWU is cleared after receiving an address bit. The RDRF
flag will then be set and the address byte will be stored in the receiver data
register. Reset clears the RWU bit.

SBK

When the send break bit is set the transmitter sends zeros in some number
equal to a multiple of the data format bits. If the SBK bit is toggled set and clear,
the transmitter sends 10 (M=0) or 11 (M=1) zeros and then reverts to idle or
sending data. The actual number of zeros sent when SBK is toggled depends
on the data format set by the M bit in the serial communications control register
1; therefore, the break code will be synchronous with respect to the data
stream. At the completion of the break code, the transmitter sends at least one
high bit to guarantee recognition of a valid start bit. Reset clears the SBK bit.

MC68HCO5PD6 SERIAL COMMUNICATIONS INTERFACE MOTOROLA
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11.9.4 Serial Communications Status Register (SCSR)

SCSR
$000D

7 6 5 4 3 2 1 0
R
— TDRE TC RDRF IDLE OR NF FE
w
reset 1 1 0 0 0 0 0

The serial communications status register (SCSR) provides inputs to the interrupt
logic circuits for generation of the SCI system interrupt. In addition, a noise flag bit
and a framing error bit are also contained in the SCSR.

TDRE

The transmit data register empty bit is set to indicate that the contents of the
serial communications data register have been transferred to the transmit serial
shift register. If the TDRE bit is clear, it indicates that the transfer has not yet
occurred and a write to the serial communications data register will overwrite
the previous value. The TDRE bit is cleared by accessing the serial
communications status register (with TDRE set), followed by writing to the
serial communications data register. Data can not be transmitted unless the
serial communications status register is accessed before writing to the serial
communications data register to clear the TDRE flag bit. Reset sets the TDRE
bit.

TC

The transmit complete bit is set at the end of a data frame, preamble, or break
condition if:

1. TE =1, TDRE = 1, and no pending data, preamble, or break is to be
transmitted; or

2. TE =0, and the data, preamble, or break (in the transmit shift register)
has been transmitted.

The TC bit is a status flag which indicates that one of the above conditions has

occurred. The TC bit is cleared by accessing the serial communications status

register (with TC set), followed by writing to the serial communications data

register. It does not inhibit the transmitter function in any way. Reset sets the TC

bit.

RDRF

When the receive data register full bit is set, it indicates that the receiver serial
shift register is transferred to the serial communications data register. If multiple
errors are detected in any one received word, the NF, FE, and RDRF bits will be
affected as appropriate during the same clock cycle. The RDRF bit is cleared
when the serial communications status register is accessed (with RDRF set)
followed by a read of the serial communications data register. Reset clears the
RDREF bit.

MOTOROLA SERIAL COMMUNICATIONS INTERFACE MC68HCO5PD6
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IDLE

When the idle line detect bit is set, it indicates that a receiver idle line is
detected (receipt of a minimum number of ones to constitute the number of bits
in the byte format). The minimum number of ones needed will be 10 (M=0) or
11 (M=1). This allows a receiver that is not in the wake-up mode to detect the
end of a message, detect the preamble of a new message, or to resynchronize
with the transmitter. The IDLE bit is cleared by accessing the serial
communications status register (with IDLE set) followed by a read of the serial
communications data register. The IDLE bit will not be set again until after an
RDRF has been set; i.e., a new idle line occurs. The IDLE is not set by an idle
line when the receiver “wakes up” from the wake-up mode. Reset clears the
IDLE bit.

OR

When the overrun error bit is set, it indicates that the next byte is ready to be
transferred from the receive shift register to the serial communications data
register when it is already full (RDRF it is set). Data transfer is then inhibited
until the RDRF bit is cleared. Data in the serial communications data register is
valid in this case, but additional data received during an overrun condition
(including the byte causing overrun) will be lost. The OR bit is cleared when the
serial communications status register is accessed (with OR set), followed by a
read of the serial communications data register. Reset clears the OR bit.

NF

The noise flag bit is set if there is noise on a “valid” start bit or if there is noise
on any of the data bits or if there is noise on the stop bit. It is not set by noise on
the idle line nor by invalid (false) start bits. If there is noise, the NF bit is not set
until the RDRF flag is set. Each data bit is sampled three times as described
above in RECEIVE DATA IN and shown in Fig. 5-3. The NF bit represents the
status of the byte in the serial communications data register. For the byte being
received (shifted in) there will also be a “working” noise flag the value of which
will be transferred to the NF bit when the serial data is loaded into the serial
communications data register. The NF bit does not generate an interrupt
because the RDRF bit gets set with NF and can be used to generate the
interrupt. The NF bit is cleared when the serial communications status register
is accessed (with NF set), followed by a read of the serial communications data
register. Reset clears the NF bit.

FE
The framing error bit is set when the byte boundaries in the bit stream are not
synchronized with the receiver bit counter (generated by a “lost” stop bit). The
byte is transferred to the serial communications data register and the RDRF bit
is set. The FE bit does not generate an interrupt because the RDRF bit is set at
the same time as FE and can be used to generate the interrupt. Note that if the
byte received causes a framing error and it will also cause an overrun if
transferred to the serial communications data register, then the overrun bit will

MC68HCO5PD6 SERIAL COMMUNICATIONS INTERFACE MOTOROLA
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be set, but not the framing error bit, and the byte will not be transferred to the
serial communications data register. The FE bit is cleared when the serial
communications status register is accessed (with FE set) followed by a read of
the serial communications data register. Reset clears the FE bit.

11.9.5 Baud Rate Register

7 6 5 4 3 2 1 0
R 0 0 0
SCBRR SCP1 SCPO SCR2 SCR1 SCRO
$000A |w
reset 0 0 0 0 0 U U U

The baud rate register provides the means for selecting different baud rates which
may be used as the rate control for the transmitter and receiver. The SCP0-SCP1
bits function as a prescaler for the SCR0-SCR2 bits. Together, these five bits
provide multiple, baud rate combinations for a given internal processor clock
frequency.

SCPO, SCP1
These two bits in the baud rate register are used as a prescaler to increase the
range of standard baud rates controlled by the SCRO-SCR2 bits. A table of the
prescaler internal processor clock division versus bit levels is provided below.
Reset clears SCP1-SCPO bit (divide-by-one).

SCP1 SCPO INTERNAL PROCESSOR CLOCK
DIVIDE BY
0 0 1
0 1 3
1 0 4
1 1 13

SCR2, SCR1, SCRO
These three bits in the baud rate register are used to select the baud rates of
both the transmitter and receiver. A table of baud rates versus bit levels is
shown below. Reset does not affect the SCR2-SCRO bits.

The diagram of Figure 11-7 and Table 11-1 and Table 11-2 illustrate the divided
chain used to obtain the baud rate clock (transmit clock). Note that there is a fixed
rate divide-by-16 between the receive clock (RT) and the transmit clock (Tx). The
actual divider chain is controlled by the combined SCP0-SCP1 and SCR0O-SCR2
bits in the baud rate register as illustrated. All divided frequencies shown in the
first table represent the final transmit clock (the actual baud rate) resulting from
the internal processor clock division shown in the “divide-by” column only

MOTOROLA SERIAL COMMUNICATIONS INTERFACE MC68HCO5PD6
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SCR2

SCR1 SCRO

DIVIDE BY

PRESCALER OUTPUT

1

2

4

8

16

32

64

PR RP P OO OO

PP OO KL OO
PO O OO

128

(prescaler division only). The second table illustrates how the prescaler output can
be further divided by action of the SCI select bits (SCR0-SCR2). For example,
assume that a 9600 Hz baud rate is required with a 4 MHz oscillator frequency. In
this case the prescaler bits (SCP0-SCP1) could be configured as a divide-by-
thirteen. If a divide-by-thirteen prescaler is used, then the SCR0O-SCR2 bits must
be configured as a divide-by-one. This results in a divide-by-one of the internal
processor clock to produce a 9600 Hz baud rate clock.

SCLK SCPO, SCP1 SCRO, SCR1, SCR2
osc DIV > gL ,| PRESCALER | | SCISELECT RATE
>| 2.40R 64 > CONTROL CONTROL
N M
XO0SC —» DZ'V T T
SYS1  SYSO
SCI RECEIVE DIV SCI TRANSMIT
> cLockRT) || 16 | "| cLock(TX)

Figure 11-7. Rate Generator Division

Table 11-1. Prescaler Highest Baud Rate Frequency Output

SYSTEM CLOCK (SCLK)
SCP1 | SCPO CLOCK* DIVIDED BY
2M M 62.5K 38.4
0 0 1 125 KHz 62.5KHz 3906 Hz 2400 Hz
0 1 3 41.666 KHz | 20.833 KHz 1302 Hz 800 Hz
1 0 4 31.250 KHz | 15.625 KHz 977 Hz 600 Hz
1 1 13 9600 Hz 4800 Hz 300 Hz 185 Hz

*This clock is the system clock (SCLK) shown in Figure 11-7.
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NOTE

The divided frequencies shown in Table 11-1 represent baud rates
which are the highest transmit baud rate (Tx) that can be obtained
by a specific clock frequency and only using the prescaler division.
Lower baud rate may be obtained by providing a further division
using the SCI rate select bits as shown below for some
representative prescaler outputs

Table 11-2. Transmit Baud Rate Output For a Given Prescaler Output

DIVIDED | REPRESENTATIVE HIGHEST PRESCALER BAUD RATE OUPUT
SCR2ISCRLISCROI gy 7125000 KHz | 39.06 KHz | 15.625 KHz | 9.600KHz
0 0 0 1 125.000 KHz 39.06 KHz 15.625KHz 9600Hz
0 0 1 2 62.5 KHz 19.53 KHz 7.813 KHz 4800Hz
0 1 0 4 31.250 KHz 9.765 KHz 3.906 KHz 2400Hz
0 1 1 8 15.625 KHz 4.883 KHz 1.953 KHz 1200Hz
1 0 0 16 7.813 KHz 2.441 KHz 977Hz 600Hz
1 0 1 32 3.906 KHz 1.221 KHz 488 Hz 300Hz
1 1 0 64 1.953 KHz 610 Hz 244 Hz 150Hz
1 1 1 128 977 Hz 305 Hz 122 Hz 75Hz
NOTE
Table 11-2 illustrates how the SCI select bits can be used to provide
lower transmitter baud rates by further dividing the prescaler output
frequency. The four examples are only representative samples. In all
cases, the baud rates shown are transmit baud rates (transmit clock)
and the receiver clock is 16 times higher in frequency than the
actual baud rate.
MOTOROLA SERIAL COMMUNICATIONS INTERFACE MC68HCO5PD6
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SECTION 12
P-DECODER

The P-Decoder is fully compatible with CCIR Radiopaging Code Number 1
(recommendation 584). The architecture allows for flexible application in a wide
variety of Radiopager designs. It can receive messages containing tone, numeric
and character data at 512bps, 1200bps and 2400bps data speed.

P-DECODER FEATURES
*  Fully compatible with CCIR Radiopaging Code No.1
* Programmable data rates: 512, 1200 and 2400 bps (bits per second)
» Software programmable data polarity
* Upto 6 user addresses capacity
» Two independent frame addresses
» Battery saving operation
* Programmable battery saving time

« Up to 2 bits error correction ability in both address and message
codewords with 10-bit BCH (Bose-Chaudhuri-Hocquenghem) codes

CCIR Radiopaging Code No.1

The transmission of data using CCIR Radiopaging Code No.1 is shown in
Figure 12-1. It consists of a preamble followed by batches of complete
codewords, each batch commencing with a synchronization codeword (SC).
Transmission may cease at the end of a batch when there are no further calls.

12.2.1 Preamble

Each transmission starts with a preamble to help the pagers attain bit
synchronization and thus help in acquiring word and batch synchronization. The
preamble is a pattern of bit reversals, 10101... repeated for a period of at least 576
bits, i.e. the duration of a batch plus a codeword.

MC68HCO5PD6 P-DECODER MOTOROLA
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12.2.2 Batch Structure

Codewords are structured in batches which comprise a synchronization codeword
followed by 8 frames with each frame containing 2 codewords. The frames are
numbered 0 to 7 and the pager population is divided into 8 groups. Thus each
pager is allocated to one of the 8 frames according to the 3 least significant bits
(LSB) of its 21 bit identity, i.e. 000 = frame 0, 111 = frame 7, and only examines
address codewords in that frame. Therefore each pager’s address codewords
must only be transmitted in the frame that is allocated to it.

Message codewords for any pager may be transmitted in any frame but will follow,
directly, the associated address codeword. A message may consist of any number
of codewords transmitted consecutively and may span one or more batches.

Preamble : First Batch i Second and
pe subsequent batc

L]
'

AT
Y.

SC: Synchronization Codeword SC

During at least 576 bits
=1 batch + 1 codeword
bit reversals 10101, etc.

«— 1 Frame = 2 codewords

Address codeword 0 18 address bits 2 function bits 10 BCH check bits | P

Message codeword 1| 20 message bits 10 BCH check bits | P

Figure 12-1. CCIR Radiopaging Code No.1 Format

MOTOROLA P-DECODER MC68HCO5PD6
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Codeword

A frame consists of two codewords, each 32 bits long. A codeword is either an
address, a message or an idle codeword. Idle codewords are transmitted to fill
empty batches or to separate messages.

An address codeword always starts with a ‘0’. It has 18 bits of the 21 bit user
address (bit 2 to 19) which is protected against transmission errors by 10 bits of
BCH check bits (bit 22 to 31). The missing three bits of user address are coded in
the frame number in the batch, in which the address codeword is transmitted. Two
function bits (bit 20 and 21) allow for distinguishing one of the four different calls to
the same user address. The final bit (bit 32) is chosen to give even parity.

A message codeword always starts with a ‘1’ and the whole message always
directly follows the address codeword. In a message codeword, 20 bits of any
display information can be put into the message bits (bit 2 to 21).

FUNCTIONAL BLOCKS

The P-Decoder consists of a clock divider, power saving generator, check bits
decoder and corrector, preamble and synchronization code detector. The
functional block is shown in Figure 12-2.

MC68HCO5PD6 P-DECODER MOTOROLA
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- - - Data
32-Bit Shift Register | . |<— Input
Preamble & SC
Detector DPOL
Clock Clock
Generator | 76.8KHz
v v
Mode Frame State Y
Generator Generator BCH Corrector
v
v v
Address
BSl «— . Comparator ADRA ~ ADRF
BS?2 Power Saving
¢ Generator
BS3 < - » RAR

T T T 4 $26
» RMIRx

PLL FBE FA DS $27 ~ $29
v v

PDCR1 Flag Control
$11

| DCIE | DBIE |MSGIE|ADRIE|

v ¢ ¢ ¢ ¢ PDSR

| ERRF | scF | DCF | DBF |[MSGF|ADRF| g1

TPy

Interrupt

Figure 12-2. P-Decoder Block Diagram

MOTOROLA P-DECODER MC68HCO5PD6
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12.3.1 Clock Generator

76.8KHz clock signal feeds this clock generator. It generates the internal system
clock according to the DS1 and DSO bits in the PDCRL1 register.

12.3.2 BCH Corrector

Each codeword has 21 information bits, which correspond to the coefficients of a
polynomial having the terms from x3° down to x'°. This polynomial is divided,
modulo-2, by the generating polynomial x'0+x2+x8+x8+x>+x3+x1. The check bits
correspond to the coefficients of the terms from x° to x° in the remainder
polynomial found at the completion of this division. The complete block, consisting
of the information bits followed by the check bits, corresponds to the coefficients of
a polynomial which is integrally divisible in modulo-2 fashion by the generating
polynomial. Figure 12-3 shows the flowchart of the BCH error detection and
correction. The BCH has the ability of correcting up to 2 bits error. The ERRF flag
in the PDSR register shows the error status. If ERRF ='0’, there are 2 or less than
2 bits error and the data in the RMIR register is valid. If ERRF =*1’, there are more
than 2 bits error and the data in the RMIR register is invalid.

START

d
al
Syndrom generation
Yes
Yes
S1=0 - >
No
No |«
v
Coefficient Calculation .
N=1 Receiving
< N = N+1
v No
No
Error Function A_> Yes
S(x)=0
Yes
Correct Digit

Figure 12-3. BCH Decoder Flow Chart

MC68HCO5PD6 P-DECODER MOTOROLA
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12.3.3 Address Comparator

The address comparator checks whether the incoming address codeword is
addressed to itself according to the FA2-FAO, FB2-FBO of the P-Decoder Control
Register and the six user addresses. Both 32-bit codewords in the self-frame will
be received and will be compared to the six user addresses stored in
ADRA-ADRE If the 1st 32 bits of received data is not the same as any of the six
addresses, the 2nd 32 bits of received data in the same frame will also be
compared. If the 1st or the 2nd codeword does match, the index of the matched
user address out of the six user addresses and the 2 function bits in the received
address codeword are stored in the RAIR register, subsequent multiple 20 bits of
error-corrected message codewords are also stored in RMIR registers.

12.3.4 Battery Saving Generator

This block generates the battery saving signals that minimize the battery
consumption. Figure 12-5 shows the timing of the battery saving signals in
waiting mode and Figure 12-7 shows the timing in receiving mode.

12.3.4.1 BS1
It controls the main RF circuit ON/OFF. If BS1 is high, the power of RF circuit
should be turned ON. If BS1 is low, the power of RF circuit should be turned OFF.
12.3.4.2 BS2

It is used to discharge the capacitor of the RF circuit. It changes to high
simultaneously when BS1 changes to high and then changes to low after a certain
time interval. This signal is active high.

12.3.4.3 BS3

It controls the ON/OFF of the PLL circuit. PLL circuit should be turned on before
the RF circuit is turned on. The time which BS3 is activated before BS1 can be set
by the PLL1 and PLLO bit in PDCRL1 register. BS3 goes low when BS1 goes low.

PLL1 PLLO BS3 activate time before BS1
0 0 0 ms
0 1 9.76 ms
1 0 33.3ms
1 1 62.5 ms
MOTOROLA P-DECODER MC68HCO5PD6
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12.3.5 Mode Generator

There are four kinds of operating modes in the P-Decoder as shown in
Figure 12-4: programming, waiting, preamble and receiving mode.

Preamble

Programming pr_det=1

Receiving

Figure 12-4. Mode Transition Diagram

12.3.6 Programming Mode

The P-Decoder is in programming mode when the PROGC bit in the PDCR1 is
not set. PDCR1, PDCR2 and the six user address registers should be defined
before the PROGC bit is set. After PROGC is set, the P-Decoder enter the waiting
mode and the contents of PDCR1, PDCR2 and the six user address registers can
no longer be modified until PROGC bit is cleared again.

12.3.7 Waiting Mode

The operating mode changes to waiting mode from preamble mode after the
PROGC bit is set. In the waiting mode, the three battery saving signals toggle
periodically. Figure 12-5 shows the timing relationship. When BS1 = 1 and BS2 =
0, the P-Decoder synchronizes the incoming data from RF circuit to the rising
edge of bit clock and checks 6 bits of the preamble pattern. If there is a preamble
pattern, it will enter the preamble mode. Otherwise, it will stay in the waiting mode.

After the operating mode changes from the receiving mode to the waiting mode,
the P-Decoder will synchronize to the position of the Synchronization Code (SC).
Within ty, interval, it receives 32 bits of data to check whether it is the SC. If it is
the SC, it will enter the receiving mode again. Otherwise, it will stay in the waiting
mode.

MC68HCO5PD6 P-DECODER MOTOROLA
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tbsp

_A.
A

BS1
« B0y - -
; | thsp ;
BS2 —| _I
4> fozo |
< fosp >
BS3 :
P thap -
Figure 12-5. Battery Saving Signals In Waiting Mode
Table 12-1. Timing Of Battery Saving Signhals
Characteristic Typ (ms)
512 bps 1062.5
thsp 1200 bps 453.3
2400 bps 226.6
512 bps 80.08
thio 1200 bps 425
2400 bps 26.6
512 bps 17.58
th2o 1200 bps 15.83
2400 bps 13.3
PLL=00 0
th3p PLL=01 9.76
PLL=10 33.3
PLL=11 62.5
NOTE
PLL = 11 is valid only in HCO5PD6 device. Writing 11 to PLL should
be avoided when using a HC705PD6 device.
MOTOROLA P-DECODER MC68HCO5PD6
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12.3.7.1 Preamble Mode

After receiving the preamble pattern, it enters preamble mode and continues to
check the following 544 bits of data. If there is an SC inside the 544-bit time frame,
it will change to the receiving mode. Otherwise, it will change to the waiting mode.
The BS1 and BS3 signals hold at ‘1’ and the BS2 signal holds at ‘0’ for the whole
preamble mode duration.

12.3.7.2 Receiving Mode

The receiving mode starts with the frame 0 when the SC is detected in the
preamble mode. The battery saving signals, BS1, BS2 and BS3, will be changed
according to DS1-DS0, FA2-FAO, FB2-FBO, PLL1-PLLO of the P-Decoder Control
Registers. The 32 bits of data in the self-frame number will be received and
compared to the six user addresses stored in ADRA-ADREF If the 1st 32 bits of
received data is not the same as one of the six addresses, the 2nd 32 bits of
received data in the same frame will also be compared. If it does not match, the
battery saving signals will hold at ‘0’. If the 1st or the 2nd codeword does match,
the DBF flag in the PDSR register is set. After the address information and 2
function bits are stored in the RAIR register, ADRF flag in PDSR register will be
set. The P-Decoder will keep BS1 = ‘1, BS2 = ‘0’, BS3 = ‘1’ to receive the
message data. When 20 bits of message data are stored in the RMIR registers,
the MSGF flag is set. The receiving of message data will be terminated when it
meets other address codeword or the idle codeword and the DCF flag in PDSR
register will be set. In the receiving mode, it continues to detect the SC. If it does
not detect the SC, the SCF flag in PDSR will be cleared. If the SC is absent
consecutively for 2 times, the operating mode will be changed to the waiting
mode. The SCF flag in PDSR register will be set when the SC is detected and
cleared when the SC is not detected. The ERRF flag in PDSR shows the validity
of the 20-bit message data. In most situation, if ERRF =‘0’, there is 2 or less than
2 bits error and the data in the RMIR register is valid. If ERRF =*1’, there is more
than 2 bits error and the data in the RMIR register is invalid. Message codewords
following this error codeword will be ignored. Figure 12-6 and Figure 12-7 show
the timing of signals in the receiving mode.

12.3.8 Frame State Generator

In each batch, there are one SC and sixteen codewords. State 16 is assigned to
SC, state 0 is assigned to the 1st codeword and state 15 is assigned to the 16th
codeword sequentially. It provides the information to generate the battery saving
signals.

12.3.9 Preamble and Synchronization Codeword Detector

It is used to detect the preamble pattern and synchronization codeword.

MC68HCO5PD6 P-DECODER MOTOROLA
REV 1.1 12-9
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There are several registers associated with the P-Decoder as described below.

12.4.1 P-Decoder Control Register 1 (PDCR1)

MOTOROLA

option 7 6 5 4 3 2 1 0
map R 0 0
PDCR1 | | ppen PROGC DCIE DBIE MSGIE ADRIE
$0011 |w
reset [ 0 0 0 0 0 0 0 0

PDEN — P-Decoder Enable
If the PDEN bit is set, the P-Decoder module is enabled, If PDEN is cleared,
the module is reset and disabled.

PROGC - Programming Completed
If the PROGC bit is set, the P-Decoder system is enabled. This bit must be
CLEARed before the 6 user addresses and bits in PDCR2 and PDCR3 have
been set. Once PROGC is set, user cannot change the data contents in
PDCR2, PDCR3 and the 6 user address registers.

DCIE — Data Received Complete Interrupt Enable
When the DCIE is set, interrupt occurs when all the data is received completely
provided the DCF in the status register is set and the I-bit in the Condition Code
Register is cleared. If DCIE is cleared, this interrupt is disabled.

DBIE — Data Receiving Begin Interrupt Enable
When the DBIE is set, interrupt occurs when it begins to receive data into the
address and message registers provided the DBF in the status register is set
and the [-bit in the Condition Code Register is cleared. If DBIE is cleared, this
interrupt is disabled.

MSGIE — Message Received Interrupt Enable
When the MSGIE is set, interrupt occurs when 20 bits of message has been
stored in the Received Message Information Registers provided the MSGF in
the status register is set and the I-bit in the Condition Code Register is cleared.
If MSGIE is cleared, this interrupt is disabled.

ADRIE — Address Received Interrupt Enable
When the ADRIE is set, interrupt occurs when 3 bits of address and 2 function
bits has been stored in the Received Address Information Register provided
the ADRF in the status register is set and the I-bit in the Condition Code
Register is cleared. If ADRIE is cleared, this interrupt is disabled.

P-DECODER MC68HCO5PD6
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12.4.2 P-Decoder Control Register 2 (PDCR2)

Optlon 7 6 5 4 3 2 1 0
map R 0 0 0 0 0
PDCR2 FB2 FB1 FBO
$0012 |w
reset [ 0 0 0 0 0 0 0 0

FB specify the frame number that the 6 user defined addresses belong to.

Table 12-2. Frame Number Definition

FA /FB Frame number
000 0
001
010
011
100
101
110
111

N[O~ W[N] PP

12.4.3 P-decoder Control Register 3 (PDCR3)

option 7 6 5 4 3 2 1 0
map R
PDCR3 || pL1 PLLO DS1 DSO DPOL FA2 FAL FAO
$0013 |w
reset O 0 0 0 0 0 0 0 0
PLL1, PLLO

These 2 bits decide the time that BS3 goes high before BS1. When the data
speed is configured to 512 bps or 1200 bps, BS3 timing looks like the table
shown in Table 12-1. When the data speed is configured to 2400 bps, BS3
timing is shown in the following table.

MC68HCO5PD6 P-DECODER MOTOROLA
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PLL1 PLLO PLL Time
0 0 0.42 ms
0 1 10.17 ms
1 0 33.81 ms
1 1 62.96 ms

NOTE

PLL1,0 = 11 is valid only in HCO5PD6. Writing 11 to PLL should be
avoided when using a HC705PD6 device.

DS1, DSO
These two bits set the data speed of the incoming data.

DS1 DSO Data Speed
0 0 512 bps
0 1 1200 bps
1 0 2400 bps
1 1 512 bps

DPOL
This bit defines the polarity of the incoming data.
0 = positive polarity
1 = negative polarity

FAO, FA1, FA2

These specify the frame number that the 6 user defined addresses belong to.
Refer to Table 12-2 for detailed description.

12.4.4 P-Decoder Status Register (PDSR)

Optlon 7 6 5 4 3 2 1 0
map R 0 0 ERRF SCF
PDSR DCF DBF MSGF ADRF
$0010 |w
reset O 0 0 0 0 0 0 0 0
MOTOROLA P-DECODER MC68HCO5PD6
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ERRF — Error Flag

In most situation, when ERRF= 0, it indicates that there is 2 or less than 2 bits
error in the received message codeword and correction has been done. But in
some cases, ERRF= 0 even there is more than 2 bits error.

When ERRF= 1, it indicates that there is more than 2 bits error in the received
message codeword and the data in the Received Message Information
Registers are invalid. The P-Decoder will then stop receiving the codewords
following this error codeword.

SCF - Synchronization Code Detection Flag
When the P-Decoder cannot detect the synchronization code, SCF is cleared.
Otherwise, SCF is set.

DCF — Data Received Complete Flag
This flag is set when all the data is completely received. After serving this
interrupt, it is the user’s responsibility to clear this bit, otherwise the CPU will
keep on serving this interrupt.

DBF — Data Receiving Begin Flag
This flag is set when the P-Decoder begins to receive data into the address and
message registers. After serving this interrupt, it is the user’s responsibility to
clear this bit, otherwise the CPU will keep on serving this interrupt.

MSGF — Message Received Flag
This flag is set when 20 bits of message has been stored in the Received
Message Information Registers. After serving this interrupt, it is the user’s
responsibility to clear this bit, otherwise the CPU will keep on serving this
interrupt.

ADRF
This flag is set when 3 bits of address and 2 function bits have been stored in
the Received Address Information Register. After serving this interrupt, it is the
user’s responsibility to clear this bit, otherwise the CPU will keep on serving this
interrupt.

12.4.5 User Address Registers

There are six user addresses and two self-frames for receiving public services.
Each of these six addresses has 18 bits and 1 frame selection bit to select
whether FA or FB in PDCR1 are used. The six user addresses are A0-Al7,
B0-B17, C0-C17, DO-D17, EO-E17 and FO-F17 respectively from $14-$25.

MC68HCO5PD6 P-DECODER MOTOROLA
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option 7 6 5 4 3 2 1 0
map R
ADRAO | | a7 A6 A5 Al A3 A2 Al AO
$0014 |w
reset O 0 0 0 0 0 0 0 0
map g
ADRA1 || 15 Al4 A13 A12 A1l A10 A9 A8
$0015 |w
reset [J 0 0 0 0 0 0 0 0
option ’ 6 5 4 3 2 1 0
map g 0 0 0 0 0
ADRA2 | arns AL7 A16
$0016 |w
reset [ 0 0 0 0 0 0 0 0

A17-A0 is the 18-bit user defined address.

AFNS
0 = The value in FA is assigned to address A. User address, A17-A0, is
compared to the frame number specified in FA of the incoming data.
1= Thevaluesin FB is assigned to address A. User address, A17-A0, is
compared to the frame numbers specified in FB of the incoming
data.

NOTE

If less than 6 user addresses are used, say only 3 user addresses
are used, the 3 unused addresses must be written with the same
values as any of the addresses used. For example, if address A =
000008, B = 801AA3, D = 016913, then address C, E, F should be
written to 000008, 016913 and 016913 respectively or both written
to 000008 or etc...

MOTOROLA P-DECODER MC68HCO5PD6
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12.4.6 Received Address Information Register (RAIR)

option 7 6 5 4 3 2 1 0
map g 0 0 F1 FO 0 RA2 RAL RAO
RAIR
$0026 |w

reset [ 0 0 0 0 0 0 0 0
F1, FO

These two bits store the data of the function bits.

F1 FO Function
0 0 A
0 1 B
1 0 C
1 1 D
RA2-RA0
These three bits show which one of the six user address matches the incoming
address.

12.4.7 Received Message Information Registers (RMIRX)

map R RMI7 RMI6 RMI5 RMI4 RMI3 RMI2 RMI1 RMIO
RMIRO
$0027 |w
reset O 0 0 0 0 0 0 0 0
map R RMI15 RMI14 RMI13 RMI12 RMI11 RMI10 RMI9 RMI8
RMIR1
$0028 |w
reset O 0 0 0 0 0 0 0 0
MC68HCO5PD6 P-DECODER MOTOROLA
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Optlon 7 6 5 4 3 2 1 0

map |r 0 0 0 0 RMI19 RMI18 RMI17 RMI16

RMIR2

$0029 |w
reset OJ 0 0 0 0 0 0 0 0
These three registers store the 20 bits of message received.

MOTOROLA P-DECODER MC68HCO5PD6
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SECTION 13
INSTRUCTION SET

This section describes the addressing modes and instruction types.

13.1 ADDRESSING MODES

The CPU uses eight addressing modes for flexibility in accessing data. The
addressing modes define the manner in which the CPU finds the data required to
execute an instruction. The eight addressing modes are the following:

Inherent

Immediate

Direct

Extended

Indexed, No Offset
Indexed, 8-Bit Offset
Indexed, 16-Bit Offset
Relative

13.1.1 Inherent

Inherent instructions are those that have no operand, such as return from interrupt
(RTI) and stop (STOP). Some of the inherent instructions act on data in the CPU
registers, such as set carry flag (SEC) and increment accumulator (INCA).
Inherent instructions require no memory address and are one byte long.

13.1.2 Immediate

Immediate instructions are those that contain a value to be used in an operation
with the value in the accumulator or index register. Immediate instructions require
no memory address and are two bytes long. The opcode is the first byte, and the
immediate data value is the second byte.

MC68HCO5PD6
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13.1.3 Direct

Direct instructions can access any of the first 256 memory addresses with two
bytes. The first byte is the opcode, and the second is the low byte of the operand
address. In direct addressing, the CPU automatically uses $00 as the high byte of
the operand address. BRSET and BRCLR are three-byte instructions that use
direct addressing to access the operand and relative addressing to specify a
branch destination.

13.1.4 Extended

Extended instructions use only three bytes to access any address in memory. The
first byte is the opcode; the second and third bytes are the high and low bytes of
the operand address.

When using the Motorola assembler, the programmer does not need to specify
whether an instruction is direct or extended. The assembler automatically selects
the shortest form of the instruction.

13.1.5 Indexed, No Offset

Indexed instructions with no offset are one-byte instructions that can access data
with variable addresses within the first 256 memory locations. The index register
contains the low byte of the conditional address of the operand. The CPU
automatically uses $00 as the high byte, so these instructions can address
locations $0000—$00FF.

Indexed, no offset instructions are often used to move a pointer through a table or
to hold the address of a frequently used RAM or 1/O location.

13.1.6 Indexed, 8-Bit Offset

Indexed, 8-bit offset instructions are two-byte instructions that can access data
with variable addresses within the first 511 memory locations. The CPU adds the
unsigned byte in the index register to the unsigned byte following the opcode. The
sum is the conditional address of the operand. These instructions can access
locations $0000-$01FE.

Indexed 8-bit offset instructions are useful for selecting the kth element in an
n-element table. The table can begin anywhere within the first 256 memory
locations and could extend as far as location 510 ($01FE). The k value is typically
in the index register, and the address of the beginning of the table is in the byte
following the opcode.

MOTOROLA INSTRUCTION SET MC68HCO5PD6
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13.1.7 Indexed, 16-Bit Offset

Indexed, 16-bit offset instructions are three-byte instructions that can access data
with variable addresses at any location in memory. The CPU adds the unsigned
byte in the index register to the two unsigned bytes following the opcode. The sum
is the conditional address of the operand. The first byte after the opcode is the
high byte of the 16-bit offset; the second byte is the low byte of the offset. These
instructions can address any location in memory.

Indexed, 16-bit offset instructions are useful for selecting the kth element in an
n-element table anywhere in memory.

As with direct and extended addressing, the Motorola assembler determines the
shortest form of indexed addressing.

13.1.8 Relative

Relative addressing is only for branch instructions. If the branch condition is true,
the CPU finds the conditional branch destination by adding the signed byte
following the opcode to the contents of the program counter. If the branch
condition is not true, the CPU goes to the next instruction. The offset is a signed,
two’s complement byte that gives a branching range of —128 to +127 bytes from
the address of the next location after the branch instruction.

When using the Motorola assembler, the programmer does not need to calculate
the offset, because the assembler determines the proper offset and verifies that it
is within the span of the branch.

13.1.9 Instruction Types

The MCU instructions fall into the following five categories:
* Register/Memory Instructions
* Read-Modify-Write Instructions
* Jump/Branch Instructions
* Bit Manipulation Instructions

*  Control Instructions

MC68HCO5PD6 INSTRUCTION SET MOTOROLA
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13.1.10 Register/Memory Instructions

Most of these instructions use two operands. One operand is in either the
accumulator or the index register. The CPU finds the other operand in memory.
Table 13-1 lists the register/memory instructions.

MOTOROLA
13-4

Table 13-1. Register/Memory Instructions

Instruction Mnemonic
Add Memory Byte and Carry Bit to Accumulator ADC
Add Memory Byte to Accumulator ADD
AND Memory Byte with Accumulator AND
Bit Test Accumulator BIT
Compare Accumulator CMP
Compare Index Register with Memory Byte CPX
EXCLUSIVE OR Accumulator with Memory Byte EOR
Load Accumulator with Memory Byte LDA
Load Index Register with Memory Byte LDX
Multiply MUL
OR Accumulator with Memory Byte ORA
Subtract Memory Byte and Carry Bit from Accumulator SBC
Store Accumulator in Memory STA
Store Index Register in Memory STX
Subtract Memory Byte from Accumulator SUB

INSTRUCTION SET

MC68HCO5PD6
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13.1.11 Read-Modify-Write Instructions

These instructions read a memory location or a register, modify its contents, and
write the modified value back to the memory location or to the register. The test for
negative or zero instruction (TST) is an exception to the read-modify-write
sequence because it does not write a replacement value. Table 13-2 lists the
read-modify-write instructions.

Table 13-2. Read-Modify-Write Instructions

Instruction Mnemonic
Arithmetic Shift Left ASL
Arithmetic Shift Right ASR
Clear Bit in Memory BCLR
Set Bit in Memory BSET
Clear CLR
Complement (One’s Complement) COM
Decrement DEC
Increment INC
Logical Shift Left LSL
Logical Shift Right LSR
Negate (Two’s Complement) NEG
Rotate Left through Carry Bit ROL
Rotate Right through Carry Bit ROR
Test for Negative or Zero TST

13.1.12 Jump/Branch Instructions

Jump instructions allow the CPU to interrupt the normal sequence of the program
counter. The unconditional jump instruction (JMP) and the jump to subroutine
instruction (JSR) have no register operand. Branch instructions allow the CPU to
interrupt the normal sequence of the program counter when a test condition is
met. If the test condition is not met, the branch is not performed. All branch
instructions use relative addressing.

Bit test and branch instructions cause a branch based on the state of any
readable bit in the first 256 memory locations. These three-byte instructions use a
combination of direct addressing and relative addressing. The direct address of
the byte to be tested is in the byte following the opcode. The third byte is the
signed offset byte. The CPU finds the conditional branch destination by adding the

MC68HCO5PD6 INSTRUCTION SET MOTOROLA
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third byte to the program counter if the specified bit tests true. The bit to be tested
and its condition (set or clear) is part of the opcode. The span of branching is from
—128 to +127 from the address of the next location after the branch instruction.
The CPU also transfers the tested bit to the carry/borrow bit of the condition code
register. Table 13-3 lists the jump and branch instructions.

Table 13-3. Jump and Branch Instructions

Instruction Mnemonic
Branch if Carry Bit Clear BCC
Branch if Carry Bit Set BCS
Branch if Equal BEQ
Branch if Half-Carry Bit Clear BHCC
Branch if Half-Carry Bit Set BHCS
Branch if Higher BHI
Branch if Higher or Same BHS
Branch if IRQ Pin High BIH
Branch if IRQ Pin Low BIL
Branch if Lower BLO
Branch if Lower or Same BLS
Branch if Interrupt Mask Clear BMC
Branch if Minus BMI
Branch if Interrupt Mask Set BMS
Branch if Not Equal BNE
Branch if Plus BPL
Branch Always BRA
Branch if Bit Clear BRCLR
Branch Never BRN
Branch if Bit Set BRSET
Branch to Subroutine BSR
Unconditional Jump JMP
Jump to Subroutine JSR
MOTOROLA INSTRUCTION SET MC68HCO5PD6
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13.1.13 Bit Manipulation Instructions

The CPU can set or clear any writable bit in the first 256 bytes of memory. Port
registers, port data direction registers, timer registers, and on-chip RAM locations
are in the first 256 bytes of memory. The CPU can also test and branch based on
the state of any bit in any of the first 256 memory locations. Bit manipulation

instructions use direct addressing. Table 13-4 lists these instructions.

Table 13-4. Bit Manipulation Instructions

Instruction Mnemonic
Clear Bit BCLR
Branch if Bit Clear BRCLR
Branch if Bit Set BRSET
Set Bit BSET

13.1.14 Control Instructions

These register reference instructions control CPU operation during program
execution. Control instructions, listed in Table 13-5, use inherent addressing.

MC68HCO5PD6
REV 1.1

Table 13-5. Control Instructions

Instruction Mnemonic
Clear Carry Bit CLC
Clear Interrupt Mask CLI
No Operation NOP
Reset Stack Pointer RSP
Return from Interrupt RTI
Return from Subroutine RTS
Set Carry Bit SEC
Set Interrupt Mask SEI
Stop Oscillator and Enable IRQ Pin STOP
Software Interrupt SWI
Transfer Accumulator to Index Register TAX
Transfer Index Register to Accumulator TXA
Stop CPU Clock and Enable Interrupts WAIT

INSTRUCTION SET
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13.1.15 Instruction Set Summary

Table 13-6 is an alphabetical list of all M6BHCO5 instructions and shows the effect
of each instruction on the condition code register.

Table 13-6. Instruction Set Summary

Effect on a o| T n

(] © c )

Source Operation Description CCR 2 3|8 SIS

Form 2Bs |a|l & | >

Hi I [N|Z|C < O| O O

ADC #opr IMM  |A9| i 2

ADC opr DIR (B9| dd 3

ADC opr . EXT |C9|hhll| 4

ADC opr-X Add with Carry A < (A)+(M)+(C) Ol—[0]0]0 x2 |D9leet| 5

ADC opr,X IX1 E9| ff 4

ADC X IX F9 3

ADD #opr IMM  |AB| ii 2

ADD opr DIR |BB| dd 3

ADD opr . EXT |CB|hhll| 4

ADD 0pr.X Add without Carry A« (A)+ (M) Ol—[00]90 x2 |pBleeff| 5

ADD opr,X IX1 |EB| ff 4

ADD ,X IX FB 3

AND #opr IMM  |A4] i 2

AND opr DIR (B4| dd 3

AND opr . EXT |C4|hhll| 4

AND opr.X Logical AND A~ (A OWM) —|—| 0|0 |— IX2 Daleeff| 5

AND opr,X IX1 E4| ff 4

AND ,X IX F4 3

ASL opr DIR |38| dd | 5

ASLA Arithmetic Shift Left = INH 1 48 3

ASLX (Same as LSL) Cle{ [ [ =0 —|—|0¢|¢[¢| INH |58 3

ASL opr,X b7 bo IX1 68| ff 6

ASL ,X IX 78 5

ASR opr DIR (37| dd 5

ASRA - INH |47 3

ASRX Arithmetic Shift Right T -e —|—lo]o|o| INH |57 3

ASR opr,X b7 bo IX1 |67| ff | 6

ASR X IX 7 5

BCC rel Branch if Carry Bit PC « (PC)+2+rel?C=0 |—|—|—|—|—| REL [24] rr | 3

Clear

DIR (b0)|11| dd | 5

DIR (b1){13| dd | 5

DIR (b2)|15| dd | 5

. DIR (b3)|17| dd | 5

BCLR n opr Clear Bit n Mn < 0 —|I= I~ |oIR (b4)| 19| dd 5

DIR (b5)|1B| dd | 5

DIR (b6)|1D| dd | 5

DIR (b7)|1F| dd | 5

Branch if Carry Bit P

BCS rel Set (Same as BLO) PC -« (PC)+2+rel?C=1 —|—|—|—|—| REL [25| rr 3

BEQ rel Branch if Equal PC -« (PC)+2+rel?Z=1 —|—|—|—|—| REL [27| 1r 3
MOTOROLA INSTRUCTION SET MC68HCO5PD6
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Table 13-6. Instruction Set Summary (Continued)

Effect on 0 v | T n
0w o S c o
Source Operation Description CCR 23 18| 8|3
Form Ss |a|l & | >
HIIIN|Z|IC| £ o|lo | ©
BHCC rel Branch if Halt-Carry | oo (pey+ 24 rel2H=0 |—|—|—|—|—| REL |28| | 3
Bit Clear
BHCS rel BranchifHalt-Carry | oo poyio4reroH=1 |—|—|—|—|—| REL [29| rr | 3
Bit Set
BHI rel Branch if Higher PC -« (PC)+2+rel?7C0Z2=0 |—|—|—|—|—| REL |22] rr 3
BHS rel Branchif Higheror | oo (poy+24re/2c=0 |—|—|—|—|—| REL |24| | 3
Same
BIH rel EE;EC" IFIRQ Pin PC — (PC)+2+rel?TRQ=1 |—|—|—|—|—| REL |2F| rr | 3
BIL rel E(;‘:J'Ch IFIRQ Pin PC — (PC)+2+rel?TRQ=0 |—|—|—|—|—| REL [2E| r | 3
BIT #opr IMM |A5| i 2
BIT opr . DIR |B5| dd | 3
Bit Test
BIT opr . EXT |C5|hhll| 4
BIT opr,X l\A/ICeCm”(r;”';tot"eW'th (A) D (M) —I1%1% 7| x2 |Ds|eeti| s
BIT opr,X yBY X1 |E5| ff | 4
BIT ,X IX F5| p 3
BLO rel Branch if Lower PC - (PC)+2+rel?C=1 |—|—|—|—|—| REL [25] r | 3
(Same as BCS) - e
BLS rel Branchif Loweror | oo (pey+ 24 rel2Cc0z=1 |—|—|—|—|—| REL |23| n | 3
Same
BMC rel Branch if Interrupt PC « (PC)+2+rel?1=0 |—|—|—|—|—| REL |2c| rr | 3
Mask Clear
BMI rel Branch if Minus PC - (PC)+2+rel?N=1 |—|—|—|—|—| REL [2B]| rr 3
BMS rel Branch if Interrupt PC . (PC)+2+rel?21=1 |—|—|—|—|—| REL |2D| w | 3
Mask Set
BNE rel Branch if Not Equal PC - (PC)+2+rel?Z=0 —|—|—|—|—| REL [26]| rr 3
BPL rel Branch if Plus PC -« (PC)+2+rel?N=0 |—|—|—|—|—| REL [|2A]| 1r 3
BRA rel Branch Always PC -« (PC)+2+rel?1=1 —|—|—|—|—| REL [20| rr 3
DIR (b0)| 01 |dd rr| 5
DIR (b1)(03 |ddrr| 5
DIR (b2)| 05 |dd rr| 5
. DIR (b3)| 07 |dd rr| 5
P ? = | ——
BRCLR n opr rel|Branch if bit n clear PC -« (PC)+2+rel?Mn=0 Y DIR (b4)| 09 |dd rr| 5
DIR (b5)|0B |dd rr| 5
DIR (b6)|OD|dd rr| 5
DIR (b7)| OF |dd rr| 5
DIR (b0)| 00 |dd rr| 5
DIR (b1)|02|ddrr| 5
DIR (b2)|04 |dd rr| 5
. DIR (b3)| 06 |dd rr| 5
- 2 Mn = ==
BRSET n opr rel|Branch if Bit n Set PC - (PC)+2+rel?Mn=1 o DIR (b4)| 08 |dd rr| 5
DIR (b5)|OA |dd rr| 5
DIR (b6)(0C|ddrr| 5
DIR (b7)|OE |ddrr| 5
BRN rel Branch Never PC - (PC)+2+rel?1=0 —|—|—|—|—| REL [21]| 1r 3
MC68HCO5PD6 INSTRUCTION SET MOTOROLA
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Table 13-6. Instruction Set Summary (Continued)

Effect on 0 v | T 0
0w o S c o
Source Operation Description CCR 23 18| 8|3
Form Ss |a|l & | >
IIN|z|Cc| 2 ol &9
DIR (b0)|10| dd | 5
DIR (b1)|12| dd | 5
DIR (b2)|14| dd | 5
. DIR (b3)| 16| dd | 5
BSET n opr Set Bitn Mn « 1 7|~ |~ |DIR (b4)| 18| dd 5
DIR (b5)|1A| dd | 5
DIR (b6)|1C| dd | 5
DIR (b7)|1E| dd | 5
PC ~ (PC) + 2; push (PCL)
Branch to SP « (SP) - 1; push (PCH) .
BSR rel Subroutine SP - (SP)-1 REL |AD| 6
PC ~ (PC) + rel
CLC Clear Carry Bit C-0 —|—|— INH |98 2
CLI Clear Interrupt Mask -0 0|—|— INH [9A 2
CLR opr M « $00 DIR |3F| dd | 5
CLRA A « $00 INH |4F 3
CLRX Clear Byte X « $00 —|0]|1 INH |[5F 3
CLR opr,X M < $00 IX1 |6F| ff | 6
CLR X M < $00 IX |7F 5
CMP #opr IMM  [AL| i 2
CMP opr Compare DIR [Bl| dd | 3
CMP opr . EXT |Cil|hhll| 4
CMP opr,X l\A/ICeCm”(r;”'gtot"eW'th ) - M) —|°° X2 |Dileeff| 5
CMP opr,X yBY X1 |EL| ff | 4
CMP X IX |F1 3
COM opr M « (M) = $FF — (M) DIR |33| dd | 5
COMA A — (A) = $FF - (M) INH |43 3
COMX %,:?fsle&?:t Er’rt]zm) X < (X) = $FF — (M) —lolo INH |53 3
COM opr,X P M < (M) = $FF — (M) X1 |63| ff | 6
COM ,X M < (M) = $FF — (M) IX |73 5
CPX #opr IMM  [A3] i 2
CPX opr Compare Index DIR [B3| dd | 3
CPX opr Register with () - (M) —lo|o|1| BXT G300l 4
CPX opr.X Me?nor Bute X2 |D3|eeff| 5
CPX opr,X yBy X1 |E3| ff | 4
CPX X IX |F3 3
DEC opr M- (M-1 DIR [3A| dd | 5
DECA Ac-A)-1 INH |4A 3
DECX Decrement Byte XeX)-1 —| 00 INH |[5A 3
DEC opr,X Mo (M-1 IX1 |6A| ff | 6
DEC ,X Mo (M-1 IX |7A 5
EOR #opr IMM  |A8] i 2
EOR opr EXCLUSIVE OR DIR |B8| dd | 3
EOR opr Accumulator with A~ (A OM) —| 0|0 EXT |C8|hnll) 4
EOR opr,X Memorv Byte - IX2 |D8|eeff| 5
EOR opr,X yBY X1 |E8| ff | 4
EOR ,X IX |F8 3
MOTOROLA INSTRUCTION SET MC68HCO5PD6
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Table 13-6. Instruction Set Summary (Continued)

Effect on 0 v | T n
0w o S c o
Source Operation Description CCR 23 18| 8|3
Form Ss |a|l & | >
HIIIN|Z|IC| £ o|lo | ©
INC opr M (M)+1 DIR (3C| dd 5
INCA A< (A+1 INH |4C 3
INCX Increment Byte XeX)+1 —|—|¢|0|—| INH [5C 3
INC opr,X M (M)+1 IX1 |6C| ff | 6
INC ,X M < (M)+1 IX |7C 5
JMP opr DIR (BC| dd 2
JMP opr EXT |CC|hhll| 3
JMP opr, X Unconditional Jump PC « Jump Address —|—|—|—|—| IX2 |DC|eeff| 4
JMP opr, X IX1 |EC| ff 3
JMP X IX FC 2
JSR opr PC . (PC) +n(n=1, 2, or3) DIR |BD| dd | 5
JSR opr . EXT |CD|hhll| 6
. Push (PCL); SP — (SP) -1
JSR opr, X Jump to Subroutine i —|—|—|—|—] X2 |DD|eeff| 7
Push (PCH); SP — (SP) -1
ISR oprX PC ~ Conditional Address X1 ED| ff 6
JSR X - IX |FD 5
LDA #opr IMM |A6]| ii 2
LDA opr DIR |B6| dd | 3
LDA opr Load Accumulator A~ (M) —l—lolol— EXT |C6|hhll| 4
LDA opr,X with Memory Byte - IX2 |D6|eeff| 5
LDA opr,X IX1 E6| ff 4
LDA X IX F6 3
LDX #opr IMM  |AE]| ii 2
LDX opr DIR |[BE| dd 3
LDX opr Load Index Register X (M) —l—lolol— EXT |CE|hhll| 4
LDX opr,X with Memory Byte - IX2 |DE|eeff| 5
LDX opr,X IX1 |EE| ff 4
LDX ,X IX FE 3
LSL opr DIR |38| dd | 5
LSLA . . -~ INH |48 3
LSLX (ngr'gg' aihfsﬁﬁ C={ITTIITT=0 | —|—|o|o|o| INH |58 3
LSL opr,X b7 bo IX1 |68| ff | 6
LSL ,X IX 78 5
LSR opr DIR (34| dd 5
LSRA — INH |44 3
LSRX Logical Shift Right o[ [TTITTT}*Cc —|—|o|o|¢| INH |54 3
LSR opr,X b7 bo IX1 |64| ff | 6
LSR ,X IX 74 5
MUL Unsigned Multiply XA « (X)x(A) O|—|—|—|O0| INH |42 11
NEG opr M < —(M) = $00 — (M) DIR 30| i | 5
NEGA A < —(A) =$00 — (A) INH |40 3
NEGX ?_'r?:tseggrf lement) X« —(X) = $00 — (X) —|—lolo|o| INH |50 3
NEG opr,X P M « —(M) = $00 — (M) X1 |60| f | 6
NEG ,X M < —(M) = $00 — (M) IX |70 5
NOP No Operation —|—|—|—|—| INH [9D 2
MC68HCO5PD6 INSTRUCTION SET MOTOROLA
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Table 13-6. Instruction Set Summary (Continued)

Effect on 0 v | T 0
0w o S c o
Source Operation Description CCR 23 18| 8|3
Form Ss |a|l & | >
HI1[N[z|c| 22 |8 &§|O
ORA #opr MM [AAl i | 2
ORA opr . DIR |BA| dd 3
Logical OR
ORA opr . EXT |CA|hhll| 4
ORA opr.X I\A/I(;cmu(r;ulator with A~ (A OWM) —[— 0|0 |— X2 |DAleeff| 5
ORA opr,X y X1 |EA| ff | 4
ORA X IX |FA 3
ROL opr DIR |39] dd | 5
ROLA INH |49 3
ROLX E}?;itethﬁrLe;t Lge e —|—|o]olo| INH |59 3
ROL opr,X 9 y b7 bo X1 |69| ff | 6
ROL X IX |79 5
ROR opr DIR |36] dd | 5
RORA . INH |46 3
RORX t'f}?;itehBé’;R'gRt et | ololo| e |6 3
ROR opr,X g y b7 bo X1 |66| ff | 6
ROR ,X IX |76 5
RSP Reset Stack Pointer SP ~ $00FF —|—|—|—|—] INH |9C 2

SP — (SP) + 1; Pull (CCR)
SP — (SP) + 1; Pull (A)
RTI Return from Interrupt SP ~ (SP) + 1; Pull (X) O10[0[0]|¢| INH |80 6
SP ~ (SP) + 1; Pull (PCH)
SP « (SP) + 1, Pull (PCL)

Return from SP — (SP) + 1; Pull (PCH)

RTS Subroutine SP . (SP) + 1; Pull (PCL) INH

SBC #opr IMM  |A2]| i 2
SBC opr DIR (B2| dd 3

Subtract Memory
SBC opr . EXT |C2|hhll| 4
SBC opr,X f'fﬁ,’trﬁ Zr;‘iu(ﬁl:gtz't A= A-MM-(©) —I71%1°1°] x2 |p2|eeft| 5
SBC opr,X IX1 E2| ff 4
SBC X IX F2 3
SEC Set Carry Bit C-1 —|——]—]1 INH |99 2
SEI Set Interrupt Mask l -1 —|1|—|—|—| INH [9B 2
STA opr DIR (B7| dd 4
STA opr Store Accumulator in EXT jC7 hnll) 5
STA opr,X Memor M « (A) —|—| 0|0 |—| IX2 |[D7|eeff| 6
STA opr,X y X1 |E7| ff | 5
STA X IX F7 4
Stop Oscillator and

STOP Enable RO Pin —| 0 |—|—|—| INH [8E 2
STX opr DIR |[BF| dd 4
STX opr Store Index EXT |CF|hhll| 5
STX opr,X Redister In Memor M < (X) —|—]0|0|—| IX2 |DF|eeff| 6
STX opr,X 9 y X1 |EF| # | 5
STX X IX FF 4
MOTOROLA INSTRUCTION SET MC68HCO5PD6
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Table 13-6. Instruction Set Summary (Continued)

GENERAL RELEASE SPECIFICATION

Effect on 9 v | T n
Source . - 23 |8 & |0
Operation Description CCR =3 |8 5|0
Form Ss |a|l & | >
H{IIN|Z|C| o|&§ |6
SUB #opr IMM  |AO| i 2
SUB opr DIR (BO| dd 3
SUB opr Supact Memory A - llslolol EXT [coltnu| 4
SUB opr, X Aztcumulator - IX2 |DO|eeff| 5
SUB opr, X IX1 EO| ff 4
SUB ,X IX FO 3
PC < (PC) + 1; Push (PCL)
SP — (SP) - 1; Push (PCH)
SP — (SP) - 1; Push (X)
SP ~ (SP) -1, Push (A)
SWI Software Interrupt SP . (SP)—1; Push (CCR) |~ 1[—|—|—| INH |83 10
SP « (SP)-1;1 ~ 1
PCH < Interrupt Vector High Byte
PCL ~ Interrupt Vector Low Byte
Transfer
TAX Accumulator to X < (A) —|—|—|—|—| INH |97 2
Index Register
TST opr DIR (3D| dd 4
TSTA INH |4D 3
SIS o w-s0 ||| ™ | |
TST oprX 9 X1 |eD| ff | 5
TST X IX 7D 4
Transfer Index
TXA Register to A« (X —|—|—|—|—| INH [9F 2
Accumulator
Stop CPU Clock
WAIT and Enable —| ¢ |—|—|—| INH [8F 2
Interrupts
A Accumulator opr Operand (one or two bytes)
C Carry/borrow flag PC Program counter
CCR  Condition code register PCH Program counter high byte
dd Direct address of operand PCL Program counter low byte
ddrr  Direct address of operand and relative offset of branch instruction REL Relative addressing mode
DIR Direct addressing mode rel Relative program counter offset byte
ee ff High and low bytes of offset in indexed, 16-bit offset addressing r Relative program counter offset byte
EXT Extended addressing mode SP Stack pointer
ff Offset byte in indexed, 8-bit offset addressing X Index register
H Half-carry flag z Zero flag
hh i High and low bytes of operand address in extended addressing # Immediate value
| Interrupt mask O Logical AND
ii Immediate operand byte O Logical OR
IMM Immediate addressing mode O Logical EXCLUSIVE OR
INH Inherent addressing mode ) Contents of
IX Indexed, no offset addressing mode -() Negation (two’s complement)
IX1 Indexed, 8-bit offset addressing mode e Loaded with
1X2 Indexed, 16-bit offset addressing mode ? If
M Memory location : Concatenated with
N Negative flag 1 Set or cleared
n Any bit — Not affected
MC68HCO5PD6 INSTRUCTION SET MOTOROLA
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Table 13-7. Opcode Map

13S NOILONYHLSNI

TTA3d
9ddS0OH89DIN

Bit Manipulation|Branch Read-Modify-Write Control Register/Memory
DIR DIR REL DIR INH INH IX1 IX INH INH IMM DIR EXT 1X2 IX1 IX
MSB MSB
LSB 0 1 2 3 4 5 6 7 8 9 A B C D E F {sE
5 5 3 5 3 3 6 5 9 2 3 4 5 4 3
0 BRSETO | BSETO BRA NEG NEGA NEGX NEG NEG RTI SUB SuB SUB SuB SuB suB 0
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH | 2 IX1|1 IX|1 INH 2 IMM | 2 DIR |3 EXT |3 IX2|2 IX1|1 IX
5 5 3 6 2 3 4 5 4 3
1 BRCLRO | BCLRO BRN RTS CMP CMP CMP CMP CMP CMP 1
3 DIR |2 DIR|2 REL 1 INH 2 IMM | 2 DIR|3 EXT |3 IX2 |2 IX1|1 IX
5 5 3 11 2 3 4 5 4 3
2 BRSET1 | BSET1 BHI MUL SBC SBC SBC SBC SBC SBC 2
3 DIR |2 DIR |2 REL 1 INH 2 IMM | 2 DIR |3 EXT |3 IX2|2 IX1|1 IX
5 5 3 5 3 3 6 5 10 2 3 4 5 4 3
3 BRCLR1 | BCLR1 BLS COM COMA | COMX COM COoM sSwi CPX CPX CPX CPX CPX CPX 3
3 DIR |2 DIR|2 REL |2 DIR |1 INH |1 INH | 2 IX1|1 IX|1 INH 2 IMM | 2 DIR|3 EXT |3 IX2 |2 IX1|1 IX
5 5 3 5 3 3 6 5 2 3 4 5 4 3
4 BRSET2 | BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH | 2 IX1|1 IX 2 IMM | 2 DIR |3 EXT |3 IX2|2 IX1|1 IX
5 5 3 2 3 4 5 4 3
5 BRCLR2 | BCLR2 |BCS/BLO BIT BIT BIT BIT BIT BIT 5
3 DIR |2 DIR|2 REL 2 IMM | 2 DIR|3 EXT |3 IX2 |2 IX1|1 IX
5 5 3 5 3 3 6 5 2 3 4 5 4 3
6 BRSET3 | BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA 6
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH | 2 IX1|1 IX 2 IMM | 2 DIR |3 EXT |3 IX2|2 IX1|1 IX
5 5 3 5 3 3 6 5 2 4 5 6 5 4
7 BRCLR3 | BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
3 DIR |2 DIR|2 REL |2 DIR |1 INH |1 INH | 2 IX1|1 IX 1 INH 2 DIR|3 EXT |3 IX2 |2 IX1|1 IX
5 5 3 5 3 3 6 5 2 2 3 4 5 4 3
8 BRSET4 | BSET4 BHCC | ASL/LSL |ASLALSLA|ASLX/LSLX| ASL/LSL | ASL/LSL CLC EOR EOR EOR EOR EOR EOR 8
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH | 2 IX1|1 IX 1 INH | 2 IMM | 2 DIR |3 EXT |3 IX2|2 IX1|1 IX
5 5 3 5 3 3 6 5 2 2 3 4 5 4 3
9 BRCLR4 | BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
3 DIR |2 DIR|2 REL |2 DIR |1 INH |1 INH | 2 IX1|1 IX 1 INH | 2 IMM | 2 DIR|3 EXT |3 IX2 |2 IX1|1 IX
5 5 3 5 3 3 6 5 2 2 3 4 5 4 3
A BRSET5 | BSET5 BPL DEC DECA DECX DEC DEC CLI ORA ORA ORA ORA ORA ORA A
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH | 2 IX1|1 IX 1 INH |2 IMM | 2 DIR |3 EXT |3 IX2|2 IX1|1 IX
5 5 3 2 2 3 4 5 4 3
B BRCLR5 | BCLR5 BMI SEI ADD ADD ADD ADD ADD ADD B
3 DIR |2 DIR|2 REL 1 INH | 2 IMM | 2 DIR|3 EXT |3 IX2 |2 IX1|1 IX
5 5 3 5 3 3 6 5 2 2 3 4 3 2
C BRSET6 | BSET6 BMC INC INCA INCX INC INC RSP IMP IMP IMP IMP IMP C
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH | 2 IX1|1 IX 1 INH 2 DIR |3 EXT |3 IX2|2 IX1|1 IX
5 5 3 4 3 3 5 4 2 6 5 6 7 6 5
D BRCLR6 | BCLR6 BMS TST TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR D
3 DIR |2 DIR|2 REL |2 DIR |1 INH |1 INH | 2 IX1|1 IX 1 INH | 2 REL |2 DIR|3 EXT |3 IX2 |2 IX1|1 IX
5 5 3 2 2 3 4 5 4 3
E BRSET7 | BSET7 BIL STOP LDX LDX LDX LDX LDX LDX E
3 DIR |2 DIR |2 REL 1 INH 2 IMM | 2 DIR |3 EXT |3 IX2|2 IX1|1 IX
5 5 3 5 3 3 6 5 2 2 4 5 6 5 4
F BRCLR7 | BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX F
3 DIR |2 DIR|2 REL |2 DIR |1 INH |1 INH | 2 IX1|1 IX|1 INH |1 INH 2 DIR|3 EXT |3 IX2 |2 IX1|1 IX
INH = Inherent REL = Relative MSB
. 0 MSB of Opcode in Hexadecimal
IMM = Immediate IX = Indexed, No Offset LSB P
= Di = -Bi 5 |Number of Cycles
DIR = Direct IX1 = Indexed, 8 m;.Ojﬂmmﬁ LSB of Opcode in Hexadecimal 0 BRSETO |Opcode Mnemonic
EXT = Extended IX2 = Indexed, 16-Bit Offset 3 DIR [Number of Bytes/Addressing Mode
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SECTION 14
ELECTRICAL SPECIFICATIONS
14.1 MAXIMUM RATINGS

Table 14-1. Maximum Ratings

(Voltages referenced to Vgs)

Rating Symbol Value Unit

Supply Voltage Vpp -0.3t0 +7.0 V
LCD Supply Voltage VLCD3 -0.3t0+7.0 \%
Input Voltage VN Vgs—0.3to Vpp +0.3 \Y
IRQ1 and IRQ2 Pin VN Vgs—0.3t0 2Vpp +0.3 \Y
Current Drain Per Pin Excluding PB1, PB2, Vpp and Vgg I =25 mA
Operating Temperature Range T toTH

(Standard) Ta Oto +70 °C

(Extended) —40 to +85
Storage Temperature Range Tsto —65 to +150 °C

This device contains circuitry to protect the inputs against damage due to high
static voltages or electric fields; however, it is advised that normal precautions be
taken to avoid application of any voltage higher than maximum-rated voltages to
this high-impedance circuit. For proper operation, it is recommended that V;y and
Vout be constrained to the range Vgg < (V| O Vout) < Vpp. Reliability of
operation is enhanced if unused inputs are connected to an appropriate logic
voltage level (e.g., either Vgg or Vpp).

14.2 THERMAL CHARACTERISTICS

Table 14-2. Thermal Characteristics

Characteristic Symbol Value Unit
Thermal Resistance
80-Pin TQFP 0 ja 100 °C/W
80-Pin QFP 0 ja 120 °C/IW
MC68HCO05PD6 ELECTRICAL SPECIFICATIONS MOTOROLA

REV 1.1 14-1



GENERAL RELEASE SPECIFICATION July 4, 1997

14.3 DC ELECTRICAL CHARACTERISTICS

Table 14-3. DC Electrical Characteristics (5V)

(Vpp =5V £ 10%, Vg5 = 0 Vdc, Tp = 0°C to +70°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Output Voltage VoL — — 0.1 Vv
ILoad =10.0 lJ.A VOH VDD_O'l — —
Output High Voltage (Vpp=5V)
(I_oag =—0.4 mA) All I/O ports VoH Vpp—0.8 — — \Y
Output Low Voltage (Vpp=5V) Vv
(I oag =0-8 MA) Ports A, B, C oL — — 0.4 \Y;
Output Low Voltage (Vpp=5V) Vv
(I oaq = 5-0 MA) Ports D, E, F, G, H oL — — 0.4 \Y;
Input High Voltage
All /O ports, RESET, OSC1, XOSC1 Vi 0-7Vop o Voo v
Input Low Voltage
All /O ports, RESET, OSC1, XOSC1 Vi Vss 0-2Vpp |V
Supply Current (see Notes)
Run (fop=2MHz) 5.5 mA
Wait (fOPZZMHZ) IDD 1.8 mA
Stop
XOSC=76.8kHz, Vpp=5V, To=+25°C 250 HA
I/0 Ports Hi-Z Leakage Current
All I/O ports I — — +10 HA
Input Pulldown Current
Ports A, B, C (with pulldown activated) he 50 70 90 A
Input Current
0OSC1, X0OSsC1 lin — — +1 HA
Capacitance
Ports (as Input or Output) Cout — — 12 pF
RESET, OSC1, OSC2, XOSC1, XOSC2 Cin — — 8 pF
Crystal Oscillator Mode Feedback Resistor
OSC1to OSC2 Ror 15 2.0 3.0 MQ
XOSC1 to XOSC2 RxoE 5.0 6.0 7.0 MQ
Crystal Oscillator Mode Damping Resistor
XOSC1 to XOSC2 Rxop 15 8 3.5 MQ
Reset Pull-up Resistor RRrsT 8 15 25 kQ
MOTOROLA ELECTRICAL SPECIFICATIONS MC68HCO5PD6
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Table 14-4. DC Electrical Characteristics (3.6V)

(Vpp = 3.6V = 10%, Vgg = 0 Vdc, Tp = 0°C to +70°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Output Voltage VoL — — 0.1 Vv
||_0ad =10.0 HA VOH VDD_O'l — —
Output High Voltage (Vpp=5V)
(lLoad =0.4 mA) All 1/O ports VOH VDD_O'S — — Vv
Output Low Voltage (Vpp=5V) Vv
(I oaq =0-8 MA) Ports A, B, C oL — — 0.4 v
Output Low Voltage (Vpp=5V) v
(I pag = 50 MA) Ports D, E, F, G, H oL — — 0.4 Y,
Input High Voltage
All I/O ports, RESET, OSC1, XOSC1 Vin 0.7Vop - Voo v
Input Low Voltage
All I/O ports, RESET, OSC1, XOSC1 Vie Vss — 0.2xVpp \Y
Supply Current (see Notes)
Run (fop=1MHz) 25 mA
Wait (fop=1MHz) Ibp 600 HA
Stop
XOSC=76.8kHz, Vpp=5V, TA=+25°C 250 HA
I/0 Ports Hi-Z Leakage Current
All I/O ports I — — +10 HA
Input Pulldown Current
Ports A, B, C (with pulldown activated) he 50 70 90 A
Input Current
0OSC1, X0OsC1 lin — — +1 HA
Capacitance
Ports (as Input or Output) Cout — — 12 pF
RESET, OSC1, OSC2, XOSC1, XOSC2 Cin — — 8 pF
Crystal Oscillator Mode Feedback Resistor
OSC1to OSC2 Ror 15 2.0 3.0 MQ
XOSC1 to XOSC2 Ryor 5.0 6.0 7.0 MQ
Crystal Oscillator Mode Damping Resistor
XOSC1 to XOSC2 Rxop 15 3 35 M&
Reset Pull-up Resistor RRrst 8 15 25 kQ

NOTES:

1. All values shown reflect average measurements.

2. Typical values at midpoint of voltage range, 25°C only.

3. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source to OSC1 (fogc = 4.2 MHz/2.1MHz), all inputs 0.2
VDC from rail; no DC loads, less than 50pF on all outputs, C; = 20 pF on OSC2.

4. Wait Ipp: All ports configured as inputs, V, =0.2 VDC, V|4 = Vpp—0.2 VDC.

5. Stop Ipp measured with OSC1 = Vgg.

6. Wait Ipp is affected linearly by the OSC2 capacitance.

MC68HCO5PD6 ELECTRICAL SPECIFICATIONS MOTOROLA
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14.4 CONTROL TIMING

Table 14-5. Control Timing (5V)

(Vpp =5V £10%, Vgg = 0 Vdc, Tp = 0°C to +70°C, unless otherwise noted)

Characteristic Symbol Min Max Units

Frequency of Operation

Crystal Oscillator Option fosc — 4.2 MHz

External Clock Source fosc DC 4.2 MHz
Internal Operating Frequency

Crystal Oscillator (fogc + 2) fop — 2.1 MHz

External Clock (fogc + 2) fop DC 2.1 MHz
Cycle Time (1/fop) teye 480 — ns
Crystal Oscillator Start-Up Time (Crystal Oscillator
Optlon) tOXON — 100 ms
OSC Stop Recovery Time (Crystal Oscillator Option) toxsr — 100 ms
RESET Pulse Width Low tRL 1.5 — tCYC
IRQ Interrupt Pulse Width Low (Edge-Triggered) LT 125 — ns
IRQ Interrupt Pulse Period t note 1 — tcye
OSC1 Pulse Width ton: toL 100 — ns

MOTOROLA ELECTRICAL SPECIFICATIONS MC68HCO5PD6
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Table 14-6. Control Timing (3.6V)

(Vpp = 3.6V £10%, Vgg = 0 Vdc, Tp = 0°C to +70°C, unless otherwise noted)

GENERAL RELEASE SPECIFICATION

Characteristic Symbol Min Max Units
Frequency of Operation
Crystal Oscillator Option fosc — 2.0 MHz
External Clock Source fosc DC 2.0 MHz
Internal Operating Frequency
Crystal Oscillator (fogc + 2) fop — 1.0 MHz
External Clock (fogc + 2) fop DC 1.0 MHz
Cycle Time (1/fgp) teve 960 — ns
Crystal Oscillator Start-Up Time (Crystal Oscillator
Optlon) tOXON 200 ms
OSC Stop Recovery Time (Crystal Oscillator Option) toxsr — 200 ms
RESET Pulse Width Low trL 15 — teye
IRQ Interrupt Pulse Width Low (Edge-Triggered) tiLH 250 — ns
IRQ Interrupt Pulse Period tiu note 1 — tcye
OSC1 Pulse Width ton: toL 200 — ns
NOTES:
1. The minimum period t; ;,_ or t;y;y should not be less than the number of cycles it takes to execute the interrupt service routine plus
MC68HCO05PD6 ELECTRICAL SPECIFICATIONS MOTOROLA
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SECTION 15
MECHANICAL SPECIFICATIONS

This section provides the mechanical dimensions for the 80-Pin TQFP and 80-Pin
QFP.

MC68HCO5PD6 MECHANICAL SPECIFICATIONS MOTOROLA
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15.1 80-PIN THIN-QUAD-FLAT-PACKAGE (Case 917-01)

—»I AA
55— IR
A b L 1

A2 VIEW Y — 1T
PIN 1 pai =

IDENT {“OHHHHHHHHHHHHHHHHHHHH61 / f e ]

VIEW Y
3 PLACES

O
L]

le— F —>

I
T

ANARAARAA..

/
\

/— PLATING
A

Bl

Y
Ao N NN
B/2
BASE
L_ D METAL

L SECTION AA-AA
\

T

Ve
HHHHHHH@
M

S S S SN

o~
=

-

80 PLACES
ROTATED 90 °© CLOCKWISE

NOTES:
@ |a | 0.20(0.008) | H | L-M | N | 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: MILLIMETER.
3. DATUM PLANE —H-~ IS COINCIDENT WITH THE
o BOTTOM THE LEAD WHERE THE LEAD EXITS
THE PLASTIC BODY AT THE BOTTOM OF THE

E 8x M VIEW P PARTING LINE.
r _\—_ 4. DATUMS —L-, M~ AND -N- TO BE DETERMINED

AT DATUM PLANE —H-.
J + \\ | DATUM 5. DIMENSIONS S AND V TO BE DETERMINED AT
PLANE SEATING PLANE -T-.
Y J\ J\) 6. DIMENSIONS A AND B DO NOT INCLUDE MOLD
] <__ PROTRUSION. ALLOWABLE PROTRUSION IS
? W (1| 0.10(0.004) 0.250 (0.010) PER SIDE. DIMENSIONS A AND B
— DO INCLUDE MOLD MISMATCH AND ARE
76X G > T G DETERMINED AT DATUM PLANE —H-.
7. DIMENSIONS D DOES NOT INCLUDE DAMBAR
PROTRUSION. THE DAMBAR PROTRUSION
SHALL NOT CAUSE THE D DIMENSION TO

EXCEED 0.350 (0.014).
MILLIMETERS INCHES
DIM[ MIN [ mAX | MIN T MAX

12.000 BSC 0.472 BSC
12.000 BSC 0.472 BSC
— | 1600 | — | 0063

0170 | 0.270 |0.0067 | 0.011

1350 | 1.450 | 0.053 | 0.057

0170 | 0.230 |0.0067 | 0.009
0.500 BSC 0.0197 BSC

0122 | 0.208 [0.0048 [0.0082

R R1 0350 | 0.650 | 0.014 | 0.026

10°] 14°] 10°] 14°
0.250 BSC 0.0098 BSC
14.000 BSC 0551 BSC
14.000 BSC 0551 BSC

DATUM [
PLANE I—, 4 R R2
0.040 [ 0160 | 0.002 [ 0.006

0 2\
- 0.170 REF 0.007 REF
; 0122 [ 0160 [0.0048 [0.0063
Cl|  1.000REF 0.039 REF
VIEW P K R1 | 0.200REF 0.008 REF

Al — |=—

>
[
?i§<w-u§7<x_-o-nmcom>|

fesd
hes

R2 0.200 REF 0.008 REF
01 0° 8° 0° 8°
02 0° 6° 0° 6°

e— C1

Figure 15-1. 80-Pin TQFP Mechanical Dimensions
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15.2 80-PIN QUAD-FLAT-PACKAGE (Case 841B-01)

@) @)
(] (=]
© ® B
o @ 5 P
< < —T
lol— Ed -
= IR = —T A
= Ol= | —
0 o T )
= gig| | |8 \
(== S|s =3
0 | | w I DETAIL A
[ DETAIL A S g a
== A
(= ! & [
-—e5(0 |
80
LREREEREREEEREREEREL P
! < 2
A N
b]0.20 (0.008) @ [c[ AB® [ D ® |
1 [0.05 (0.002)[A-B] L
s J / N
[]0.20(0.008) @ [H[ A-B® [ D ® | i s
e—M L D *J
—E - \/DETAILC [©]0.20 (0.008) @ [c[ AB®[ D ® |
é \ DATUN SECTION B-B
Jd B ! PLANE
/=g E- e e E e
o ~ [>]0.01 (0.004)
SEATING H
PLANE M
ot
G
WILLIMETERS | INCHES
U NOTES: DIM [ MIN | MAX | mIN | MAX
1. DIMENSIONING AND TOLERANCING PER ANSI A 1390 | 1410 | 0547 | 0.555
Y14.5M, 1982, B[ 1390 | 14.10 | 0547 | 0555
2. CONTROLLING DIMENSION: MILLIMETER. C | 215 | 245 | 0084 | 0.0%
3. DATUM PLANE -H- IS LOCATED AT BOTTOM OF D [ 022 [ 038 | 0.009 | 0.015
LEAD AND IS COINCIDENT WITH THE LEAD WHERE E | 200 | 240 | 0079 | 0.094
THE LEAD EXITS THE PLASTIC BODY AT THE F | 022 | 033 | 0009 | 0013
T BOTTOM OF THE PARTING LINE. A 0.65B5C 0.026BSC
4. DATUMS -A-, -B- AND -D- TO BE DETERMINED AT T — Tom = To0i0
DATUM PLANE -H-.
DATUM — J | 043 | 023 | 0,005 | 0.009
PLANE R 5. DIMENSIONS S AND V TO BE DETERMINED AT KT o5 oo o026 005
SEATING PLANE -C-. L | 1235BSC | 0486BSC
6. DIMENSIONS A AND B DO NOT INCLUDE MOLD e 2
PROTRUSION. ALLOWABLE PROTRUSION IS 0.25 [
(0.010) PER SIDE. DIMENSIONS A AND B DO N_[013 | 047 [ 0.005 [ 0007
— INCLUDE MOLD MISMATCH AND ARE DETERMINED P 0.325 BSC 0.013 BSC
AT DATUM PLANE -H-. Q |0 7 0 7
K 7. DIMENSION D DOES NOT INCLUDE DAMBAR R [ 013 | 030 | 0005 | 0.012
W Q PROTRUSION. ALLOWABLE DAMBAR PROTRUSION S | 1695 | 17.45 | 0.667 | 0.687
SHALL BE 0.08 (0.003) TOTAL IN EXCESS OF THE D T (043 | — 0005 —
X DIMENSION AT MAXIMUM MATERIAL CONDITION. U0 | — [0 | —
DAMBAR CANNOT BE LOCATED ON THE LOWER V 1695 | 1745 | 0.667 | 0687 |
DETAIL C RADIUS OR THE FOOT. W [ 035 | 045 | 0.014 | 0.018
X 16 REF 0.06 REF
Figure 15-2. 80-Pin QFP Mechanical Dimensions
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APPENDIX A
MC68HC705PD6

This appendix describes the differences between the MC68HC705PD6 and
MC68HCO5PD6.

A.1 INTRODUCTION
The MC68HC705PD6 is an EPROM version of the MC68HCO5PD6, and is
available for user system evaluation and debugging. The MC68HC705PD6 is
functionally identical to the MC68HCO5PD6 with the exception of the 16400 bytes
user ROM is replaced by 16400 bytes user EPROM. Also, the mask options
available on the MC68HCO5PD6 are implemented using the Mask Option
Register (MOSR) in the MC68HC705PD6.
The MC68HC705PD6 is available in 80-pin Quad-Flat-Package (QFP).
A.2 MEMORY
The MC68HC705PD6 memory map is shown in Figure A-1.
A.3 MASK OPTION REGISTER (MOSR), $000F
The Mask Option Register (MOSR) is a byte of EPROM used to select the
features controlled by mask options on the MC68HCO5PD6.
7 6 5 4 3 2 1 0
R
MOSR | RSTR OSCR XOSCR 0 0 0 0 0
$000F |
Erased O U U U 0 0 0 0 0
Reset [0 Unaffected By Reset
RSTR — RESET pin pull-up resistor
1 = Internal pull-up resistor connected.
0 = Internal pull-up resistor not connected.
MC68HCO05PD6 MOTOROLA
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OSCR — OSC feedback resistor
1 = Internal feedback resistor connected between OSC1 and OSC2.
0 = Internal feedback resistor not connected.

XOSCR — XOSC feedback resistor
1 = Internal feedback resistor connected between XOSC1 and XOSC2.
0 = Internal feedback resistor not connected.

$0000

$003F
$0040

$00CO
$00FF

$023F
$0240

$OFFF
$1000

$4FFF
$5000

$FDFF
$FE0D

$FFDF
$FFEO
$FFEF
$FFFO
$FFFF

110
64 BYTES

63

RAM
512 BYTES

64

191

#sTACK 64 BYTES

192
255

256
575

UNUSED

576

4095

USER EPROM
16K BYTES

4096

20479

UNUSED

20480

65023

BOOTSTRAP ROM

65024

65503

BOOTSTRAP VECTORS

65504
65519

USER VECTORS

65520
65535

A.4 BOOTLOADER MODE

$0000

$003F

DUAL MAPPED
I/O REGISTERS
64 bytes

Figure A-1. MC68HC705PD6 Memory Map

0000

0063

Bootloader mode is entered upon the rising edge of RESET if the Vpp pin is at
V+sT, PC6 at logic one, and PC7 at logic zero. The Bootloader program is masked
in the ROM area from $FEOQO0 to $FFDF. This program handles copying of user
code from an external EPROM into the on-chip EPROM. The bootload function
has to be done from an external EPROM. The bootloader performs one
programming pass at 1ms per byte then does a verify pass.

MOTOROLA
A-2

MC68HCO5PD6
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The user code must be a one-to-one correspondence with the internal EPROM

addresses.
Table A-1. Operating Mode Initialization
MODE RESET PC7/IRQ1 PC6/IRQ2 VPP
Single-Chip (Normal) J Vss to Vpp Vss to Vpp Vss to Vpp
Bootstrap Vsg Vpp Vst

V1st=2 X Vpp

A.5 EPROM PROGRAMMING

Programming the on-chip EPROM is achieved by using the Program Control
Register located at address $3D.

Please contact Motorola for programming board availability.

A.5.1 EPROM Program Control Register (PCR)

This register is provided for programming the on-chip EPROM in the

MC68HC705PD6.
bit-7 bit-6 bit-5 bitd bit-3 bit-2 bitl bit-0
Read
$Zg§D RESERVED ELAT | PGM
Write
Reset 0 0 0 0 0 0 0 0

ELAT — EPROM LATch control
0 = EPROM address and data bus configured for normal reads
1= EPROM address and data bus configured for programming (writes
to EPROM cause address and data to be latched). EPROM is in
programming mode and cannot be read if ELAT is 1. This bit should
not be set when no programming voltage is applied to the V, pin.

PGM — EPROM ProGraM command
0 = Programming power is switched OFF from EPROM array.
1= Programming power is switched ON to EPROM array. If ELAT # 1,
then PGM = 0.

MC68HCO5PD6 MOTOROLA
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A.5.2 Programming Sequence
The EPROM programming sequence is:
1. Setthe ELAT bit
2. Write the data to the address to be programmed
3. Setthe PGM bit
4. Delay for a time tpgmr
5. Clear the PGM bit
6. Clear the ELAT bit

The last two steps must be performed with separate CPU writes.

CAUTION

It is important to remember that an external programming voltage
must be applied to the Vpp pin while programming, but it should be
equal to Vpp during normal operations.

Figure A-2 shows the flow required to successfully program the EPROM.

A.6 EPROM PROGRAMMING SPECIFICATIONS
Table A-2. EPROM Programming Electrical Characteristics

(Vpp =5V £ 10%, Vg5 = 0 Vdc, Tp = 0°C to +70°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

Programming Voltage

IRQ/Vpp Vpp 12,5 — 14.5 Y
Programming Current

IRQ/Vpp lpp mA
Programming Time

per byte tepGgMm — 3 — ms
MOTOROLA MC68HCO5PD6
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( START )

»
>

A\

ELAT=1

A 4

Write EPROM byte

Write
additional
byte?

Figure A-2. EPROM Programming Sequence
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Motorola products for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and
distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney 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.

How to reach us:

MFAX: RMFAXO0@email.sps.mot.com — TOUCHTONE 602-244-6609

INTERNET: http://www.mot-sps.com/csic

USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; P.O. Box 5405, Denver,
Colorado 80217. 303-675-2140 or 1-800-441-2447

JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, 6F Seibu-Butsuryu-Center, 3-14-2 Tatsumi Koto-Ku,
Tokyo 135, Japan. 03-81-3521-8315

ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park, 51 Ting Kok Road,
Tai Po, N.T., Hong Kong. 852-26629298
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