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SECTION 1
INTRODUCTION

The MC68HCO05i8, with on-board M68000 interface module, is designed afp
standard M68HC05 CPU core. The M68000 interface module allows e
between an M68000 family processor {the Host) and an MC68HCO5i8%xk CU) serving as a
peripheral device. The transfer of data is managed via an 8-bit data bysind a set of seven control
and eight data registers. Information is held in the data registers if istage FIFO buffers that can
be accessed by both the M68000 processor and the MC68 her features of the device
include 'a 16-bit programmable timer, a multi-purpose mer, two independent Serial
Communications Interface (SCI) modules.and a Comp rating Properly {(COP) watchdog
timer. The MC68HCO5I8 is available in a 64-pin QFP package.

t*communication

1.1 FEATURES

¢ " Industry standard M68HCO5 coreg#
¢ On-chip oscillator with divid
* 7936 bytes of user RO
* 224 bytes of RAM

or 8 mask option

* Power saving &F nd WAIT modes

pose Core Timer with Computer Operating Praperly (COP) watchdog and Real Time
pt (RTH) '

wo independent, full duplex SCl subsystems each with its.own Baud Rate Generator
programmable to 32 different rates

Receiver wake-up function for use in multi-receiver systems

* Mask option selection for interrupt sensitivity, oscillator division ratio, COP enable/disable and
STOP enable/disable

*  Temperature range: 0 — 70 °c

* . 64-pin Quad Flat Pack {(QFP} package

MCB8HCO5i8 ' INTRODUCTION MOTOROLA
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0SC1 0sC2

Usor Vectors
16 byles
User ROM Ram. | of Osgorand | cop watchdog
7936 Bytes 224 Bytes ! 2, 40r8 - pmd Syst‘em
R REE . . y - ¥
Pori.| Data .
gFF:?H F pir b= U TR,
Reg | Reg
s TR BRSNS . Data
PBO . Accumulato L CPU Dir
PR ~— . N “Contral: . Reg
ggg Port | Data ’ Index- -
o B Dir Register '
Egg Reg | Reg B . : [N
PG -—s |- RSN 1 . Condition Code .- o
PB7. =t~ . Register :
PAQ w—e] o :
PAT: i . woov b . o Stack Pointer,, T
gﬁ - Port | Data -
A Dir : S
PAY, st Reg | Reg . .Program Counter High
PAS. ™" - B PN B .
PAT " Program Counter Low - | .~
Foser! — - % . i R Port “pe— PE3/TX2
‘IRQ6SK! -1 - e [P :

Bir-’| Bl PE4TCMB!
Reg- | Reg e PES/TCAPA .
Fe— PEE/TCAPB

R§4 =™
RS3 >

R —=] M88000 ] I

o Interface PE7/CLK68K
G Module Serl
‘Seria
RWEBK —*1 Core Timer icati
DTACK Interface 1

Do ~—ar
hopa—
D3 ~—]
D4 ——nd
D5 ~—
Dg =
D7 el

External Clock |

‘D2 ~—] -

ptions on, the MC68HC05|8 Wthh are programmed durmg the wafer
a.nd must be specmed on the order form These optlons are hsted below

or _divisi‘on ratio _Selection - 08C/2, OSC/4.or OS:C/S,
enable/disable ‘

STOP instruction enable/disable.
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PA7
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SECTION 2

FUNCTIONAL PIN DESCRIPTION

™
O
a

O

"‘(003\10)01-&-()3?\)—‘.\

(@]

@ p VSS

9 .p 0SsC2
2 1 08t
@ b RESET

~l

S p IRQ

o B vDD
g @p PC7
9 p PCe
g.n PCs
g p PC4

a1
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N
ol
N
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N
[os]

]
(o}

o)
O
a
n
1

@
o

48
47
46
45
44
43
42
41
40
39
38
37
36
3b
34
33

T O g oogoogooooOoaoogTooaoo o

PDO O
PD1

PD6 O &

DO O
D2 g 3
D3 O

PD7 o
D1

D4 O

D5 O

D6 g &
D7 g &

Figure 2-1 Pinout for 64-pin QFP (Quad Flat Pack)

PE7/CLK68K
PE6/TCAPB
PES/TCAPA
PE4/TCMP
PE3/TX2
PE2/RX2
PE1/TX1
PEO/RX1
DTACK
IRQ68K
RS4

RS3

RS2

RS1
RW68K

cs

All signal inputs on the MCB8HC05i8 except RESET and OSC1 are TTL compatible.

MC68HCO5i8

FUNCTIONAL PIN DESCRIPTION
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21 VDD ANDVSS

Power is supplled to the mlcrocomputer V|a these two pins. VDD is the positive supply and VSS
is ground.

tis in the nature of CMOS designs that very fast signal transitions occur on the MCU pins. These
short rise and fall-times place very hlgh short-duration current demands on the power. supply :
To prevent noise problems, special care' must be taken to provide good power supply by-pa
at the MCU. By-pass capacitors should have good high-frequency characteristics and be a
to the MCU ‘as possible. By-passing requirements vary,. dependmg on how heavily the (
are loaded. y

22  0SC1/0SC2

A crystal, ceramic resonator
scillator clock. The oscillator
ption, to provide the internal bus .

These pins provide control input for an on-chip.clock oscillator circuf
or external clock signal connected to-these. pins provides 1l
frequency {fogc) is divided by 2, 4 or 8 chosen via a-ma;
frequency (fop)

221 Crystal

The C|rcu|t shOWn in Flgure 2-2(b}isre
‘ desugned to lnterface W|th an AT—cut~

3 ended when using a crystal. The internal oscﬂlator is
esonant quartz crystal resonator in the frequency
v11.4 AC Electrical Charactenstlcs). Use of an external
CMOS oscillatoris recommend orystals outside:the. speciﬁed ranges are to be used The

2.2.3 External Clock

An external clock should be'éppliedto the OSCT input with the 0OSC2 pin not. connected,-as
shown in Figure 2-2(d). The toxov specification does not apply when using an external clock snput
The equ1valent specn‘lcatlon of the extemal clock source should be used in lieu'of toxov

B/IOTOROLA .- FUNCTIONAL PIN DESCRIPTION - - MC68HCO5I8
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Crystal Ceramic Resonator

2 MHz 4 MHz Units 2 -4 MHz Units
Rg. (max) 400 % Q Rg {typical) 10 o
Co 5 7 pF Cp 40 pF
Cr i 0.008 0.012 nF Cq 4.3 pF

Cosc1 - 1540 1530 pF Cosc1 30
Cosc2 15-30 15-25 pF Cosc2 30
R 10 10 MQ Rp

Q 30k 40k — Q

(a) Crystal/Ceramic Resonator Parameters

0SC2

(c) Equivalent Crystal Circuit

MCU
0sC osc2

I

Not connected

L— < External Clock

{d) External Clock Source Connections

Figure 2-2 Oscillator Connections

10 a known start-up state. An external RC-circuit can be connected to this pin to generate
ower-on reset {POR) if required. In this case, the time constant must be great -enough
nimum 100 ms) to allow the oscillator circuit to stabilise. This input has an internal Schmitt
trigger to improve noise immunity.

2.4 IRQ

IRQ is an input pin for external interrupt sources. The interrupt trigger sensitivity (edge or
edge-and-level) can be selected via & mask option. The IRQ pin has an internal.Schmitt trigger to
improve noise immunity.

MCe8HCO5i8 FUNCTIONAL PIN DESCRIPTION MOTOROLA
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25 I/OPORTPINS

2.5.1 Ports A-D (PxO—Px7)

Ports Ato D consnst of elght bl-dlrectnonal pins (PxO t Px7) The dlrectlon and state of each pinis
software- programmable AII p|ns are conflgured as |nputs durlng power-on or reset..

252  PortE (PEO-PE7)

Port E consists. of eight bi-directional pins (PEQ to PE7). The direction and s
software programmable..In addition, Port E can be configured to'support th
‘and the bus clock for the M68000 module See Section 2. 6 and followin
as mputs dunng power-on or reset..

ach pm is
he 16-bit timer
s are configured

253  PortF (PFO, PF1)

he direction and state of each pin:is
uts during power-on or reset.

Port F consists of twobi—directiohal,pihs.(PFVO and P
software programmable. Both pins are configured

PINS

2.6 M68000 INTERFACE MOI

Throughout this document; the
as the MCU.

@@ deV|ce is referred to as the Host and the MC68HC05|8

' VIRQGBK o

" This active-low open-draln output pin S|gnals to the Host that one or more of ‘the maskable'
interrupt conditions is true.

METOROLA o FUNCTIONAL PIN DESCRIPTION . MC68HCO5i8




263 RS1-RS4

The register select lines select the MCU internal registers during read/write operations.

264 RWGBK

The read/write input pin, RW68K is driven high by the Host when it reads and1ow wh
Read or write cycles are initiated by asserting the chip select input CS.

265 ©s

U on data lines'DO to
and the register-seléct
ced in a high impedance state.

The active low CS input enables data fransfers between the Host &
D7. Data transfers are controlled by read/write {RW68BK], chip ‘sel
inputs RS1 to RS4. When CS is high the data/lines.D0 to.D7 ar

2.6.6 CLK68K

When configured to support the MGSOOO intel module, Port E bit 7 serves as the CLK68K
input. This pin selects the external clock mo the M68000 subsystem whereby the DTACK
pin is synchronised to an external clock sigial apphed to this pin.

267 Data bus lines (D

These bi-directional tri
information between

ata lines are used to transfer .commands, data and status
8000 processor and MCU. DO is the least significant bit.

2.7 BIT PROGRAMMABLE TIMER PINS

TCMP

When configured to support the 16-bit programmable timer, Port E bit 4 becomes the output pin
for the output compare function.

2.7.2 TCAPA, TCAPB

When configured to support the 16-bit timer, Port E bits 5 and 6 serve as the input pins for the
timer input capture functions.

'MC68HCO5i8 FUNCTIONAL PIN DESCRIPTION ‘MOTOROLA
25



28  SCIPINS
281 RX'l RXZ

When Port E bits 0 and 2 are conflgured to support the SCI functions by setting -bit 2 of the
relevant Serial Communications Control register; they become inputs and serve as the receive:
data pins (RX1 and RX2) for. SCI 1.and SCI 2 respectively.. -. ..

282  TX1,TX2

ng bit 3 of the
e.as the transmit

When Port E bits 1 and 3 are configured to. support the‘,SCl functions by
relevant Serial Communications: Control register, they become-outputs
data pins:(TX1.and TX2} for SCI1.and SCl:2;respectively.

" Further detals of how the RX and TX bifts operate cain be foundin

: ,‘gAéDTOB:OLA | . FUNCTIONAL PIN DESCRIPTION . MCB8HCO5i8



SECTION 3
CPU CORE AND INSTRUCTION SET

This section provides a description of the CPU bore registers, the instr
addressing modes of the MC68HCO05i8.

“set and the

31 REGISTERS

The MCU contains five registers, as shown in the progr

ing model of Figure 3-1. The interrupt
stacking order is. shown in Figure 3-2.

Accumulator
Index Register

Program-Counter

0

ot P T 1]
7 0

|1|1|1|H|I N|ZlC] Condition Code Register

Stack Pointer

Carry./ Borrow
Zero

Negative
Interrupt Mask
Half Carry

Figure 3-1 Programming Model

0 Stack
Condition Code Register
Increasing £ Accumulator = Decreasing
Memory © i 2 Memory
Address - | & Index Register _ 8 Address
Program Counter High £
Unstack Program Counter Low
Figure 3-2 Stacking Order
MCB8HCO05i8 CPU CORE AND INSTRUCTION SET MOTOROLA
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311 Accumulator (A)

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

3.1.2  Index Reglster {X)

The index reglster is an 8 brt reglster WhICh can contarn the lndexed addressrng vaIu
create an effectlve address The mdex regrster may also be used asa temporary stor;

313 - Program Counter. (PC)

The program counter is a 16-bit register, which contains the addre: e next byte to be
fetched. Although the MGBHCO5 CPU core can address 64 kbytes.of rhory the actual address
range of the MCB8HCO5i8 s limited to 16 kbytes. The two m
Counter are therefore’ not ‘Used' and are permanently set'to

314 . Stack Pointer (SP)

The stack pointer is a 16-bit register, which contairis the address of the next free location on the
stack. During an MCU reset orthe res K painter (RSP} instruction, the stack pointer is set
to location $00FF. The stack pointer is ecremented -as.data.is pushed onto the stack and
incremented as data is pulled from, T e e

When accessing: memory, the
These ten bits are appended;
the range of $00C0 to $0GFF,
64 locations are excegi
information. A su

ost significant bits are’ permanently ‘set to 0000000011,
& six [east srgnlflcant regrster bits to produce an address within
broutlnes and |nterrupts may use up 1o 64 {decimal) locations. If
e stack pointer wraps around and overwrites the previously stored
all occupies two locations on the stack; an interrupt uses five locations. -

tion Code Reglster (CCR)

a 5 bit reglster in WhICh four blts are used 1o |ndrcate the results of the instruction 1ust
, and the fifth bit indicates whether interrupts are masked. These bits can be individually
ted by a program, and specific actions- can be taken as-a result of ‘their state. Each blt is
plalned in the followmg paragraphs TR

3151 ‘fHai'f'carry H

This bit is set during ADD and ADC operations to indicate that a carry occurred between bits 3 and 4.

MOTOROLA . . CPU CORE AND INSTRUCTION SET MCE8HCOsi8
M | | | o , 1C68HCOS



3.1.5.2 Interrupt (I)

When this bit is set, all maskable interrupts are masked. If an interrupt occurs while this bit is set,
the.interrupt is latched and. remains pending until the interrupt bit is cleared.

3.1.5.3  Negative (N)

When set, this bit indicates that the result of the last arithmetic, logical, or data manigt
negative.

3.1.54 Zero (2)

When set, this bit indicates that the result of the last arithmetic, log
zero.

data manipulation was

3.155 Carry/Borrow (C)

f the arithmetic logical unit {ALU) occurred
ected during bit test and branch instructions

When set, this bit indicates that a carry or borrow o
during the last arithmetic operation. This bitis
andduring shifts and rotates.

3.2 INSTRUCTION SET

The MCU has a set of 62

[ e Instructions. They can be grouped into five different types as
follows:

ollowing paragraphs briefly explain each type. Al the instructions within a given type are
presented in individual tables.

This MCU uses all the instructions available in the M146805 CMOS -Family plus one more: the
unsigned multiply. (MUL) instruction. This instruction allows unsigned multiplication of the
contents of the accumulator (A) and the index register (X). The high-order product is then stored
in the index register, and the low-order productiis stored in the accumulator. A detailed definition
of the MUL instruction is shown in Table 3-1.

MCBBHCO5i8 CPU CORE AND INSTRUCTION SET MOTOROLA
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321 RegisterlMemory'Instruc,ti,ons :

Most of these instructions Use two operands. The first operand is either the accumulator or the
index register. The second operand is obtained from memory using one of the addressing modes.
Thej jump unconditional (JMP) andjump 1o subroutine (JSR) instructions have no register operand
Refer to Table 3-2 for a complete.list of reglster/memory instructions,

322 éranch I'né‘tr'lietije'nsﬂ"l'

These instructions cause the: program to branch if a particular condition is met;
operation is performed. Branch instructions are two-byte instructions. Refer t

3.23 Bit Manipulation Instructions
~The MCU can set or clear any writable:bit that resides in the fi
(Page 0. All port data and data direction registers, time
control/status registers and a portion of:the an-chip RA
allows the software to test and branch on the stat of
bit clear bit test, and branch functions are aII lmple

‘and branch instructions, the value of the bit tes
code register. These instructions are also read-m

tes of ,th_e memory space
ial interface registers and,

egide in. Page 0. An additional feature -
it within these, Iocatlons The bit set
ed with smgle instructions. For the test .
so placed in the Carry bit of the" conden
fy—wnte mstructmns Refer to Table 3-4.

-'3.24 Read/Modify/write“lns i s '

location or a reglster modlfy or test its contents and wnte the
or to the register. The test for negative.or zero (TST) instruction
nodify-write sequence since it does not modify the:value. Refer.to
list of read/modify/write instructions. :

These instructions read a merv
- modified value back to mepit
is:an exception to th
Table 3-b for a compl

Vi

Instructions‘

¥3.2.6 - Tables

' Tables for all the: mstructnon types hsted above follow In addmon there isa comp!ete alphabetlcal
listing of all the instructions (see Table 3-7(a) and Table 3-7(b)); and an opcode map for the
instruction set of the M68HCO5 MCU family in Table 3-8.

MOTOROLA CPU CORE-ANDINSTRUCTION SET © MCegHCO5i8
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Table 3-1 MUL Instruction

Operation . X:A « X*A
Multiplies the eight bits in the index register
Description by the eight bit; in the gccumulator and
places the 16-bit result in the concatenated
accumulator and index register.
H: Cleared
i I Not affected
Cog:‘;::n N: Not affected
Z: Not affected
: C: Cleared
“Source |MUL
Addressing Mode {Cycles
Form )
Inherent 1
Indexed Indexed
Immediate (8-bit (16-bit
Offset) Offset)
£
i - ol v e|8|lolew|d|le Slo{el$
s |& 2 | % | 3% 3 | 8 | % Elel= & |
Load A from Memory - : LDA | A6 2|3|cela|4a]|Fel 1|3 [E6} 2|4 |D6|3 (5
Load X from Memory LDX (A 2.3 |ce{3}|4]|FE}1]|3|EE}2.]4|DE} 3|65
Store A in Memory 214 |C713yb6F7|114]|E7|]2]|5|D7|1 3|6
Store X in Memory 2|14 |CFl|3|5]FF|1]14|EF| 2| 5|DF| 3| 6
Add-Memoryto A 212 |BB{ 2|3 |CcB{3|4FB|1}3|EB|2]|4]|DB| 3|5
Add Memory and Carry to 2| 2(B9j 2|3 |Cco(3|4|F9]1|3|E9]214iD91'3}15
Subtract Memory .. UB |AO|. 2| 2|BO] 2}3 |CO[3]4|FO)]1]|3}|EC)] 2|4 |D0j3}5
fv‘:tt:’ggt".';ﬂzm°’y"° sec |az| 2| 2 |B2| 2{3|c2|3|alre|1]{3|E2|2]4a]|D2|3]5
AND |A4| 2| 2 |B4} 213 |C4[3 | 4|Fa) 113 |E4)2]|41D4|3 |5
ORA1AA| 2| 2 |BA} 2 | 3|CA| 3[4 |FA|l- 13 |EA| 2] 4}iDA] 3|5
Eor fasl 2| 2 |Bsf2|3|cel3| 4|8l 1]3lEBl2}4aiD8f3 |5
lemp|ar| z| 281|223 |cr}s|a|F|1|aierf2]4]Dr|3]5
CPX |A3| 2| 2|B3|2]|3jC3|3|4|F3{1]|3|E3j{2|4|D3j31|5
?ﬁg&:ﬁ?ﬁ;‘;’:’e‘)’mh'“ BT a5 2|2 |8s|2|3|csl2]a|rs|1|3]|es{2]4|ps|a]|s
Jump Unconditional JMP 2 |CC[3|3|FC|1T|2]|EC|2]|3|DC|3|4
Jump to Subroutine JSR 2 ch} 3 FO| 1| 5 |ED 6 (DD 37
MC68HCO5I8 CPU CORE AND INSTRUCTION SET MOTOROLA
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Table 3-3 . Branch'Instructions - -

Relapve Addressing
Mode -
_Flklvn&:tioh'.'k' e “ |Mnemonic Obcode #1#
LR e T R Bytes | Cycles
BranchAlways . s D BRAG 200 | 2
Branch Never L © BRN L - 2
Branch if-Higher ~ U BHI 22 2
[Branch if Lower or Same B - I
Branch if Carry.Clear-: =~ o BCC .. .24 2
{Branch'if Higher or Same}. ~ " . BHS). |24 ] 2.
Branch if Carry Set " v v | BES |26 20
{Branch if Lower) = - & (BLO), : 25 2
Branch if Not Equal .|+~ BNE 26 )
Branch if Equal o oo BEQ 270
..|Branchif Half Carry Clear - -~~~ .| 'BHCC | .28
[Branch if Half Carry Set 7 [ BHCS.

Branch if Plus™ = L BPL
Branch if Minus. - ;
" |Branch if Intefrupt Mask Bitis Clear

IS NI RS NI
o wlw|w|wlw|w|wlw|w

* [Branch if Interrupt Mask Bit is Set: =20
. |Branch if ‘Interrupt Line is Low: - W 2B
Branich if: Interrupt Line.is High TR
" | Branch to Subroutine : ' = AD
' Ta}blle' Manlpulatlon lnstructlons

o Addressmg Modes :
‘ BltSet/CIear ; thTestand Branch .
B # v Opcode R
Bytes | Cycles | =" " Bytes Cycles | |

2en | 3 [-5
3.: . 5 .

Functlon, : Opcode

BRSET n {n=0-7):
BRCLRn {n=0-7).
BSET n/(n=0-7): -
-|BCLR:n {n=0-7)

- Branch if Bit.n

QASTO'ROLAA | CPUCOREANDINSTRUCTIONSET' MC68HCO5E



Table 3-5  Read/Modify/Write Instructions

Addressing Modes
Indexed Indexed
'""(:;’“' '""(‘;(')"“' Direct (No (8-bit
Offset) Offset)

Function g '§ g % '§ g % '§ ] '§ '§ g .§ 12

| :|e|&|5|glalslslz|s|g|a|clila
= Ol | |OC|la|{n|{O0]|x|%]OC|= O £
Increment INC |4C| 1 |- 3|6C]1 1|3 ]3C| 2|56 ]72¢C|1 8C 6
Decrement DEC [4A ] 1 3 |6A] 1 3 |3Al 2|5 |7A).1 6
Clear CLR | 4F 1] 3 |6F|1}3|3Fj2]5(|7F]| 1 2|6
Complement COM 4311 |'3|83]1}J3|33]2]|5 5 216
Negate {Two's Complement) | NEG | 40 |1 | 3| bB0O] 113 {301 215 5 216
Rotate Left Through Carry ROL {49 | 1 315911 31312165 115 2|6
Rotate Right Through Carry | ROR | 46| 1] 3 15641 |3 |36 2 1|15}66] 216
Logical Shift Left LsL j48} 1 316811 3 1 6516812 | 6
Logical Shift Right LSR 144 | 1 3 |54 1 3 1 5|64 2| 6
Arithmetic Shift Right ASR | 47| 1 315711 3 1 51671216
Test for Negative or Zero TST 14D} 1 3 1 4 17D 1 4 |60 2 5

Multiply MuL42{ 1 |11
Table 3-6 nstructions

Inherent Addressing
Mode
Mnemonic¢{Opcode By‘:es Cygles
TAX 97 1 2
TXA 9F 1 2
SEC 99 1 2
CLC .98 1 2
et Interrupt Mask Bit - SE! " 9B 1 2
lear Interrupt Mask Bit Cul 9A 1 2
Software Interrupt SWi 83 1 10
Return from Subroutine RTS 81 1 B
Return from Interrupt RTI 80 1 9
Reset Stack Pointer - RSP 9C 1 2
No-Operation NOP ) 1 2
Stop STOP 8E 1 2
Wait WAIT 8F 1 2
MC68HCO5i8 CPU CORE -AND INSTRUCTION SET MOTOROLA
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' Table 3.7 (a) Instfuction Set {1 of 2)

| Mnemonic v A'd'dr,:éssing Mbdés ‘ ' - Condition Codes ’
RS INH-[IMM| DIR |EXT |REL | “IX | 1X1 | IX2 |BSC|BTBJ|H|{ 1 [N| Z | C
—ADC R " i ol
ADD - IR E
“AND .
ASL | n
[ase ] 0
BCC -
. BCLR '~
:BCS
*'BEQ-
_BHCS. il B
LT BHI: ol
"BHS- L
BiH O L R
BIL o] @] e} e
BT RN
BLO R
BLS o | o] e] e
BMC MR
BM! s | o o] o] e
BMS: - AR R
BNE o e[|
BPL L ] - L ] L]
BRA ol o | o] @
BRN - o le|o]e
BRCLR P P P
BRSET o ol o0
BSET ol o|l o] e
" BSR el o] e]oe
. ] . 0
0 . .
~e 01
el 0100

Address Méda Abbreviations

, Condition Code Symbols
BSC BitSet/Clear  _. MM’ Immediate :

TJested and Set if True,

x|

BTB BitTest&Branch  IX - Indexed (No Offset) . Halfca"y Wrom B3} 0 Cleared otherwise
DIR " Direct IX1 indexed, 1 byte Offset I Interrupt Mask -~ . . ® -NotAffected
EXT Extended : IX2" indexed; 2 byte Offset - N.: Negate (Sign Bit) ? . Load CCR from Stack
INH. inherent " REL Relatve 2. Zero 0 Cleared '
. CCarmry/Borrow } 1. Set

Not Implemented ;

MOTOROLA CPU CORE AND INSTRUCTION SET MC68HCQ5i8
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Table 3-7 (b)

Instruction Set (2 of 2)

Mnemonic

Addressing Modes

Condition Codes

INH

IMM

DIR | EXT| REL

IX

X1

COM

IX2 |BSC|BTB

HIiI'IN|Z|C

CPX

DEC

ECR

INC

JMP
JSR

LDA

LDX =

LSL

LSR

MUL

NEG

NOP

ORA

ROL

ROR

RSP

RTI

e Ol || e | OO
YR A =g g e g BN Rl U Eed Red R o) Kol

RTS

.
L
L d
*

SBC

SEC

SEl

*
.
<
sl=l] e

STA

STOP

STX

SUB

“SWi

s|lololel{c] e
ol IOl e e
L]

WAIT

Address Mode Abbreviations

Condition Code Symbols

DIR Dirsct

BSC Bit S&t/Clear
BTB Bit Test & Branch

EXT Extended
INH “inherent

MCB8HCO5i8

MM
X
X1
X2
REL

Immediate

Indexed (No Offset)
Indexed, 1 byte Offset
Indexed, 2 byte Offset

Relative

Not Implemeénted

I

ONZ -

Half Carry {from Bit 3)

Inte}rupt Mask
Negate (Sign Bit}
Zero
Carry/Borrow

CPU CORE AND INSTRUCTION SET

Y

- O w

Tested and Set if True,
Cleared otherwise

Not Affected

Load CCR from Stack
Cleared

Set

MOTOROLA
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oL-g

V10HOLOW

13S NOLLINY.LSNI ANV IHOO NdD

8IS0JH89IW

Table 3-8 Opcode Map

Bit Manipulation Branch Co - Read/Modify/Write Control. o .

“BIB_| BSC REL DIR INH [ INH | X1 [ X INH | INH :| IMM. | DIR; X 1o
~Highl" 0 1 2 3 4 3 6 {7 [ 8 e b A D E F. o iHigh -
Low 0000. | 0001 0011 | 0100 | 0101 _|..0110 | o111 - [ 1000 | 1001 | 1101 | 1110 ] 1111 | ~Tew|.
ooto* |,BRSETO’| BSET9 ® NEG "l NEGA | NEGX’| NEG | .NEG' sue ‘i sus *fsuB f sus oo

3 . .BT ‘BSC DIR[1 ;. IN INH X1 . EXT{3 ) 1X2]2 IX1[1 i h -
1 5 3 5 T K B T
0001 QBRCLgTQB 2‘ BCLRB%C5 2 CMPEXT 3 CMPIX‘S’ 2 CMP]X'( 1 CMP X 0001
I 5 T — X —
BRSET1| BSET SBC: . °| - sBe Y sBC
0010 - |3 BTB|2 E gsc 2 “extls SBC:xz 2 wali st x| 0010
'3 ER 5 T4 L) A E )
0011 3BRCL§1 BCLF” cl2 'CPXExra ‘(.:P)-(‘l'xz 2 *CPXDO 1 ‘CPX x| 0011
3 ; C B N A 3 4
0160 3BRSE"[IB'2 BSETBZSC AND_ | AND °| AND 1 AND | oo
g 5 ‘B
0101 3BRC'-§T25 , BOLRZ 0101
6 . g 5[ —5
ot10 |;BRSET3 | BSET3 | W] 0110
7» : 5 ’v 5 7
0111 7 |,BRCLE3 1 BCLR3. | 0111
3 O s .8
1000 [BREETE |, BSETR | 1000
5 823 e
1001 | BRCLRA '} BCLRA | 1007
A 5; 5 Al
1070 |,BRSETS | BSETS | 1010
B PR B
1017 |[BROLRS | BCLRS | BMI 7 100
C 5 5 —C-
1100 _|BRSETR,|, BSETR |, BMG . 1100
- D 5 ] D 3
1701 3BRCLI;6 BCLRE | BMS 1101
E ' i I E
1110 3BRSE;I37 BSET575c 2 BIL | EXT|3 - 1x2|2 —xaft - S 1110,
o : e ~ 5| At ;
11y |BROLRT| BCLRY BIH sTX ° L N
1 3 BTB|2 8BS EXT|3 1X2§2 X : X 1111

Bit Sethlear

Direct

. BitTest and Branch

Extended.
inheérent
Immediate

dexed (No Offset)
Indexed, 1 byte (8 bit Offset -
indexed, 2 byte (16 blt) Offset
Relative -
Accumulator
Index Reglster

LEGEND

~ Mnemonic

11114

Opcode th He)édecimal
Opoode in B|nary

Not [mplemented * -

*'SUB/J’
1 - 1%

6, :
0000

‘Bytes’ ;
,_ Cycles’

Address Mode




3.3 ADDRESSING MODES

Ten different addressing modes provide the programmer with the flexibility to optimise his code
for all situations. The various indexed addressing modes make it possible to locate data tables,
code conversion tables, and scaling tables anywhere in the memory space. Short indexed
accesses: are singlé byte instructions; the longest instructions (three bytes) permit acce
tables throughout memory: Short absolute (direct) and long absolute {extended) addressin

The ten addressing modes of the processor are described below.
indicate "contents of” the location or register referred to; e.g., (PC} i
location pointed to by the PC (Program Counter). An arrow indicat
indicates concatenation of two bytes. For additional details and,grar
M6805 HMOS/M146805 CMOS Family Microcomputeryl

the contents of the
placed by”, and a colon
ical illustrations, refer to the
processor User's Manual. .

3.3.1 Inherent

In the inherent addressing mode, all the i on necessary to execute the instruction is
contained in the opcode. Operations specifyi nly the index register or accumulator as well as.
the cantrol instruction with no other arguments are included in this mode. These instructions are
one byte long,

332  Immediate

ng mode, the operand is contained in the byte immediately. following
iate addressing mode is used to access constants that do not change
ution:{e.g., a constant.used to initialise a loop counter).

EA = PC+1; PC « PC+2

In the immediate
the opcode. The
during progran

the direct'addressing mode, the effective address of the argument is contained ina single byte
" following the opcode byte. Direct addressing allows the user-to directly address the Iowest 256
bytes in memory with a smgle two-byte instruction.

=(PC+1); PC « PC+2
Address Bus ngh « 0; Address Bus Low « {PC+1)

MCG8HCO5i8 CPU CORE AND INSTRUCTION SET MOTOROLA
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. 3.34 Extended

In the extended addressing mode; the effective address of.the argument is contained in-the two -
bytes following.the opcode byte. -Instructions with extended addressing'mode are capable. of
referencing arguments anywhere inimemory with a single three-byte instruction. When using the
Motorola assembler; the user-need-not.specify. whether an instruction uses direct or extended
addressmg The assembler automatrcally selects the short form of the lnstructron

T EAS(BCHIPCH2) PC EPCHT |
P Address Bus Hrgh « (PC+1) ‘Addréss Bus! Low<—— (PC+2)

335 Indexed No Offset
entis veontained in

ry locations. These
ointer through a table or

~Inthe |ndexed no offset addressrng mode the eﬁectlve address of th
the 8-bit index register.:This addressing mode ican access: the first 256
,inStructions are only one byte long. Thisimode is often used to {
to hoId the address of a frequently referenced RAM or /O locatien

EA = X; PC « PC+
Address Bus ngh - 0 Address BusiLow « X -

336 Indexed, 8bitOffset |

 the effective address is the sum of the contents of
.unsigned byte following the opcode. Therefore the
e lowest 511 memory locations. ThIS addressmg mode
n an n-element table. :

EA = X+(PC+1); PC(—PC+2 e e
us High « K; Address Bus Low <——X+(PC+1)
K= the carry from the addition of X and (PC+1) -

In the indexed, B-bit offset addressing m
the unsigned 8-bit index register an:
operand can be located anywhe
is useful for selecting the mth el

3.3.7 ed, 16-bit Offset -

xed, 16-bit offset addressmg mode the effective address is the sum of the contents
sighed 8-bit mdex reglster and the two unsngned bytes following the opcode. This
ress mode can be usedina manner S|mrlar to xndexed 8-bit offset except that this three- -byte
ruction allows tables to be anywhere in memory. As with direct and extendsd: addressmg, the
otorola assembler determines the shortest form of rndexed addressrng

EA = X+[(PC+1) (PC+2)] PC «PC4+3
Address Bus ngh & (PC+1)4K; Address Bus Low < X+(PC+2)
where K = the carry from the addition of X and {PC+2)

int

g/l1OTOROL‘A ” ~ CPU CORE AND INSTRUCTION SET  MC68HCO5i8




3.38 Relative

The relative addressing maode is only used in branch instructions. In relative addressing, the
contents of the 8-bit signed byte {the offset) following the opcode is added to the PC if, and only
if, the branch conditions are true. Otherwise, cantrol proceeds to the next instruction. The span
of relative addressing is from —126 to +129 from the opcode address. The programmer nee
calculate the offset when using the Motorola assembler, since it calculates the proper of(
checks to see that it is wuthln the span of the branch.

EA = PC+2+(PC+1); PC « EAif branch taken:;
otherwise EA = PC « PC+2

3.3.9 Bit Set/Clear

In the bit set/clear addressing made, the bit to be set or clea
following the opcode specifies the address of the byte in wh
cleared. Any read/write bit in the first 256 locations of ~

set or cleared with a single two-byte instruction.

= (PC+1), R
Address Bus High « 0;.

is'part of the opcode. The byte
e specified bit is to be set or
ncluding I/O, can be selectively

s Bus Low « (PC+1)

3.3.10 Bit Test and Branch

mode is a combination of direct addressing and relative
addressing. The bit to be te d its condition (set or clear) is included in the opcode. The
address of the byte to be dIs in the single byte immediately following the opcode byte (EA1).
The signed relative 8-pit offset in the third byte (EA2) is added to the PC if the specified bit is set

The bit test and branch add

condition of any readable bitin the first 256 locations of memoary. The span
25 to +130 from the opcode address. The-state of the. tested bit is also
the carry bit of the condition code register.

EA1 = (PC+1); PC « PC+2
Address Bus High « 0; Address Bus Low « (PC+1)
EA2 = PC+3+(PC+2); PC « EAZ2 if branch taken;
otherwise PC « PC+3

of branch
transfer

MC68HCO5i8 CPU CORE AND INSTRUCTION SET MOTOROLA
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SECTION 4 _
RESETS, INTERRUPTS AND LOW POWER MODE

4.1 RESETS

The MCU can be reset in four ways: by the initial power-on reset fénetion, by an active low input
tothe RESET pin, by an opcode fetch from anillegal address, ap@iby a COP watchdog timer reset.
See Figure 4-1.

t— tvpDR

Voo / Vpp threshokd {1-2V typical)

t PoRL

W | A A

t oxov
RESET

/ {Internal Power-on Res {Extemal Hardware Reset)

Internal
Clock (2}

Internal
Address
Bus (2)

Reset sequence

code data /\code
Program
execution execution
begins begins

e OSC1 line is not meant to represent frequency; it is used to represent time only:

Internal clock and bus signals are not available externally.

3. The first rising edge of the internal clock after the rising edge of RESET initiates the reset sequence.
4. Refer to Electrical Specifications section for specific values of timing parameters.

Internal
Data
Bus (2}

Figure 4-1 Power-on Reset and-RESET

MCB8HCO5iS RESETS, INTERRUPTS AND LOW POWER MODES MOTOROLA
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411 - Power-on Reset

A power-on reset occurs when a positive transition is detected on VDD. The power-on reset
function is strictly for power turn-on conditions and should not be used to detect drops in the
power supply voltage. The power-on circuitry provides a stabilisation delay (tpopt) from when the
_ oscillator becomes active. If the external RESET pin is low at the end of this delay then th
processor remains in the reset state until RESET goes high: The user must ensure that the voltag
on VDD has risen to-a.point where the- MCU can operate:properly by the time tpogy.has ela
If there is doubt, the external RESET pin- should remain low until the voltage on VDD:has
the specified minimum operating voltage This may be! accompllshed by connecting ah
RC-circuit to this pin to generate a power on reset (POR). In this case, the time col
great enough (at least 100 ms) to aIIow the oscillator circuit to stabilise.

412  RESETPin .

a logic zero is-applied'to
. This pin contains an internal

When the oscillatori isTunning in.a stablé,state, the MCU is r
the RESET input for a minimum period of 1.5 machine cycle
Schmitt Trigger as part of its input to improve noise immun

413 lllegal Address Reset

When an opcode fetch oceurs fror an addr
the ROM-($2000-$3FFF) then the devi

$ hICh is not part of the RAM ($0050—$01 2F) or of
tomatucally reset.

414 ,com‘pi._tér Operatii mpef,ly%((i_(r)l-;’)gﬂeéort;“

tlmer that automatlcally times out if not reset {cleared) within a
set sequence. If the COP watchdog timer is allowed to time-out, an
ted to reset the MCU. Because the internal-reset signal is used, the MCU
eset in the same operating ‘made it was in when.the COP time-out was

~The MCU contams a w
specific time by a pro
internal resetis get
comes out of @CO
generated.

t function is enabled or disabled by a mask option..

ection 8.2 for more informationon the COP Watchdog timer:, - -
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4.2 INTERRUPTS

The MCU can be interrupted by seven different sources, six maskable hardware |nterrupts and
. one non-maskable software interrupt:

* External signal on the IRQ pin

* 1B-stage ripple counter {Core Timer)

s 16-bit Programmable Timer

s SCNh

s SCI2

+ |RQs6BK

¢ Software Interrupt instruction (SWI)

e stack and to set-the interrupt
¥eTurn from Interrupt) causes the
processing to resume.

Interrupts cause the processor to save the register conten
mask {|-bit) to prevent additional interrupts. The RTlinstru
register contents to be recovered from the stack and né|

irrent instruction execution to be halted, but
complete. The current instruction is the one
e current instruction is complete, the processor
upts are not masked (CCR I-bit clear) and the
et, the -processor proceeds with interrupt processing;
Fand executed.

Unlike reset, hardware interrupts.do not cause the
are considered pending-until the current instrug
already fetched and being operated on. Wh
checks -all pending hardware interrupts. If inte
corresponding interrupt enable bit
otherwise, the next instruction is f

If both an external interrupt
external interrupt is service:

Table 4-1 shows the
Interrupt Processin

timer interrupt are pending after an instruction execution, the

tive' priority of all the possible interrupt sources. Figure 4-2 shows the

able 4-1 Interrupt Priorities and Vector Addresses

Register Flags Vector Address | Priority
— : — $3FFE, $3FFF | highest
— — $3FFC, $3FFD
— -— $3FFA, $3FFB

External Interrupt {RQ)

Core Timer (CTIMER) CTCSR CTOF, RTIF $3FF8, $3FF9
MB8000 Interface {M68K) IMRO5 RMx,- TMx $3FF6, $3FF7
16-bit Timer TSR ICAF, ICBF, OCAF, TOF | $3FF4, $3FF5
scH SCSR TDRE, TC, RDRF, IDLE, | $3FF2, $3FF3
SCI2 SCSR | - ORNEFE $3FFO,$3FF1 | lowest
MC68HCO5iS RESETS, INTERRUPTS AND LOW POWER MODES MOTOROLA
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4.2.1 Non-Maskable Software Interrupt (SWI)

The software: interrupt-(SWI). is an, executable iinstruction and- a non-maskable_ interrupt:. it is
executed regardless of the state of the |-bit in the CCR. If the I-bit is zero {interrupts enabled), SWi

. is executed after interrupts that were pendmg when the SWI was fetched, but before mterrupts
generated after the SW| was fetched. The SWhinterrupt service routine address is specified b
the contents of memory Iocatlons $3FFC and $3FFD

4.2.2 '~ Maskable Hardware Interrupts

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

Note: The internal inferrupt latch is cleared in the first part of th
therefore, one external lnterrupt pulse could be latched an
gt blt is cleared : SRR :

pt service routine;
ed as soon as the

4.2.2.1 » External Interrupt (IRQ)
elected edge on the [RQ p.in. Itis then

ose:start address is contained in memory
e-and-level sensitive triggering is selected

The |nterrupt request is- latched immedlately followm@ |
synchronized internally-and serviced by the routir
locations $3FFA-and $3FFB. Edge sensitive-on
via a‘mask option:

4.2.2.2 - . Real Time and Core Ti "IMER) lnterrupts,
‘rnterrupt flags that' cause a CTIMER lnterrupt whenever an
becomes’ set hamely RTIF and ‘CTOF. The interrupt ﬂags and
IMER Control and Status Register (CTCSR). These interrupts’ W|l|

upt service routine, whose start address. is-contained in memory
(see 8.3. 1 Core Tmer Control and Status Reglster and Flgure 8- 1 Core

There are two-different core
Jinterr(ipt is: enabled and it
enable bits are located in
vector to the same
locations $3FF8 an
Timer Block Dij

se of the Core Tmer Overflow Interrupt the CTO FE.bit must first be set; The CTOF bl‘t
n be set when the Core Tmer Counter register overflows from $FF to $OO

223 M68000 Interrupt

'There are elght sources that can cause an M68000 lnterface module |nterrupt to be Iatched Once

latched, the interrupt is synchromzed internally and ‘serviced by the routine whose start address
is contained in memory locations $3FF6 and $3FF7. The M68000 |nterface module interrupt mask
bits are held in the Interrupt Mask™ register at location’ $3D.'See Section 10 for more détails.

MOTOROLA RESETS, INTERRUPTS AND LOW POWER MODES MECBSHCO5i8
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4224 Programmable 16-bit Timer Interrupt

There are four sources of interrupt on the 16-bit timer; two Input Captures, one Output Compare
and a Timer Overflow. The interrupt enable bits for these functions are held in the Timer Control
register {$1C} and the interrupt flags in the Timer Status register ($1E). These interrupts will be
serviced by the routine whose start address is contained in memory locations $3FF4 and $3k

4225 SCI1 Interrupt

Serial Communications Interface 1 can generate four types of interrupt; Tra
Transmit Complete Interrupt (TCI), Receiverinterrupt (Rl) and |dle Line Interrt
enable bits for each of these sources are held in the SCI1 Control registe
inthe SCI1 Status register ($26). All the interrupts are serviced by th
is contained in memory locations $3FF2 and $FFF3.

terrupt- (T),
‘ The interrupt
}and the status bits
e whose startaddress

4226 SCI2 Interrupt

Serial Communications Interface 2 can generate f
Transmit Complete Interrupt (TCI), Receiver Interrug
enable bits for each of these sources are held: SCI2 Control register ($2D) and the status
bits in the SCI2 Status register ($2E). All t rrupts are serviced by the routine whose start
address is contained in memory locations $8FF0 and $3FF1.

types of interrupt; Transmit Interrupt (TH,
{Rl) and Idie Line Interrupt {IL]). The interrupt

4.2.3 - : Hardware Contr errupt Sequence

RESET, STOP, and WAIT) are not in the strictest sense interrubts.
in a similar manner. Flowcharts for STOP and WAIT are shown in

The following three fu
However, they are a
Figure 4-3.

RESET: t condition caUses the program 1o vector 16 its starting address, which is
rtained in memory locations $3FFE. (MSB) and $3FFF- (LSB). The I-bit in the

ndition code register is also set, to disable interrupts.

The STOP instruction causes the oscillator to be turned off and the processor to
“sleep” until an external interrupt (IRQ) occurs or the device is reset.

The WAIT instruction causes all processor clocks to stop, but leaves the core timer
running. This “rest” state of the processor can be cleared by reset, an external
interrupt (IRQ), or a core timer interrupt. There are no special WAIT vectors for
these interrupts. Note that the 16-bit timer, SCI1, SCi2 and the MC68000 module
are not active during WAIT mode.

MCE8HCOb5i8 RESETS, INTERRUPTS AND LOW POWER MODES MOTOROLA
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4.3 LOW POWER MODES

431 STOP = - . i

The STOP instruction places the MCU in its lowest power-consumption:mode. The processor can
only be started again by an external interrupt on the IRQ pin or a reset. The oscillator is stop
~all CPU and timer functions are stopped and an oscillator stabrllzatron delay of tPORL is reqy
to start the processor again.

During: the:STOP: mode, the caretimer:interrupt -flags:and: |nterrupt enable bits
Timer lnterrupt and enable bits are cleared by internal hardware to remave any pé
requests. The timer prescaler is also cleared. The I-bit in: the CCR is.cleare
interrupts. All other bits, registers and.memory remainunaltered. AII inpLf
unchanged. The STOP instruction can be disabled by-a mask optlo
executed as a NOP (no operation). »

néble. external
ut lines.remain
-disabled, STOPR: is

Note: Pending- |nterrupts from the M68000 mterface

1 SCI2 are not cleared bt/ tlte
- STOP: |nstructron S E '

ow-power consumption mode, but the WAIT mode
le. All CPU action is. suspended, but the Core Timer
mer, can cause the' MCU:to. exrt the'WAIT.mode:

The WAIT instriction places the MCU i
consumes more power than the STOP%
remains active. An interrupt from

During the WAIT mode, the | bi
regrsters memory and rnpu

, CCR is cleared to allow rnterrupt processrng All other‘ :
lrnes remarn in therr prevrous state '

rnode then rt is recommended that RES ET be held low whrlst the power supply is outwith
normal operatrng range to ensure that processrng is suspended in an orderly- manner. '

ecovery from Data Retentron tion Mode, after the power. supply has been restored is by an external
rnterrupt or by pulling the RESET line hrgh

MOTOROLA ~ RESETS, INTERRUPTS AND LOW POWER MODES MC68HCO5i8




From
RESET

Is
I-bit set
?

ClearIRQ - [

Stack PC/X/A/C

ME8K
Interface
?

d PC from:
§'¥1I : $3FFC-$3FFD
IRQ  :$3FFA-$3FFB
CTimer : 83FFB-$3FF9
ME8K  : $3FF6-83FF7
Timer : $3FF4-$3FF5
SCi 1~ :$3FF2-83FF3
SCi2- : $3FFO-83FF1

Fetch next
Instruction

Restore registers
from stack
CC.A X PC

I Execute Instruction

Figure 4-2° Hardware Interrupt Flow Chart

MCBBHCO5i8 RESETS, INTERRUPTS AND LOW POWER MODES MOTOROLA
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( stoP )

( war )

Stop Oscillator Oscillator active . |
and all clocks Processor clock $topped
CTimer active
Clear I-bit Clear- I-bit

MOTOROLA
48

Turn on oscillator | - | Turm ori oscillator |~ ‘
" .Wait for . . Restart |'.| Restart :Restart
'stabilisation Internal Internal Internal
- time delay - - :Clocks - |.... Clocks . Clocks
~Reset - ; .. Stack : Stack
Processor |- | PC/X/AICC PC/)(/A/CC
Set Set
I-bit 1-bit
¥
load PC .|| Load PC Load PC
- from .- - from - from
$3FFE, . | | . $3FFA, $3FF8,
$3FFF $3FFB $3FF9
Fetch “Fetch .,
Instruction Instruction.

_Figure ,4-‘3‘:_‘ STOPAWAIT Flow Chart . -
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~ SECTION 5
MEMORY AND REGISTERS

5.1 MEMORY MAP

The MCBBHCO5i8 has a 16 kbyte memory map comprising 7936 byt
of RAM, 240 bytes of self-check ROM, 16 bytes of user vector
1/O registers.

er ROM, 224 bytes
bytes containing the

5.2 RAM

224 bytes of on-chip static RAM are located from
$00FF and is limited to 64 bytes ($00C0to $
$00CO0 to $00FF, overwriting any existing d

0 to $012F. The processor stack starts at
en the stack overflows it wraps round from

Note: Using the stack area for daf
prevent it from being

orage or as temporary work locatioris requires care to
en due to stacking from an interrupt or subroutine call.

5.3 ROM

The user ROM congi
vectors from $3F

if 7936 bytes of ROM at location $2000 to $3EFF and 16 bytes of user
FFF. The self-check ROM and vectors are located from $3F00 to $3FEF.

ISTERS

registers associated with the on-board hardware functions are contained in the block from
o $003F. All internal registers and their contents are shown in Table 5-1. Refer to the
rdware module descriptions later in this document for more detailed information on the
eration of these registers and their contents.

55 - VECTORS

All vectors for reset, hardware interrupts and software interrupt are located at the top of the
memory map, from $3FF0 to: $3FFF. Each vector location consists of two bytes containing the
start address of the reset or interrupt routine {See Table 4-1).

MCe8HCO5i8 MEMORY AND REGISTERS MOTOROLA
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$0000
o
{64 bytes)
$003F
$0040 “Unused
$0060
$00CO [ pam
. Stack
224 bytes
$00FF f----- ( ytes)
$012F
0130
$1FFF
$2000

MOTOROLA
52

Flgure 5-

Port A Data Register
Port B Data Register
Port C Data Register
Port D Data Register
Port A Data Direction Register
Port B Data Direction Register
. Port C Data Direction. Register
.-Port D Data Direction Register
Core Tirer Control & Status Register
Core Timer Control Register
i % - Unused'; )
Port E Data Reglster
- Port E Data Direction Register
Port F Data Register
- Port F Data Direction Register
- input Capture A High Register
Input Capture A Low Register
Output. Compare A High-Regi
’ Output Compare Alow Re@
“**Input. Capture B High  Regi
Input Capture B Low

rer Status Register -
““Reserved’ +

“Unused )

SCI'1'Baud Register

- 8CI:1-Control 1:Register ;..

o ‘SCI 1 Control 2 Register

“-5C11 Status Register
"'8Cl 1 Data Register

Unused:
' SCI 2 Baud-Register

SCl 2 Control 1 Register

SCI 2:Control 2.Register

. SCl 2 Status Register ..

) SCI 2 Data Regrster ‘
Channel A Data:Write Register.
Channel B Data Wirite Register
Channel C Data Write Register
Channel D Data Write Register .-

Channel A Data Read Register -~ |~
~"$0035

Channel B Data. Read Register
_Channel.C Data Read Register

'Channel D Data Read Register 7!
7, Channel A:Status Register:. ;. |
.-30039
“$003A~
*$003B .

Channel B Status Register. ..
Channel C Statug Register

Interrupt Status,Register
Interrupt Mask:Register
Mode Register
Unused

ort:E-Mode: Register -: -+

::Channel D:Status.Register: . -

- - S003F

Memory Map of the,MC68HC05r8

 MEMORY: AND REGISTERS

$0016-$0017
$0018
$0019
$001A

"~$001B

$001C
$001D
S001E . ..

$001F
. $0020

$002 1—$0022
$0023 ‘

.« $0024

$0025
“$0026

$0027
$0028-3002A
$002B

$002C

$002D

$002E
$002F

180030

$0031
$0032
30033
$0034

30036
$0037
50038 i

$003C
$003D
$003E

MCB8HC05i8




Table 5-1{a) Register Outline

Address [ Bit7 | Bits | Bits | Bits | Bits | Bitz | Bit1 | Bito Register Name et
$0000 Port A Data
$0001 Port B Data
$0002 Port C Data
$0003 Port D Data. -
39004 Port A Data Directi #6000 0000
$0005 0000 0000
$0006 0000 0000
© $0007 0000 0000
o008 | CTOF | RTIF | cTOFE| RTIE | o0 o | RT ore Timer Control &Status | 04 5411

(CTCSR)

Core Timer Counter {CTCR) | 0000 0000

Unused
Port E Data not affected
Port E Data Direction
{Port E DDR) 0000 0000
Port F Data not affected
Port F Data Direction
(Port F DDR) 0000 0000

Input Capture A High (ICRA)

Input Capture A Low {ICRA)

Output Compare High (OCR)

not affected
Output Compare Low (OCR)

Input Capture B High (ICRB)

Input Capture B Low {ICRB}

Unused
Counter High
Counter Low
Alternate Counter-High ot affected
) Alternate Counter Low
$001C " | 'ICAIE [ ICBIE| OCIE | TOIE 0 IEDGA | IEDGB | -OLV Timer Control {TCR) 0000-0uud
80010 | . _ Unused )
$O01E | ICAF | ICBF | OCF | TOF 0 0 0 [¢] Timer Status (TSR) uuu0 0000
$001F - - -~ - - - - - Reserved
u = unaffected
MCB8HCO5i8 MEMORY AND REGISTERS MOTOROLA
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* Table 5-1(b): Register Outline {continued)

Resat

Address | Bit7 | Bit6 | Bit5: | Bit 4 | Bit3 [ Bit2 | Bit1 | Bito Register Name Sttus
80020 | ckes | TcaPB |-TCAPA | TeMP | woma: | womz [ womi | womo " PotEMode | 00000000
$0021 s R R ; o : : . :
$0022° RIS DT PR RO SO | R % IR R . .. Unused
$0023 - |0 | scpr| scPo | - | scrz-| scR1| scRo'| ¢ SCI1Baud BAUD)
~go024 | A8 | T8 o [ wake [ o 0 mo *SCI 1 Control 1 (SCCR1)
soo2s | me | ToE | RE we: | 1 RE | RWU | sBK $CI1-Control 2 (SCCR2)

SCI1 Stats {SCSR 100 0000

0026 | TORE - Tc " |RORF | IDLE | OR | NF el o
$0027 0000 0000
1. so028
$0029 .
$002A iR
so028 | - o | scpt | scro | - | -scre | scri | scro SCIg Baud (BAUD)' 000 -uul
soo2c |- R8 | B0 [ M [ waKE |0 | oo Control 1 (SCCR1). | uuDO 0000
1so02p | me | ToE |- RE |owe | oTES]RED | RWU SCI 2 Control 2 (SCCR2) - | 0000 0000
‘$002e° | TORE "|* T¢ | RORF | IDLE| T OR © $CI2 Status {SCSR) 1100 0000
$002F SCI 2 Data (SCDR) 0000 6060
B MCU Channel A Data Write
$0030 e ADRWOS
MCU Channel B Data Write
.. (BDRWOS})
MCU Channel C Data Wirite
(CDRWOS) :
MCU.Channel.D Data Write ;
v (DDRWOS) | gt
~-MCU Channel A Data Read - -affected.
(ADRROS} Lo
MCU Channel B Data Read
(BDRROS) .
-+ MCU Channel C Data Read
(CDRROS}
MCU Channel D Data Read
- (DDRROS) -

TEMTY. | MCU Channel A Status (ASROS) | 0001 0001

| TEMTY | Mcu Channel B status BSros) | 0001 0001

TEMTY. | MCU Channel C Status (CSROS) | 0007 0001

| TEMTY | MCU Channet D Status (DSROS) | 0001 G001

D | MCU interrupt Status (SROS) _| 0000 0000

‘003D | RMA .| TMA | RMB: T™B RMC | RMD: _VFTMD:; A Mcu]meﬁupxMask’lanos). 0000 0000

80036 [mop [ o | o | o i | aen [ BEN [.cen.[:DEN:| . .McuModeMROS - | 0000 0006

1 .g003F | . . R O g ST L } Ur;usiedy- .

u =unaffected
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SECTION 6
PARALLEL INPUT/OUTPUT PORTS

In Single Chip mode there are 42 lines arranged as five 8-bit and one 2-bit I/O pg
are: programmable. as -either -inputs - or. outputs under software control
registers.. Port .E-also-controls the timer functions, the external clo
capability.. Control.of these functions is done via the Port E Mode regi
section.. -

: data direction
and the wired-OR
. explained later in this

/O Port Data Register before
nding Data Direction Register.

To ‘avoid glitches on the output pins data should be writte
setting the pin to output mode, by writing a “1” to the ¢

6.1 ~ INPUT/OUTPUT PROGRAMMII

Bi-directional port lines may be programmedas inputs or outputs under software control. The
direction of each pin is determined by the state of the corresponding bit in the port data direction
register {DDR). Each port has an asségiated DDR. Any I/O part pin is configured as an output if its
corresponding DDR bit is sett gic one. A pin is configured as an input if its corresponding
DDR bit is cleared to a logic ze ‘ ’

are cleared, thus configuring all port pins as inputs. The data
ritten to or read by the processor. During the programmed output
register actually reads the value of the output data latch and not the I/O
and Table 6-1.

At poweron or reset,
direction registers ¢
state,-a read of th

ODRn

. Direction X
Register ’\] .
Data.
Register |-CATA--——g—t—) Qubut oo
l/ DDRn | DATA | 1/O Pin
. 0 0

==

1 1
0 0 tri-state
0 1 tri-state
Figure 6-1. Bi-directional /O Port Structure Block Diagram

MC68HCO5i8 PARALLEL INPUT/OUTPUT PORTS MOTOROLA
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62  PORTSA-D

Ports A, B, C and D are 8-bit. bi-directional ports.'vThe port data registers are located from $0000
to $0003 and the data direction registers (DDR) from $0004 to $0007. Reset does not affect the
data registers, but clears the data direction registers, thereby returning the ports to inputs. Writing
a "1" to a DDR bit sets the corresponding port bit to output mode.

6.3 PORT E
Port E is an' 8- blt bl-dtrectlonal l/O port: The port E data reglster is'at $000C" and jata direction
register{DDR) is'at:$000D; Reset does ot affect the data register, but:cl data direction
. register, thereby réturning:the: port to inputs. This port:can‘be reconfigur ‘provide the signals

needed for the Serial Communication Interface units, the 16-bit t!mer MB68000 Interface

unit. Furthermore it has wired-OR capability on.pins 0-3. The fune each pin is determlned '
by the Port.E Mode register at location $0020. With the exceptl i e sCl subsystems, a Ioglc
one in the mode reglster selects the assoc1ated subsystem a zero configures it as an /O
line. Reset clears the Port E Mode register, causing Port E tion as a standard |/O port. The
. action of setting the Port E Mode -bits-is describe w.and summansed in. Table 6-2.. To
“configure the port to support the SCls, bits 2'and 3 cl Control reglster 2 should be used
This register is described in Section 9. :

64  PORTF =~

& port Fdata register-is at'location $000F and the data
)F.-Reset does not affect'the data register, but clears the data-
turnirig ‘the* port ‘to inputs.’ Wrmng & "1 i to a DDR blt sets the
tput mode , Coe ‘

Port Fis a 2-bit bisdirection
direction register (DDR).a
direction registers’ ther
corresponding port bl

Table 6-1 1/O Pin Functions

/0. Pm Function

The l/O pin‘is in input mode Data-i |s wntten into the output data latch..

1. Data is 'written into the output data latch, and output to the /O pln

0 ‘The state of the IO pln is read..

S LT The:I/O pin is in-output mode; The output data latch is read.

t Note that RAW is an internal signal, not available to the user. **

MQTOROLA = - PARALLEL INPUT/OUTPUT PORTS = MCesHCOSi8
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6.5 PORT REGISTERS

The following sections explain in detail the individual bits in the data and control registers
associated with the |/O ports.

6.5.1 Port A-Port D Data Registers ($000

Each bit can be configured as input or output via the corresponding data dire
Port DDR.

Reset does not affect the state of these registers.

6.5.2 Port E Data Register {$000C)
Each bit can be configured as input ar output via the corresp o
DDR. The alternate functions of Port E are controlle
described below.

g data direction bit in the Port E
e Port E Mode register and are

Reset does not affect the state of this register.

653  PortF Data Register {$000E)

Each bit can be configured as inp

output via the corresponding data direction bit in the Port F
DDR. '

Reset does not affect th f this register.

6.5.4 afa Direction Register (Port x DDR) (30004-$0007)

ars this register.

Port E Data Direction Register (Port E DDR) {$000D)

Writing a “1" to any bit configures the corresponding bit in the Port E data register as an output.
Conversely, writing any bit to 0" configures the corresponding Port E bit as an input.

Reset clears this register.

MC68HCO5i8 PARALLEL INPUT/OUTPUT PORTS MOTOROLA
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656 . PortE Mode Register : - S (80020)

In-addition to the DDBR,:Port.E has:a:mode register which controls the function of. each pin in
PortE. A “1" in‘a pamcular bit selects the “subsystem” while a 0" configures the pin.as
standard /0. s '

Reset.clears this register configuring all:pins in Port E as standard /0.

7 8 5. 4 3 2 1

'$0020 | ckes |Tcaps |Tcara | Tomp |woms |womz |womi

Resst 0 0O 0 -0 0 0. 0

6.5.6.1 CK88 — External clock mode for the M63000 unit

‘I (set) T Selects external cIock mode for DTACK sync oniza ninthe o
M68000 system and confrgures Port. ET i he extemal clock L
“input CLK68K to- the M68000 subsyst

VOpin DTACKis
lock. =7

O (clear) - . PortE pin 7is configured as a stam:l r
synchronised with the intern

E

6.5.6.2 TCAPB— Input Capturé B .

c Yiset) : -~ . PortE pivn 6.isicon

ted as the Tlmer,;,lnput Capture Biinput pin::
TCAPB. '

0 (clear) - PortE pin. figured as a:standard:}/O.pin. -

6563 TCAPA—I

Epln 5 is confrgured as the Tmer Input Capture A rnput pin
TCAPA. .~ -

Port E pi'n'5wi's configured as a standard I/O pin.

TCMP — OutpUt Comparé

1. (set} — PortE prn 4.is confrgured as the Tmer Output Compare output pin
‘ - TCMP: - (RSP - .

0 (cle:é'r)::'- '—' “Port E pin 4is conf"igured as a s;tahdérd‘ 110 pln

gAfTOROLA | PARALLELINPUT/OUTPUT PORTS ' 'MC68HCO5i8



6.5.65 WOMO0-3 — Wired-OR mode

~V(set)l - The corresponding Port E line (bits 0-3) is configured for Wired-OR
mode operation. .

0 {clear)- -~ Wired-OR mode is disabled

Note: Wired-OR mode can be selected when the pin functions as a standard /O pi
’ SCl pin. Bits 2 and 3 of the relevant SCI Control register 2 are-used to,
Port E-bits 0-3 to support the SCI functions. See Section 9 for furthe

Table 6-2 Port E Mode Table

Bit Value
WOMO :
WOM1 :
0 R capability on pin PE2
WOM2 1 capability on this pin

No wired-OR capability on pin PE3
.| Wired-OR capability on this pin

PE4 functions as standard I/O
Timer compare function on this pin

PES functions as standard |/O
Timer compare function on this pin

PE®G functions as standard {/O
Timer compare function on this pin

DTACK synchronised with MCU clock . .
DTACK synchronised with external clack

Port F Data Direction Register (Port F DDR} ~ {$000F)

Writing a “1" to any bit configures the corresponding bit in the Port F data register as an output.
Conversely, writing-any bit to “0” configures the corresponding Port F bit as an input.

Reset clears this register.

MC68HCO5i8 PARALLEL INPUT/ OUTPUT PORTS MOTOROLA
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6.6 OTHER PORT CONSIDERATIONS

All lnput/Output ports can emulate open-draln outputs This' is achleved by writing-a zero tothe
relevant output port latch. By toggling the corresponding data direction bit, the port pin will either
be an output zero or trl-state {an input} -Refer to Flgure 62 ‘

When using a port pin as an open-drain output certain precautions’ must be taken in the use
-software. If a read-modlfy-wnte instruction is used on a port where the open-drain is assigy
and the pin at this time is programmed as an |nput it wnII readitasa 1”. The read- modlf
instruction will then wrlte this “1" into the output data latch on: the next cycle ThIS wol
the open-draln pin not to output a “0” When desired.

SR SRS I

Note: “Open-drain”. outputé Should not«be;pulled above Vpp-'

"DDRn| Data| /O Pin |
0

' T R (Ao 1 SR E
JRO TS IR N ELb R I B : o
0‘ | -0 | tristate | Q{ma “operation

tri-state

‘I “Open-drain” :

“DDRx,Bit0=0 - DDRX, Bit0 =1
- PORTX.Bit0=0 -* PORTX Bit0=0 .

Figure 6-2. Port Logic Levels
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SECTION 7
PROGRAMMABLE TIMER

The programmable timer on the MC68HCObI8 consists of a 16-bit read-only f
with a fixed divide-by-four prescaler, plus the input capture/output com
input edges cause the current.counter value to be latched into a 16-bj
that software can later read this value to determine when the ed
running counter value matches the value in the output compare
action takes place. Refer to Figure 7-1 for a block diagram of

nning counter,
cuitry. Selected
apture register so
urred. When the free
ters, the programmed pin

The timer has a 16-bit architecture hence each specific fy al segment is represerited by two
8-bit registers. These registers contain the high w. byte of that functional segment.
Accessing the low byte of a specific timer function®gllows full control of that function; however,

an access of the high byte inhibits that specific tim function until the low byte is also accessed.

Note: "~ The l-bitin the CCR should b
of a specific timer functiopy

et whlle manlpulatmg both the high and low byte reglster
.ensure that an lnterrupt does not occr.

The various timer functions ag
bits-in the Port E Mode regf

ibled (oh their respective Port E pins) by setting the relevant
ee Section 6.5.7).

MC68HCO5i8 PROGRAMMABLE TIMER MOTOROLA
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Internal Bus

y 4 y ] Y ] 4 y
Internal . B-bit
Processor - Buffer
Clock :
: A
$10 |- 8N $14 $15 A .
High Low High Low . High Low. -+ -. High Low
Byte Byte Byte Byte - Byte | Byte “ Byte ¥ ‘Byte
Input input +4 $18 Output $12
| - Capture A, - Capture B - | o 1. g"“‘.’;‘ter' - Compare »
| " Register Register - | 1 ,' egl er‘ $19 Register .-
Y ]
Alternate ,$1 A
Counter :
— . R.egisterv $18
Edge ’
Input
(TCAPB) v
R "IEdQe Edge Overflow Output o
Iy .- Detect . Detect Detect - Compare
Circuh_A ’ Circuit B ) ~ Circuit Circuit
. Edge
Input J l 1
(TcAPA)[ T
D Q
D i CLK
) : Y Y »
[Ticar | tceF [ ocF [ ToF | r Status Register ﬂf
] ocie | To | o [iepealepas] owvi |
i $1C.: Timer Control Register
RESET
¥
Output
Lavel
(TCMP)
Figure 7-1 - 16-bit Programmable Timer Block Diagram
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7.1 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 2us if the internal bus clock is 2 MHz. The counter is incremented during the
low portion of the internal bus clock. Software can read the counter at any time without aff
its value;

7.1:1 ©  Counter Register {$18/19) and Alternate Counter Register ($1A/

$0018 . Cou Register

$0019 Low Register

$001A Alternate Counter High Register
$001B Alternate Counter Low Register
Reset: Register states not affected by

The double-byte, free-running counter can be- rom either of two'locations, $18-819 (counter
register) or $1A-$1B (alternate counter register). A read from only the less significant byte (LSB)
of the free-running counter ($19-or $1 eives the count value at the time of the read. If a read
of the free-running counter or alte counter register first addresses the more significant byte
(MSB) ($18 or $1A), the LSB i erred to a buffer. This buffer value remains fixed after the
first MSB read, even if th eads the MSB several times. This buffer is accessed when
reading the free-runnin er or alternate counter register LSB and thus completes a read
sequence of the total value. In reading either the free-running counter or alternate counter
register, if the MS r@ad, the LSB must also be read to complete the sequence. If the timer
overflow flag (T, et when the counter register LSB is read then a read of the TSR will clear
the flag.

The Alter
not

 Counter register differs from the Counter register only in that a read of the LSB does
F. Therefore, to avoid the possibility of missing timer overflow interrupts due to
5f TOF, the Alternate Counter register should be used where this is a critical issue.

ree-running counter is set to $FFFC during reset and is always a read-only register. During a
ower-on reset, the counter is also preset to $FFFC and begins running after the ascillator start-up
“delay. Because the free-running counter is 16 bits preceded by a fixed divided-by-four prescaler,
the value in the free-running counter repeats every 262,144 internal bus clock cycles. TOF is set
when the counter averflows (from $FFFF to $0000); this will cause an interrupt if TOIE is set.

MCB8HCO518 PROGRAMMABLE TIMER MOTOROLA
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72  TIMER FUNCTIONS _

The.16-bit programmable timeris monltored and controlled by a group of ten registers, fuII details
of which are:contained in the followmg paragraphs An: explanatlon of the Timer functions is-also.
glven S . ~ ST

121 Timer Control Register (TCR):

The Timer Control reglster {$1C)-is.used to enable the Input Captures {ICAIE and"I1CB;
Compare (OCIE), and Timer Overflow (TOIE) functions as well as selectmg input:
“(IEDGA and I[EDGB)-and output level polarity (OLVL).

SF G B 4.3 2 1

s001C [ ICAIE. l ICBIE [ ‘OCIE" | TOIE | IIEDGA | IEDGB
U

Reset 0 ‘o0 0. o U
7.2.1.1 _ICAIE — Input Capture A Interrupt 'Enaibl‘e"'
1 (set) - Interrupt enabled
0 (clear) ~ Interrupt disabled*: "
7.212 ICBIE — Input Capture B In
"0 {ciear)

7213 0OC

TOIE - Timer Overflow lnterrupt Enable

) 1(set) = lnterrupt enabled

0 lclea'r)j =" Interrupt disabled

%J(,)TOROLA PROGRAMMABLE TIMER MC68HC05i8



7.2.15 - |IEDGA — Input Edge A

When “IEDGA is"set, a° positive-going ‘edge on the TCAPA pin will trigger a transfer of the
free-running : counter value to the input capture register. When clear a negative-going edge
triggers the transfer.

1(set) . - TCAPA s positive-gaing edge sensitive.
O {clear) -~ TCAPA is negative-going edge sensitive.

7.2.1.6 IEDGB — Input Edge B

When IEDGB is set a positive-going edge on the TCAPB pin will
free-runnlng counter value to the input capture register. When
triggers the transfer.

2 a transfer of the
negative-going - edge

1{sett - TCAPB is positive-going edge sensitiv
O{clear) - TCAPBis negative—goin'g edge sens

7.2.1.7 OLVL — Output Level

When OLVL:is set a high output level w1|l b cked into the output level register by the next
successful output compare; and will appeag-on the TCMP pin. When clear, it will be a low level
which will appear on the TCMP pin

1(set} - A highoutpl =l will appear on the TCMP pin.

O{clear) - Alowe level will appear on the TCMP pin.

aining step is to access the register corresponding to the status bit.

7. & 5 ' 4 3 2 1 0
'omE'I'ICAF IA‘ICBF l OCF | TOF | 0 | 0 | 0 ] 0 | Timer Status Register
Reset U U U 0 (4] 0 0 ]

MC68HCODGI8 PROGRAMMABLE TIMER MQOTOROLA
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7.22.1  ICAF — Input Capture A Status Flag

~ This bit is:set:when the selected polarity. of edge is detected by-the input capture edge detector;
an.input capture interrupt will be-generated, if:ICAIE is set. ICAF-is cleared by. readrng the TSR and
then the Input Capture A Low register ($11).

1{set) - Avalidinput capture has:occurred;. .-

0 (clear) - Noinput capture has occurred.-

7.222 ICBF —Input Capture B Status Flag

This. bit is set when the selected polarity of edge is detected by the input cap
‘ an |nput capture lnterrupt Wl|| be generated if ICBIE i$ set ICBF is cleared by
then the Input Capture B Low’ reglster ($'l 5). ’ B

e cletector;

T{set) = - Avalid |nput capture has occurred L

0 (clear) - No inptt capture has occurred

7.223 OCF— Output Compare Status Flag

,n nts match those of the free- running
ed, if. OClE is set. OCF is cleared by readrng
‘ 13) :

1{sety - Avalid output.compt re has occurred.

This bit is set when the output compare regist
" counter; an output compare interrupt will be g
the TSR and then the Output:Compare: Low regi

0 (clear) ~ No output con

7224 TOF — Timer Ov

This bit is set when
interrupt will occu

running counter overflows from $FFFF to $0000; a timer overflow
|s set TOF is cleared by readmg the TSR and the counter low regrster

Tmer Overﬂow has occurred
No trmer overflow has occurred

ing the timer overflow function and reading the free-running counter at random times to
an elapsed time, a problem may aceur whereby the timer: overflow flagis unlntentlonally

ared 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. .

Readlng the alternate counter reglster instead of the counter regrster wrll avoud this potential
problem.

g/l é).T OROLA 3 PROGRAMMABLE - TIMER » 'MC68HCO5i8




7.23 input Capture Function

‘Input Capture’ is a technique whereby an external signal is used to trigger a read of the free
running counter. In this way it is possible to relate the timing of an external signal to the internal
counter value, and-hence to elapsed time. '

Note: The pins used for monitoring the external signals are the shared PE5S/TC
PE&/TCAPB pins, hence when this function is used the corresponding po
be used as a standard-l/O line.

There aré two input capture registers: Input Capture Register A (IC :

wand Input Capture
Register B (ICRB). ‘

7.2.3.1 - Input Capture Register A (ICRA)

$0010 Input Capture A High Register
$0011 Input Capture A Low Register
“Reset: Register states not affected:

16-bit Input Capture Register A are read-only, and are
counter after the input capture edge detector senses
fat triggers the-counter transfer is defined by the input edge
blts are stored in the Input Capture A High Register at $10, the
it Capture A Low registerat $11.

The twao 8-bit registers that make u
used to latch the value of the free-r
a valid transition. The level transiti
bit {IEDGA). The 8 most signifigz
8 least significant bitsin t

The result obtained fr
counter on the risi
required for inte

nput capture will be one greater than the value of the free-running
ge of the internal bus clock preceding the external transition. This delay is
chronization. Resolution is one count of the free-rurining counter, which
clock cycles. The free-running counter contents are transferred to the input
ster on each valid signal transition whether the input capture A flag (ICAF) is set or
fput capture. A register always contains the free-running counter. value that
ands to the most recent input capture A. After a read of the input capture A register MSB
($10}; the counter transfer is inhibited until the |.SB {$11) is also read. This characteristic causes
ime used in the input capture software routine and its interaction with the main. program to
termine the minimum pulse period. A read of the input capture A register LSB ($11) does not
inhibit the free-running counter transfer since the two actions occur on opposite edges of the
internal bus clock.

Reset does not affect the contents of the Input- Capture A register, except when exiting STOP
mode. {See Section 7.4)

MC68HCO5i8 PROGRANMMABLE TIMER MOTOROLA
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7.232  Input Capture Register B (ICRB)

oo [ T [ [ T 1 1 T |meucaureBhigh negier

$0015 _ k o - ' lnbut Capture B Low Register

Reset:. - : Register states not affected by. Reset -

The two 8-bit reglsters ‘that make up the 16- bit Input Capture Reglster B are read-only
used to latch the value of the free-running counter after the input capture edgé detec
. avalid transition. The level transition that triggers the counter transfer is defined by,
- bit{IEDGBY): The' 8 most- sngnlflcant bits': are stored in the Input Capture B -High Regi

‘8 least significant bits in the Input” Capture B Low Register at $15.°

“The result obtained from an input capture will be one greater than the:
counter on the rising edge of the internal bus’ cIcck preceding the exte
required for internal synchronization. Resolution is one count of 4
is four internal bus clock cycles. The free-running counter coité
Capture Regrster B on each valid signal transition whether ; nput Capture B Flag(ICBF) is set
or clear. The lnput Capture Register. B always conta s the free-running counter value that
corresponds to the most recent input capture B. After.d read of the Input Capture Register B MSB
($14), the counter transfer is inhibited until the L is also.read. This characteristic causes
the time used in the input capture software rou d its'interaction with the main program-to

- determine the minimum pulse-period. A feadof the- lnput Capture Register B LSB {$15) does not

inhibit-the free-runnmg counter transfe &' the two: actions occuf ‘on opposite’ edges of the

. mternal bus clock : e PR o o

the free-running
ansition. This delay.is
ree-running counter, which
.are transferred to the Input

Reset does not affect the conte

e Input C’ap,t;ure BHengter except,\:(l/hen 'exlt_ingy STQP“
- mode. (See Section 7.4) R : : ' o

7.24° . OutputC Funetion’- = #0
1§ a technique which may be used, for example, to geherate an output

|gna| when a specrfrc fime peériod has’ elapsed by presettlng the Output

The output pin used is the shared PE4/TCMP hence the PE4 170 pll’l functlon WI|| be
Iost when the Output Compare functlon |s enabled

g/lgTOROLA ~ PROGRAMMABLE TIMER" MCB8HCO5i8




7.2.4.1  Output Compare Register (OCR)

708 5 .4 . 3 2 1 -0

" $0012 S ’ - input Compare A High Register

$0013 Input Compare A Low Registe

" Reset: ' Register states rot affected by Reset

The 16:bit O_utbut'Cdmpare Register is made up of two 8-bit registers at locations
$13 (LSB). The contents of the Qutput Compare Register are compared with t
free-running counter continually and, if a match is found, the corresponding
(OCF} in the Timer Status Register is set and the output level (OLVL) bi
Level Register. The Output Compare Register values and the output |
after each successful comparison to establish a new elapsed timg
accompany a successful output compare provided the correspont
is set. {The free-running counter is updated every four internal

ked to the Output
should be changed
*An interrupt can also
rrupt enable bit {OCIE)
lock cycles.)

r containing the MSR {$12), the
so.written. The user must write both
e only to the LSB ($13) will not inhibit the
e of the Output Compare Register without
it is clocked to the Qutput Level Register
ear. The minimum time required to update the
the program rather than the internal hardware. Because
.Compare Register are not defined at power on, and not
when initializing output compare functions with software.

After.a processor write cycle to the Output-Compare
output compare function is inhibited until the LSB ($13}
bytes {locations) if the MSB is written first. A writ
compare function. The processor can write to ei
affecting the other byte. The output leve
whether the Qutput Compare Flag (OCF) is set:
Output Compare Registeris a functio
the Output Compare Flag and the-O¢
affected by reset, care must b
The following procedure is reg:

DUt Compare Register are readable and writable and are not altered by the timer
et. If the compare function is not needed, the two bytes of the output compare
used as storage locations.

TIMER DURING WAIT MODE

The CPU clock halts during the WAIT mode, hence the Timer stops, and holds the last count value.
On exit from WAIT-made the timer will resume counting from where it had stopped. If RESET is
used to exit the WAIT mode then the counters are forced to $FFFC.

‘MC68HC0b5i8 PROGRAMMABLE TIMER MOTOROLA
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7.4 TIMER DURING STOP MODE -

In the STOP mode all MCU clocks are'stopped hence the Timer steps counting. If STOP is exited
by an interrupt the counter retains the Iast count value. If the device is reset then the: counter is
forced to $FFFC SRR

During STOP, if at Ieast one valvd input’ capture edge occurs at e|ther the TCAPA or TCAPB p
the input capture detect circuitis armed. This does not set.any timer flags nor wake up the
When the MCU: does wake up however, there.is an active input capture, flag and data f
first-valid edge that occurred. durlng the STOP period. If the device is reset to exit S O
- then.no-input capture flag or. data remains, even.if a valid input capture edge occur

7‘,5» ; TIMER STATE DIAGRAMS

ents and the status of 't‘h‘e
he sngnals Iabelled |nternal"

The relationships between the mternal clock srgnals the counte
ﬂag bits are shown in the followmg flgures It should be note
(Processor clock tlmer clocks and Reset) are not ava|labl ’
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el L LU LU L L L LT LT
Processor Clock ] —'r— m
1
{Internal Reset). . —————— |
N
mju—m} , M M r
| I i1
Internal To1
Timer . - . .
Clocks T10~ . _] m I_‘
- ) n or external
T11 I_l
Cotorciobin | swec X s> X s
External RESET
or end of POR
Figure 7-2° Timer State Timing Di or Reset
Internal
Processor Clock
T00
01— | M M il
Internal .
Timer |—| H ["'I
Clocks | T10 Note: If the input
™ Bl [ edge occurs inthe
. ) ) shaded area from one
: y timer state T10 to the
Counter (16bit)  gFFEB X X $FFED X $FFEE X $FFEF next timer state T10

then the input capture
flag will be set during

WM - the next T11 state.

Broox X ) $FFED

Input Capture
Flag

/

Figure 7-3 Timer State Timing Diagram for Input Captures
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internal
Processor Clock

mn_
Internal +01ﬂ ‘ - L
dove | oL 1

" Counter (16-bit) 'sFFe'BX” “$FFEC X " $FFED;

Compare Register """

Compare Register .
© Latch

Output Compare
Flag {OCF) and
TCMP

NOTE 1: The CPU write to the compare registers may take pla
- timer state T01. Thus a four cycle difference may
and the actual compare,

NOTE 2: - Internal compare takes place during timer
NOTE 3: . OCF is set at the timer state T11 that follo

y time, but a compare only ocours at
t batween the write to the compare register

thescomparison match (SFFED in this example).

Figure 7-4. Timer Stét\ ing Diagram fo"r Output Compare

“ Internal
Processor Clock

~Internal . | .

M i B
Timer L
Clocks [ e 1 [
ter (16511 SFFFE )L SFFFE )( Cs0000 X 0001 X $0002
Timer Overflow e ) S /

NOTE: The‘TOF-b‘it is set at timer state T11 (transition of counter from $FFFF to $0000). ’
Itis'cleared by a read of the timer status register during the:internal processor
~ clock high time followed by a read of the counter low register.

Figure 7-6 Timer State Timing Diagram for Timer Overflow
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- SECTION 8
CORE TIMER

Besides the 16-bit timer on the MC68HCO5i8, there is a 15-stage ripple countercalled the Core
Timer (CTIMER). Features of this timer are: Timer Overflow; Power-On Reset R); Real Time
interrupt (RTI), with four selectable |nterrupt rates; and a Computer ting Properly (COP)

watchdog timer.

As seen in Figure 8.1, the timer is driven by the internal bus ¢lo
prescaler. This signal drives an 8-bit ripple counter. The valué
read by the CPU at any time, by accessing the CTIMER C
A timer overflow function is implemented on the las
interrupt at the rate of fop/1024. (The POR signal is's
The Counter Register circuit is followed by fou
driving the Real Time Interrupt circuit. The RTL consists of three divider stages with a 1-of-4
selector. The output of the RTI circuit is further divided by 8 to.drive the COP Watchdog Timer
circuit. The RTl rate selector bits, an: the\PTl and CTIMER overflow. enable bits and flags are
focated in the _CTIMER Control and s Register (CTCSR) at location $08.

CTOF (Core Timer Overflow Fla

counter rolls over from $F
Clearing the CTOF is don
value. Reset clears CTOFR

ded by four with a fixed
this 8-bit ripple counter can be
egister (CTCR) at address $09.
ge of this counter, giving a possible
o derived from this register, at f5p/4064.)
stages, with the resulting clock (fop/16384)

arable, read-only status blt andis set when the B-bit ripple
0. A CPU interrupt request will be generated if CTOFE is set.
ting a "0” to it. Writing a “1" to CTOF has no effect on the bit's

When CTOFE (Cot er Overflow Enable) is set, a CPU interrupt request is- generated when the
clears CTOFE.

ounter Register (CTCRY} is a read-only register that contains the current value of
ple counter at the beginning of the timer chain. This counter is clocked at fop/4 and
for various functions including.a software input capture. Extended time periods can
att ned using the CTIMER overflow function to increment a temporary RAM storage location
by simulating & 16-bit {or- more) counter.

The poweér-on cycle clears the entire counter chain and begins clocking the counter. After 4064
cycles, the power-on reset circuit is released, which again clears the counter chain and allows the
device to come out of reset. At this point, if RESET is not asserted, the timer will start counting
up from zerp and normal device operation will begin. When RESET is asserted at any time during
operation (other than PORY, the counter chain will be cleared.

MC68HCO05i8 CORE TIMER MOTOROLA
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Internal Bus

internal processor clock
{fosc/2, /4 or /8)

"$09 CTCR
Core Timer Counter Register

i

fop/f210

... T-bitcounter ...

Tt e

‘ RN ] v |

T oveiow |1 RTI Select Circuit '1_— i
CDetect | - - [ o

Cireuit 27 |5

“coP| -
clear

: -$08 CTCSR .
2 AR  CTimer Control & Status Register

ic /OF| ‘RTIF: C-TOFEI'.HTIE | o | -0 I R A | C(SPW;t;;hdog o
- ¢ N B IR L Time}r.,;t‘ e

, A8
I- -« Interrupt Circuit, - ¢ .
"To Reset

Logic

I | ~~ To Interrupt Logic

-1 Core Timer Block Diagram.

8.1 TIME INTERRUPTS (RTI)

T h.eA
fre

e lnterrupt cnrcu»t consists: of a three stage d|V|der and a 1-of-4 selector The clock
y that drives the RTI circuit is foplz” {or fop/16384), with three additional divider stages;
a8 maximum interrupt penod of 4 seconds ata bus frequency (fop) of 32kHz. Reglster details
re gtven in Sectlon 8 3 '

MOTOROLA e CORE TIMER , MCB8HCOSi8
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8.2 COMPUTER OPERATING PROPERLY {COP} WATCHDOG TIMER

The COP watchdog timer function is implemented by taking the output.of the RTI circuit and
further dividing it by eight, as shown in Figure 8-1. Note that the minimum COP timeout period is
seven times the RTI period. This is because the COP will be cleared asynchronously with respect
to the value in the Core Timer counter register/RTl divider, hence the actual COP timeout per
will vary between 7x and 8x the RTl period. -

The .COP function is a mask option, selectable via the Mask Option register d
manufacture.

If the COP circuit times out, an internal reset is generated and the normal res is fetched.
Preventing a - COP time-out is done by writing a 0" to bit 0 of address § When the COP is
cleared, only the final divide by eight stage is cleared {see Figure 8-1 '

8.3 CORE TIMER REGISTERS

8.3.1 Core Timer Control and Status Regi (508)

~RT1 RTO

$08 . CTOF RTIF - | CTOFE
: ‘Reset 0 0

8.3.1.1  CTOF — Core Tim

Timer Counter register rolls over from $FF to $00;.an interrupt
TOFE is set. When set, the bit may be cleared by writinga “0” to it.

This bit is set when th

request will be gener:
1 {set) re Timer Overflow has ocvcurred.

No Core Timer Overflow interrupt has been generated.

8.3, TIF — Real Time Interrupt Flag

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

1{set}] - A Real Time interrupt has occurred.
0 (clear} — ~No Real Time interrupt has been generated.
MCB8HCO5i8 CORE TIMER MOTOROLA
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k8.3.1‘.3. : CTOFEi'—-;,-‘T,(.:orel.’I'lmer.derfIQW, Enéble_i

Setting this bit enables the Core"ﬁmeerverﬂow Interrupt. A CPU interrupt request will then be
‘generated: whenever the:-CTOF. b|t becomes -set. Clearmg this  bit dlsables the Core:Timer
Overflowunterrupt capabllrty S IR TR , R ‘

Bl (set) Core Tmer Overflow mterrupt |s enabled

0 (cle‘ar):v : Core Tmer Overflow mterrupt |s dlsabled

8.3.14 RTIE -— Real Time Interrupt En_ab_l»e

be generated
rrupt capability.

Settrng thls bit enables the’ Real Tme IM rupt A CPU 1nterrupt request will,
whenever the RTIF blt becomes set Clearmg ‘this brt dlsables the Real Ti

1(set) - Real Time rnterrupt is enabled:

'0(clear) — ' Real Time |nterrupt is disabled. -

8 3, 1 5  RT1:RTO — Real Time Interrupt Rate Select

nterrupt crrcurtry Reset sets both RTO
herefore the maxnmum time in which to
Iso-determined by these twao bits. Caresh_ould
eolt is imminent, or the timeout period is uncertain.
».in which the‘counteris switching, an RTIF could-be
erated. To avoid:problems, the COP should be cleared
s 8-1 for some example RTI periods.

These two bits select one of four taps from the R
and RT1 to one, selecting the lowest perlodlc
alter themif necessary. The COP reset times: are
be taken when altering RTO and RT1. if a ti
If the selected tap is modified during a
missed or an additional one could
before changing the RTl taps. Se

Table 8-1 Exampie RTI Perlods

SR RTI Period at.a Bus
"RTo | Division Frequency of:

Ratio ' ,

” 16.384kHz . 2.097MHz

o 2" s 78ms

A 2% 2s | 156ms
0 28 olas | 313ms

1 A fee 2 s u8s | 625 ms

MOTOROLA L " CORE TIMER E MCB8HCO5i8

84




8.3.2 Core Timer Counter Register (CTCR) ($09)

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

Reset clears this register.

8.4 CORE TIMER DURING WAIT

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

MER interrupts
IT mode.

85 CORE TIMER DURING STOP

The timer is cleared when going into STOP mode. W
or an external reset, the internal .oscillator wil
stabilisation delay {tpog ). The timer is then cle

TOP is exited by an external interrupt
tart, followed by an internal processor
operation resumes.

i

MC68HCO5i8 CORE TIMER MOTOROLA
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SECTION 9
SERIAL COMMUNICATIONS:INTERFACE

The SCl can
U orto form a
The -MC68HC05i8
ation of each SClis
Sontrol registers 1 and 2 are
rs 1 and 2 are at locations
egister, SCI1 at location $0023
and transmit data-independently.
bit data at 9600 baud while SCI2 can
se of the identical nature and operation of
this manual. Both units are covered in the

This section describes the UART type serial communications interface syste
be used, for example, to connect a CRT terminal or personal computer to #
serial communication network connecting several widely distributed
has two independent SCI subsystems — SCI1 and SCI2. The integ
identical, with each unit having its own set of control registers. S
at locations $0024 and $0025 respectively, and SCI2 Contral eg
$002C and $002D. Each of the SCI units has its own Baugd
and SCI2 at location $002B, which allows each unit to,
For example, SCI1 can be set up to receive and transmit.
receive and transmit 9-bit data at 19,200 baud. E |
each unit, only a description of SCI1 is prow
register summary.

reouted through Port E bits 0-3. Bit-0 and bit 1.are the
nd TX1), while bit 2 and bit 3 are the receive and transmit
either or both of the fransmitters or receivers are disabled,
andard I/O. If open drain operation is required for either of
nied by writing to the WOMX bit'in the Port E mode register. (See

The external signals for the SCI blocks
receive and transmit pins for SCI1 (R
pins for SCI2 (See Figure 9-1)
the respective pins can be u
the transmitters, it can be
Section 6.2.)

9.1 ERVIEW AND FEATURES

The the MC68HCO5i8 is a full duplex UART type asynchronous system. The SCI uses
stan, on-return-to-zero (NRZ) format (one start bit, eight or nine data bits, and one stop bit).
oh-chip baud rate generator derives standard baud rate frequencies from the MCU oscillator.
h the transmitter and the receiver are double buffered so back-to-back characters can be
andled easily, even if the CPU is delayed in responding to the completion of an individual
character. The SCI transmitter and receiver are functionally independent,‘ but use the same data
format and baud rate.

MCB8HCO5i8 SERIAL COMMUNICATIONS INTERFACE MOTOROLA
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9.1.1  SCITwo-wire Systerﬁ‘Features :
e Standard NRZ {mark/space) format. -

¢ Advanced error detectlon method includes noise detection for noise duration of up to 1/1 6th
bit time

e Full-duplex operation

e Software programmable for dhe‘]"ef'32'_‘different baudrates: - .
. Software selectable word Iength (e|ght or nine blts)

. Separate transm|tter and recelver enable blts

N

o Capable of belng interrupt driven™

. Four separate enable blts avanlable for mterrupt control

9.1.2.  SClReceiver Features .~~~

- Recewer wake up functlon (|d|e Ime or address blt)

o ldle. Ime detect:

*  Framing error detect
“,i’.f”»Nmse detect SR
. 'Overrun detect

» Recelver da;i’ v' ,; i

MOTOROLA SERIAL COMMUNICATIONS INTERFACE MCE8HCO5i8
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9.2 FUNCTIONAL DESCRIPTION

A block diagram of the SCl is shown in Figure -9-1.The user has option bits in serial control
register 1 {SCCR1) to select the “wake-up” method (WAKE bit).and data word length (M bit} of
the SCl. Serial communications-control register 2 (SCCR2) provides control bits which lndlwdually
enable/disable the transmitter or receiver (TE and RE, respectively), enable system interrupt
TCIE, ILIE) and provide the wake-up enable bit (RWU) and the send break code bit {SBK
bits in the baud rate register (BAUD) allow the user to select one of. 32 different baud
transmitter and receiver.

Data transmission is initiated by a write to the serial communications d gister (SCDR).
Provided the transmitter is enabled, data stored in the SCDR is transferred. to the transmit data
shift register: This transfer of data sets the transmit data register em ag (TDRE) in the SCI
status registéer (SCSR) and may generate an interrupt if the transm efrupt is enabled. The
transfer of data to the transmit data shift register is synchroni ith the bit rate clock
(Figure 9-2}. All data is transmitted |east significant bit first.- Up mipletion of data transmission,
the transmission complete flag (TC) in the SCSR is set ( “no. pending data, preamble or
break is to be sent), and an interrupt may be genera e -transmit complete interrupt is
enabled. If the transmitter is disabled, and the data, p e or break (in the transmit data shift
register} has been sent, the TC bit will also be sety, This will ‘also generate an interrupt if the
transmission:complete interrupt enable bit (TCI . If the transmitter is disabled in the middle
of a transmission, that character will.be comy ‘before the transmitter gives up control of the
TX pin. : ‘

When SCDR is read, it contains the a byte recelved provided that the receiver is enabled.
The receive data reglster full flag bit{RDRF) in the SCSR is set to indicate that a data byte has

been transferred from the in t shift register to the SCDR, which can cause an interrupt if
the receiver interrupt is enab data transfer from the input serial shift register to the SCDR
is synchronized by the r but rate clock: The OR {overrun}, NF (noise), or FE {framing) error
flags in the SCSR may f data reception errors occurred.

MC68HCOS5i8 SERIAL COMMUNICATIONS INTERFACE MOTOROLA
I '- 9-3



JInternal Bus

<. SCl'Interrupt,

 senRe Trénémit Déia
SCDR. Register

P Transmit Dataf -+ ¢
-, | Shift Register |.-

e [ Receive Data
SC';I'(I:SZ 1 *Register’

1]

S e A
: SB( ( B

| Transmit|. | - Flag
Control { -+ -] Control

R Internal:
— Processor

rT L ¥

~ I MHIWAk;E‘I“ - 'I -1 -Isccm :

thé: T mumcatlons Data Heglster (SCDR) |s oontrolled hy the |nterna| R/W sngnal lt is the transmlt

ster when writtén and the reoelve data regrster when read

Figure 9-1 Serial Communications lnten‘ag:e Block Diagram

Bus S SCl
Frequsncy . R ""Receive
- top) i Clock
Oscillator . © SCPO-SCP1 SCRO-SCR2 | (RT) [ scl
Frequency —= 42,4018 . > SCI Prescaler ™| . SCl Rate »l:16 » Transmit
< Afosd L : | Select Control || Select Control} . - . Clock (Tx)*
’ ' o +N .+ M '

Figure 9-2 - Rate Generator Division
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93 DATA FORMAT

Receive data or transmit data is the serial data that is transferred to the internal data bus from the
receive data input pin {RX) or from the internal bus to the transmit data output pin {TX). The
non-return-to-zero {NRZ) data format shown in Figure 9-3 is used and must meet the following
criteria: :

- Theidle line is brought to a logic one state prior to transmission/reception of
a character.

— A start bit (logic zero) is used to indicate the start of a frame.
— The data is transmitted and received least significant bit first.

— Astop bit {logic one) is used to indicate the end of a frame. A f
" of a start bit, a character of eight or nine data bits, and a stg

- A break is defined as the transmission or reception of a,
~ at least one complete frame time,

Control Bit “M”
Selects
8- or 9-bit Data

idle Line 6 6 7 8 0

Stop Start

vtels). of each message. The wake-up function allows receivers not addressed to. remain
ormant state for the remainder of the unwanted message. This eliminates any further
goftware overhead to service the remaining characters of the unwanted message and thus
mproves system performance.

The receiver is placed in wake-up mode by setting the receiver wake-up bit (RWU) in the SCCR2
fegister. While RWU is set, all of the receiver related status flags (RDRF, IDLE, OR, NF, and FE)
are inhibited (cannot become set). Note that the idle line detect function is inhibited while the
RWU bit is set. Although- RWU may be cleared by a software write to SCCR2, it would be unusual
to do so. Normally RWU is set by software and is cleared automatically in hardware by one of the
two methods described below.

MC68HCO5i8 SERIAL COMMUNICATIONS INTERFACE MOTOROLA
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9.4.1  Idle Line Wake-up

In idle line-wake-up mode, a dormant receiver wakes up as soon as the RX line becomes idle. |dle
is defined as a continuous logic high level on the RX line for ten {(or eleven) full bit times. Systems
using this type of wake-up'must provide at least one character time of idle'between messages to

wake -up sleeping receivers, but must not-allow any idle time . between characters wrthln a
message. :

9.4.2 Address Mark Wake-up

In.address mark wake-up, the most srgmfrcant b|t (MSB) ina character is used to
itis an.address (1) ora data {Q) character Sleeplng receivers will ‘wake up
character is received. Systems usmg thrs method for: wake up w0u|d s
character of each message and leave it clear for ail other characters i
may be present within messages and noiidle time is requrred between
method

hever an address
SB of the first
néssage. Idle periods
ages for this wake-up-

9.5 RECEIVE DATA (RX)

Receive data is the serial data that is applied throtigh the input line and the serial commurications
interface to the internal bus: The receiver gircuitry clocks the input at a rate equal to 16 times the
baud rate and this time |s referred to a T clock:

Once a valid start bit is detected
times at RT intervals 8 RT, 9 R
as shown'in Figure 9-4, The v
~ of the majority of the s

art bit, each data brt and the stop bit are sampled three
RT(1RTis the position where the bit is expected to start),
f the bit is determined by voting logic which takes the value

Previous Bit

Present Bit Samples ' Next Bit

V VoV
8 9 10 16 1
ROR R, R'R .
o1 7T
" Figure 9-4 Sampling Technique Used On All Bits -
'MOTOROLA  SERIAL COMMUNICATIONS INTERFACE ~MC6BHCO5i8
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9.6 START BIT DETECTION

When the RX input is detected low, it is tested for three more sample times {referred to as the
start edge verification samples in Figure 9-b). I at least two of these three verification samples
~ detect a logic zero, a valid start bit has been detected, otherwise the line is assumed to be idle.
A noise flag is set if all three verification samples do not detect a logic zero. A valid start bit could
be assumed with a set noise flag present.

1 there has been a framing error without detection of a break (10 zeros for 8-bit forma
. for 9-bit format), the circuit continues to operate as if there actually was a stop bi
edge will be placed artificially. The last bit received in the data shift register is jm
one, and the three logic one start qualifiers {shown in Figure 9-5) are forced
register during the interval when detection of a start bit is anticipated (s
the start bit will be accepted no sooner than it is anticipated.

| hé start
ed to a logic
e sample shift

re 9-6); therefore,

t bit will not be artificially

“If the receiver detects that a break produced the framing error, th
@ the start bit can be recognised

induced and the receiver must actually detect a logic one bef
(see Figure 8-7).

16x Internal Sampling Clock

RT Clock Edges {For all three ekamples) 2 3 4 5 6 7 8
) R--R R R R R R R
idle T 7T T- 7T T T T 7T
Start
1 1 1 o] 0 0 0
Start Start Edsqe
Qualifiers Verification Samples
Noise
Start
1 1 1 0 0 1 0
Start
1 1 1 0 0 4] o
Figure 9-5 Examples of Start Bit Sampling Techniques

MCe8HCO5i8 SERIAL COMMUNICATIONS INTERFACE MOTOROLA
g o-7



<+——Data—»

f—Expected‘, Stop—>1 - Ar‘tifzic_a!yrEdge'

‘Receive. -
- Dataln . -]

A

< Data—m>

_StartBit|
R -«—Data—"

e
Data -
Samples

a) Case 1 Recelve Lme Low Dunng Artlflmal Edge ,

<f—Expectedv‘S:fop—¥> |

. Receive

Data In

{b) Case 2, Receive vLine Hi

Fig

< Expected Stop—
<——Break—w

ure 9-6 SC| Ar

<—Data— =

[ T [}
R
- Data
Samples:

ring Expec‘t,e',dAStart Edge
I'Start Following a Framing-Error

Detected as Valld
Start Edge

ng: Il\rlwe Start Blt
Lv—‘ '—v-J i '—v—,J
1 1 Start  Start Edge
Qualifiers Verification
' Data Samples ; ' Samples
Figure 9-7. SCI Start Bit Following a Break
MOTOROLA SERIAL COMMUNICATIONS"INTER_FACE MC68HCO5i8
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9.7 TRANSMIT DATA (TX)

Transmit data is. the serial data from the internal data bus that is applied through the serial
communications interface to the output line. The transmiitter generates a bit time by using a
derivative of‘the RT clock, thus producing a transmission rate equal to 1/16th that of the receiver
sample clock. )

9.8 SCI REGISTERS

Primarily the SCI system is configured and éont_rolled by five registers; B 'SCCR1, SCCR2,
SCSR, and SCDR. Reference should be made to the block diagram s

9.8.1 Serial Communications Data Register (SCDR)

The SCI data register (SCDR) shown in the following fit
- When SCDR is read, the read-only receive data register‘
the write-only transmit data register is accesse

re#is actually two. separate registers.
accessed and when SCDR is written,

oo [T T T To [ T T Jsor

Reset

MCB8HCO05i8 SERIAL COMMUNICATIONS INTERFACE MOTOROLA
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9.82.1 R8—Receive DétaBﬁB X

Thls read-only bitiis the: ninth serial data bit received when the:SCl system is conflgured for nlne
data bit operation (M =1}. The most sugmflcant bit {bit 8) of the received character is transferred..
into this bit at the same time as the remaining;eight bits (blts 0-7) are transferred from the senaly
receive shifter to the SCl receive data reglster

9.8.2.2 T8 — Transmit Data Bit8

This read/write bit is the ninth data bit to be transmitted when the SCl systemiis. cc
nine data bit operation (M =1). When the elght low order bits (bits.0-7) of a tr.
are transferred from the SCI data reglster to the serial’ transmlt shn‘t regnste
transferred to the ninth bit position of the shlfter

9.823 M- Mode (select (':haractér:f,drjma,t)i L

The ‘read/write. M-bit: controls the_-c;he’ar?éter»length_fo,r,bq nsmitter.and receiver at the
same time. The Sth databit is most.commenly used.as an top bit or.in conjunction wuth the '
“address mark” wake-up method. It can also be used parity bit.

1(set) -~ - ‘startbit, 8 data, 9th data bi
0 (clear)” = . start bit, 8 data bits;”1 sto

9.824 WAKE — Wake-up Mod

‘The WAKE‘ bit can be read or wii
| oo Tset)  ~ W

‘any time;-~
n"address mark.
0 (clear) - - on idle line.

9.8.3 ial Co mdhiéati.ohs‘c‘dhtr'ol Reglster 2 (éCCRZ)I

The SC |.register 2 (SCCRZ) is a read/wrlte reglster that provrdes the control bits which
sable mduvndual el func’uons ; ‘

6 5. T2 Ea | Y0

$0025 [ TIE ] TCIELHIE I ILIE | TE | HET kul SBK ]sccaz
Reset o 0 0 ... 70 0
MOTOROLA SERIAL COMMUNICATIONS INTERFACE -~ MC68HCO5i8
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9.8.3.1  TIE — Transmit Interrupt Enable

1 (set) -  TDRE interrupts enabled
O (clear) — * TDRE interrupts disabled

9.8.3.2° TCIE — Transmit Complete Interrupt Enable
1{set)} - TCinterrupts enabled
Ofclear) — TC interrupts disabled
9.8.3.3 . RIE — Receiver Interrupt Enable
v _ 1(setl - RDRFand OR interrupts enabled
0 (clear) - RDRF and OR interrupts disabled
9.8.3.4 - ILIE — Idle Line Interrupt Enable
1 {set}) - - |IDLE interrupts-enabled

O(élear) - IDLE ihterrupts disable\

9.8.35 TE — Transmitter En

1(set)] - Port

0 (clear) -~ n 1 is configured as a-standard I/O pin.

the last n.the serial communications data register and receiving the TDRE flag, the user ¢an

clear T
' the TX pin. While the transmitter is active, the data direction register control for Port £
erridden and the line is forced to be an output. '

MC68HCObi8 SERIAL COMMUNICATIONS INTERFACE MOTOROLA
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9.836 RE —Receiver Enable

1(set) -~ PortE p:in Ois conﬁgured as the SCI1: receive input pin RX1

O (clear) — PortE p|n O.is conflgured asa standard 1O pin..

.. ‘When the receiver enable bit is set, the-receiver is enabled When RE is clear the receiver s,
disabled and all the status bits associated :with: the receiver:(RDRF, IDLE, OR, NF and FE)

inhibited. While the recelver is enabled, the data dlrectlon reglster control for Port E b
- overridden and the: Ilne is forced to be an input.” St e

_ 9837 RWUe—Re,céiver Wake-up:

When the receiver wake-up bit is set by the user software, it puts the.
enables the wake-up function. If the WAKE bit is cleared, RWU is cl
receiving 10 (M = 0} or 11 {M = 1) consecutive ones.’ fthe WAKE bi
the SCl logic after receiving a data-word - whdse MSBris set:: -

the SCl logic after
RWU is'cleared by

9.8.338 SBK = Send Break

itter sends™10:(M = 0} or 11 (M = 1)
fefmains set, the transmitter will continually
red: At the completlon of the: break code,
it to”guarantee recognition of a valid start bit. If the
ng and clearing SBK.is likely to-queue two character
sfers almost nmmedlately to the shift reglster and the
nsmit-buffer. 0

- If the send break bit is toggled set and: cleared th
zeros and then reverts to idle sendlng data. If SB
send whole blocks of zeros (sets of 10°0r 11)
the transmitter sends at least one high
~transmitter is currently empty and idle, -
times of break because the first b
second is then queued:into the p

] "?.'| ‘%oR‘Ff | [on [w [ [0
~1>. .1 e . 0.0 0

'8.41 TDRE — Transm|t Data Reglster Empty Flag
Thls bit is 'set when the byte in the transmlt data register is transferred to the serial shrft register.

 New data will not be transmitted unless_ the SCSR reglster is read before wrmng to.the transmit
data register. Reset sets this bit.

~ MOTOROLA ~ SERIAL COMMUNICATIONS INTERFACE MCB8HCOSi8
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9.84.2 . TC — Transmit Complete Flag

This bit is set to indicate that the SCI transmitter has no meaningful information to transmit (no
data in shifter, no preamble, no break). When TC is set the serial line will go idle {continuous
MARK). Reset sets this bit.

9.8.4.3  RDRF — Receive Data Register Full Flag

This bit is set when the contents of the receiver serial shift register are transferre
data register.

9.8.44 IDLE — ldle Line Detected Flag

minimum of -ten/eleven
hen the RWU bit is set. Once
t, (until after the line has been

This bit is set when a receiver idle line is detected {the recei
consecutive “1"s). This bit will not be set by the idle line cond
cleared, IDLE will not be set again until after RDRF has
active and becomes idle again).

9.84.5 - OR— Overrun Error Flag

This bit is set when a new byte is ready to beitransferred from the receiver shift register to the
receiver data register-and the receive data tegister is already full (RDRF bit is set). Data transfer
is inhibited until this bit is cleared.

9.8.46 - NF —Noise Er

s on'a “valid” start bit, a’ny of the data bits or on the stop bit. The NF
cycle as the RDRF bit but does not get set in the case of an overrun

This bit is set if there
bit is set during th

9847 Framing Error Flag

s set when the word boundaries in the bit stream are not synchronized with the receiver

nter (generated by the reception of a logic zero bit where a stop bit was expected). The FE

it reflects the status of the byte in the receive data register and the transfer from the receive

*shifter to the receive data register is inhibited by an overrun. The FE bit is set during the same
cycle as the RDRF bit but does not get set in the case of an overrun (OR). The framing error flag
inhibits further transfer of data into the receive data register until it is cleared.

MC68HC05:8 SERIAL COMMUNICATIONS INTERFACE MOTOROLA
, : , 913



8.85 Baud,Rafe Register (BAUD)..

The baud rate reglster (BAUD) is'Used to set the blt rate for the SCI system.-Normally this register
is ‘written once,” during’ ifitialization; ‘to"'set. the baudrate for SC| communications; Both the
receiver and the transmitter use the same baud rate which is derived from the MCU bus rate
“clock. A two stage divider is used to develop custom -baud rates from normal MCU crystal
frequenmes s0 it is not necessaryto| use spemal baud rate crystal frequenmes

7. 6 5 4 3. 2 10
soozs [ - | o [seri |'scro | = | scre | scmi | scro |eaup

Reset = - . 0 o o0 - u u u

9.8.5.1 SCP1, SCPO—SenaI Prescaler Select blts o

hown in T able 9-1.
.the SCl rate select bits

These read/wnte bits determme the factor by Wthh the E clock is dlvf
This-prescaled output. provides an input to.a divider that is, _controll
{SCR2-SCRO0). ' v

9.85.2  SCR2, SCR1, SCRO—~SCl'Rate Select bits
These three read/write L
prescaler output descr

J&ct the baud rates for both the transmitter and the receiver. The
bove is divided by the factors shown in Table 9-2.

Table 9-2 Second Prescaler Stage”

Sl e _ SCl Rate Select
o :?SCT ; ' OSCR,O . Dwnsmn Ratno M)
0 St 0 a4
0. 1 o S8
A 0 0 16
© 10 0 64
1 1 ] 128
MOTOROLA ' - SERIAL COMMUNICATIONS INTERFACE : MC68HCO05i8
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SECTION 10
Vi68000 INTERFACE MODULE

The M68000 interface module is designed to allow efficient communicat
MC68HCO5i8 MCU and an M68000 bus. Throughout the following sec
device is referred to as the as the “MCU" and the M88000 as the “Ho
four pairs of -independent transmit and receive channels, ea
asynchronous buffer-operating as a FIFO system (see Figure 10-1
interrupted, under software control, when the buffer is full or
shows the buffer system between the MCU and the Hog
transferred between the MCU and Host can be obtaineg’

etween the
MCG68HC05i8
thin the module are
isting -of a 4-byte
e MCU or the Host can be
n a byte is received. Figure 10-1
er information on-how data is
ection 10.4. '

10.1 M68000 BUS INTERFACE PI vSCRIPTIONS

10.1.1 DTACK

The tri-state active-low ope
during read and write cy

ata Transfer Acknowledge (DTACK) output signal is asserted
ndicate the proper transfer of data _between_the MCU and the

10.1.3 - RS1-Rs4

The register select lines select the MCU internal registers during read/write operations. These
lines are usually driven by four of the MBS00O address bus fines.

MCB8HCO5i8 M68000 INTERFACE:-MODULE MOTOROLA
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10.1.4 ° RW6SK

" The read/write input pin, RW68K is driven high by the Host when it reads and low when it writes.
Read or write cycles are initiated by asserting the chip select mput (CS).

10.1.5 . CLK68K

- When configured to support‘th‘e MB8000 interface module, Port E bit 7 serves as the &
input. This pin selects the external-clock mode of the M68000 subsystem whereb 3
pm is synchromsed to an external clock sugnal applled to thls pln :

1016 CS

e Host'and:MCU on data
egister select inputs RS1 to
mpedance state.

The active low CS (Chip Select) irput enables data transfe_rs'betwéenx
lines DO to D7. Data transfers are controlled by RW68K, CS a
RS4. When CS is high the data lines DO to D7 are placed ifi thi

10.1.7  Data Bus Lines (D0-D7)
These bi-directional tri-state data |ines are.use sfer commands, data and status between
the M68000 processor and MCU. DQ is the

102 ' DATA ACKNOWLEDGE (DTACK) DELAY =~

The total Host bus ac :
bus-accesses-are asyhchronous with respect to the MCU it is necessary to prov;de a defined
¢ CS asserted to DTACK asserted To achieve this an on-chip clock: delay

‘Note: -~ Fora write cycle, if CS is hegated within one clock cycle of it being recognised (i.e. the
first rising edge of the clock), then DTACK thay not bergenerated. In this case data will
be latched on the negating edge-of CS .

MOTOROLA . M68000 INTERFACE:MODULE MCB8HCO5i8
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10.3 INTERRUPT ACKNOWLEDGE CYCLE

When the IRQ68K pin is asserted it indicates that an interrupt condition has occurred. This pin
remains asserted until the Host responds to. the interrupt and reads the data register of the
channel which issued the interrupt.

MCU o . . M68000

: Host
Data Bus $30 ADRWO05S E& $04 ADRRH

[ Fro 1

$34 ADRROS $00 ADRWH
FIFO -

$31.BDRWOS $05 BDRRH
S L

$35 BDRRO5S $01 BDRWH
- FIFO -

{
e {
$32 CDRWOS  [—————, $06 CORY
o
o{[:

Channel A

Channel B

T rfr0 |

$36 CDRROS
FIFO

Channel C

Channel D

MCcu

$38 ASR05 $08 ASRH HOST

$39 BSR05 $09 BSRH

$0A CSRH

$0B DSRH

Channel D Status Register

$3C ISRO5 $0C ISRH

f«¢——] Interrupt Status Register

$3D IMRO5 $0D IMRH
Interrupt Mask Register

$3E MR0S $OE MRH

[<e——2—| Mods Register || Mode Register |<—w=

Figure 10-1 M68000 Interface Module block diagram

MC68HCO5i8 M68000 INTERFACE MODULE MOTOROLA
10-3



104  DATA AND CONTROL/STATUS REGISTERS .

Communication between the: MCU and- the Host is achieved .via four independent transmit
channels- (A-D) and four independent receive channels (A-D). Data is sent by one party to a
transmit channel {Data Write Register) ‘and can be read from the corresponding receive channel
~ {Data Read Register) by the other party. Control of the data being transmitted and received i

achieved via a set of seven control/status registers — Mode, Interrupt Mask, Interrupt Status ark
four Channiel Status Reglsters (See Flgure 10-1).

Each party. has access to the control and status registers at separate. address Iocatlo
own.memory map. With" the exceptlon “of the Made Reglsters where there is
register for the MCU “and another for- the Host, all-the reglsters are |mplem 3
_registers snmultaneously accessible by both the’ MCU and the Host. Within e
is implemented as a dual ported RAM bit and acts. as-a receive bit fg
correspondlng transmit bit for the other party. In this way, both devi
control and status mformatlon For example, an action by the-Host: wh%
(TRDY) bit in'one ofits channel status registers, can be readimime
ready (RRDY) bit set in its correspondmg channe! status reg|s

€ party and the
1 access. the same
ts a transmitter ready -
ly'by the MCU as a receiver

" The MCU control and data registers: are mapped mto ‘the MEBEHCO5i8 me'mer'y map at location

$0030 to $003E as shown in Table 10+ 1. R SHEFE &

55 spaCe as shown in Table 10-2 and can
on the MB800Q interface' module.

The Host reglsters are mapped into the M68000
be accessed using the Register Select lines (RS

nly one descrlptlon for each physxcal reg|ster or b|t

Note: - In the following sections the
3 e is glven f|rst foIIowed by the Host name.

Where applicable, the

~ MOTOROLA | M68000 INTERFACE MODULE MCB8HCOSi8
10-4 | R | | o MC68HCO5i8




Table 10-1.. MCU Data and Control/Status Registers

Address | Bit7

Bit6

Bit5'

Bit4 | Bit3 Bit2 | Bit1 Bit o

Register Name

$0030

MCU Channel A Data Write Register

(ADRWOS)
$0031 Mcu Channe(IBBD FD“e;\tle(l) \é\)lrite
$0032
$0033
oo (ADRROS)
$0035 . hanne(lBBDl;;tca;sI?ead Register
.30956 MCU’Channe(lc(é 'lg;tg;ead Register

MCU Channel D Data Read Register

(DDRROS)

MCU Channel A Status Register
(ASROB)

MCU Channel B Status Register
(BSRO05}

MCU Channel C Status Register
{CSRO5)

MCU Channel D Status Register
(DSRO5)

MCU Interrupt Status Register 7
{ISRO5)

MCU Interrupt Mask Register
(IMRO5) -

MCU Mode Register
{MROB)

Unused

MC68HCO5i8

Mé8000 INTERFACE MODULE

MOTOROLA
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Table 10-2 Host Data and Control/Status Registers

RS4.-RS1 | . Bit7 Bit6..|: Bit5 | Bit4 | .Bit3 | Bitz |- Bit.1 Bito . __Register Name :
e T s b | Host Channel A Data Write
B0 D S : B : ’ (ADRWH)
o [ . . P DR S I Host Channel B Data Write
0001 T | (BDRWH)
‘ L . B PO P .| Host Channel C Data
20010 of L . , R (CDRW

R . R - |i 7| Host Channel B
o1t |, | o - . DDA

: G : | B 1 - - . Data Read
0100 | | ‘ e e .

annel B Data Read

ot1 | L A1 - Lk (BDRRH) .
0110 Host Channel C Data Read
e v (CORRH)
R ‘Host Channel D Data Read
S0 {DDRRH)

, ' B C A Status.
1600 |, ROR | RRDY | RFULL | REMTY | TOR Host Channel A Status...

CWASRH)
. . . | R Host Channel B Status
1001, ROR -.|. RRDY{: RFULL HEMTY . TOR | (BSRH):
; o v * Host Channel C Status
1010 | ROR | RRDY T s
. N I B j I Sk k 4. HostChannel D Status. .
1011 ROR RRDY:. - ‘v}TR‘DYV ;‘TF‘_ULL TEMTY 7 DSRH) :
1100 A i e | m | Host. Interrupt Status
00 .| RA | TA | 0 S usRHy
|- : R Host Interrupt Mask_
ot | Ava G| AMC o TMC FRMD G TMD L MR
1110 - |- IMOD 0. | AEN [ BEN | CEN | DEN. Host Mode (MRH}.
A CE o RN Unused:
10.4. CU Channel Data Write Registers = " (ADRW05-DDRW05)
MCU Channel Data Read Registers R {ADRR05-DDRR05)
Host Channel Data Write Registers - : , (ADRWH-DDRWH}
Host Channel Data Read Registers L ‘ " {ADRRH-DDRRH)

When the MCU wishes to send a byte of data via channel A, say, it writes that information to'its
Channel Data Write Register (ADRWOS). This information-can then be read by the Host from its
corresponding Channel A Data Read Register (ADRRH). Similarly, data sent from the Host to the
MCU via channel C, say, would be written by the Host to its Channel C Data Write Register

{CDRWH) and read by the MCU from its corresponding Channel C Data Read Register (CDRRO5).

‘MOTOROLA -M68000;INTERFACE MODULE MC68H_CQ‘5i8
10-6 ' S K : MC68HCO5i8



The Read registers and the Write registers are implemented as 4-stage FIFO locations and can
therefore queue four bytes of data at any one time. Each byte wide FIFO register has a transmit
counter and a receive counter which point at the next available location to be either written to or
read from. In this way the data is always transmitted and received in the same order. It is the
information transferred in these channels which affects the bits and flags of the Control and
Status Registers. : ‘

1042  MCU Channel Status Registers
Host Channel Status Registers

(ASli DSR05)
-DSRH)

Each pair of transmit/receive channels has its own Channel Status Regis
MCU and the Host. This register comprises four transmit status bits a
all of which can be read by both the MCU and the Host. Figure 10
used by both the MCU and the Host. Note that in Figure 10 2
Register (xSR0B) bits are shown in their correct sequence.

hared between the
eceive status hits,
ows how these bits are
e MCU Channel Status

The four bits interpreted as receiver status bits by the MC
the same four bits seen by the Host as the transmi

, RRDY, RFULL and REMTY) are
status bits (TOR, TRDY, TFULL and
its, the status of that transmission is
avallable to the MCUin the transmltter status hi the xSR05 and to the Host in the receiver
status b|ts of the XSHH (see Figure 10 2). Si ﬁ"w when the Host transmits, the status of that

3 2 1 0 Channel Status |
MTYI TOR | TROY lTFULL ITEMTY] Register A-D
1 0 0 0 1 '
ROR — Receiy Transmitter Overrun Error (Host}) — TOR

reads its corresponding Channel Status Register.

~ Overrun has occurred; one or more bytes in the data stream has
been lost.

0 (clear) - No overrun has occurred.

MCB8HCO5i18 V63000 INTERFACE MODULE MOTOROLA
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MCU Action. = v HOST Action °
AR AGHON 'xSRO5 { xSRH

RN f¢——————— "send to full FIFO
_ROR | TOR | ¢———— read channel status reg

read empties FIFO ———={ RRDY, TRDY [€&—— sendto FIFO

read FIFO ————>{ RFULL 1 TFULL [&———— send fills FIFO

" REMTY | TEMTY [F———

“send to full FIFO  ——————[ | -~ ] =
read channel status reg. ————= TOR , ROR

“send to FIFO. ~————# TRDY 1 RRDY [——— rea

send fills FIFO —F——3{ TFyLL | REULL [I————
L TEMTYIREMTY

Note: AII bits are’ read-only. This figure also'il es°how the bits are set and cleared by
‘ varlous MCU and Host actlons T R ‘
Flgure 10-2  Status Register. ..

RRDY - ﬁéce_ivef Ready (MCU) 5 Transm |tter Ready (Host) —TRDY
This bit is set when-a byté is tr
the MCU. It is cleared whe

“empty.

d from the Host to the Fl FO and is waiting to be read by
U reads the last byte of information from the FIFQ, leaving it

1 (set): is wamng in the FIFO to be read by the MCU..

0 (clear) 7 byte wamng, FIFQ is empty

er Full (MCU)_: A TransmltterFull (Host)—TFULL

1(set) - — AII four FIFO regxster posmons are occupled FlFO is full
0 (clear) - “Fl FO is.not full.

MOTOROLA © M6S000INTERFACEMODULE  MC68HCOSi8
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REMTY — Receiver Empty {(MCU) : - Transmitter Empty (Host) — TEMTY .

This bitis the complement of Receiver Ready. It is set on reset or when the MCU reads the FIFO,
leaving it empty. Itis cleared when the Host transfers a byte to the FIFO. If an attempt is made
to read a FIFO when itis empty, the data wull be undefined.

1 (sety = - FIFO is empty.
Ofclear) — FIFO contains data.
TOR ‘—‘Ti'ansmitter\ Overrun Error (MCU) _ Receiver Overrun Error

This bit is set when the MCU sends a byte to a FIFO that is already full. It is on reset or

when the MCU reads the corresponding Channel Status Register.

1 (set) = — Overrun has occurred; one or more bytes in the

stream have
been lost. ‘ '

O {clear} - No overrun has occurred.

TRDY — Transmitter Ready (MCU) eceiver Ready (Host) —RRDY

FIFO. It is cleared on reset or when
IFO, leaving it empty.

This bit is set when a byte is transferred by the MG

the Hast reads the last byte of information from
“T{set) = — A byteis waiting in the o be read by the Host.

0 (clear) - No'byte waitin

TFULL — Transmitter Full (MC Receiver Full (Host) — RFULL

This bit is set when a byte
buffer to become full. It

erred by the MCU to the FIFO and the transfer causes the
on reset or when the Host reads the FIFO.

r FIFO register positions are occupied.

TEMTY ‘mit‘ter Empty (MCU) Receiver Empty (Host) — REMTY

he complement of Transmitter Ready. It is set on reset or when the Host reads the
FO, leaving it empty. It is cleared when the MCU transmits a byte to the FIFO. If an
pt is made to read a FIFO when'it is empty, the data will be undefined.

1{set)  — FIFOis empty.
O (clear) — FIFO contains data.
MC68HCO5i8 M68000 INTERFACE MODULE MOTOROLA
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1043 MCUlInterrupt Status Register .~~~ = ... (ISR05)
' Host Interrupt Status Register . . 7 , (lS‘RH)

This read-only register serves as the MCU Interrupt Status Register (ISR05) and the Host Interrupt
Status Register {ISRH). Just like the Channel Status Register bits described earlier in this section;
" the Interrupt Status Register bits.seen by the MCU.in ISRO5 as receiver bits are seen by the Ho
as transmitter bits in ISRH, and-vice versa. Figure 10-3 shows the . relatlonshxp between:
transmit interrupt status bit TA and the receive. interrupt status bit RA as seen by the MCU
the Host. These bits are set and cleared according to the status of the transmit and rece
and the criterion selected by the IMOD brt in the MCU and Host Mode Reglsters

10.45 and 10:4.6). : . , T

MCU Action  ~ ISR05! ISRH
Read from FIFO ———— RA |

Send to FIFO—---—> TA ¢

T Action
end to FIFO
’ - Read from FIFO :

Note:  The MCU IMOD bit selécts the cr
TA bit. The HOST IMOD bit selec
RA/MCU TA bit. AII bits are read onfy.

\ setting-a‘nd clearing the MCU RA/Host
;criterion for setting and clearing the Host

2 1o
[ ra | ™ B | A | 1c | RD [ 7D |interrunt Status Register
Reset 0 o o0 ’ -0
RA—RD Receive v B © Transmitter A—D (Host)—TA—TD :

itin, the MCU Mode Reglster is set the Rx/Tx bit will be set when RRDY[TRDY
transmltted from the Host to the' FIFO It Is cleared when the MCU reads the
nformatlon from the FIFO Ieavmg it empty

W‘henthel \
©isset,i
last B
he IMOD bit in the MCU Mode Reglster is clear the Rx/Tx b|t W|II be set when

L/TFULL is set, i.e.a byte is transmltted by the Host tothe FIFO and the transfer causes the
FO to become full.-

" In-both'instances, Rx/Tx set |nd|cates that data has been recelved on channel x and Is waiting .in
the FIFO to be read by the MCU. This information is used in conjunct|on with the mask-bits
(RMA-RMD/TMA-TMDY} in.the Interrupt Mask Register. to determine whether or not an interrupt "
will be issued to the MCU asa result of the data being received. Further explanation of how this
register operates IS glven in the Interrupt Mask Register descrlptlon '

MOTOROLA . M68000INTERFACE MODULE - s MCBBHCOSi8
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TA-TD — Transmitter A-D (MCU) Receiver A-D (Host)—RA-RD

When the IMOD bit in the Host Mode Register is set, the Tx/Rx bit' will be set when TRDY/RRDY
is set, i.e., when a byte has been transmitted by the MCU to the FIFO. Itis cleared when the Host
reads the last byte of information from the FIFQ, leaving it empty.

When the IMOD bit in the MCU Mode Register is- clear, the Tx/Rx bit will be set
TFULL/RFULL is set, i.e., when a byte is transmitted by the MCU and the transfer causes (
to become full.

In both instances, Tx set indicates that a byte has been transmitted on channel x
is waiting in the transmitter FIFO to be read by the Host. This information is
with the mask bits (TMA-TMD/RMA-RMD) in the Interrupt Mask Regist
or not an interrupt will be issued to the Host as a result of the byte being. itted by the MCU.
Further: explanation: of how this register operates is-given in th éfrupt Mask Register
description. \V

1044 MCU Interrupt Mask Register
Host Interrupt Mask Register

(IMRO5)
(IMRH)

This read/write register serves as the Host Interrg
Mask Register (IMRO5). As with the Chann
Register bits, the Interrupt Mask Register b
Mask bits are seen by the Host in IMRBH
example, Figure 10-4. shows this
Transmitter Mask bit, TMA, as sg

ask Register (IMRH) and the MCU Interrupt
tus Register bits and the Interrupt Status
tseen by the MCU in IMROb as Receiver Interrupt
| as"Transmitter interrupt Mask bits, and vice versa. As an
ship between the Receiver Mask bit, RMA, and the
v the MCU and by the Host.

As shown in Figure 10-4,
as the receiver on that cf
device setting or clearir

ver-Mask bits can be set or cleared only by the device acting
. The Transmit Mask bits are set or cleared as a result of the other
“own Receiver Mask bits. :

7 5 4 3 2 1 0
MA I RMEB LTMB | RMC LTMC | RMD LTMD Jlnterrupt Mask Register
0 0 0 0 0 0 0
MCU Action - o IMROS" IMRH | HOST Action
Read/Write - RMA ; TMAL— » Read

Read ¢——— TMA1+ RMA ld4———— 9 Read/Write

Figure 10-4 [nterrupt Mask Register

MCB8HCO5i8 M68000 INTERFACE MODULE MOTOROLA
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RMA-RMD. — Receive Mask A-D. (MCU) Transmit Mask A-D (Host) — TMA-TMD

The RMx bits are the read/write interrupt mask bits for the four receive channels. The RMx bits
should be set if:an MCU interrupt is required whenever the Rx bit becomes set, i:e. on receipt of
data on channel x. When RMx is set, the corresponding read-only TMx bit in. the- Host Interrupt
Mask Register is set, thus |nform|ng the Host that transmitting. data on this channel can mterrupt
the MCU : ‘

1 (set) - AnMCU interrupt will be aséerted wheh the corresponding Rx flag
ln the ISR05 becomes set

( O.(clear)" - No MCU |nterrupt will be asserted regardless of the state of 1
flag :
' TMA-TMD Transmlt Mask A—D (MCU) *‘Receive Mask A-D -RMA-RVMD

nels. The TMx bit in
%.bit in-the Host Interrupt
terrupted when the MCU

The TMx bits are the read-only |nterrupt mask bits for the four transmit
the MCU Interrupt Mask Register is set when the correspondin
‘Mask Register is set. These bits indicate whether the Host
transmr(s data on a certain channel

1 (set) - Transmlttlng data on channel x willscalise a Host lnterrupt to be
: - - generated when the Rx flag i Host Interrupt Status Register
- becomes.set.-. .. Ce e

Ofclear) - No Host i‘nterruptliwillv'be
' flag in the Host Inte

erted regardless of the state of the Rx
pt Status Register.

10.45 . . MCU Mode Registe

$003E LIMOD l 0. I AEN- I BEN | CEN | DEN JMCU Mode Register
Reset =~ 0 o -0 .o 0 o '
IMOD —1 , ‘ ,
This bi s the criteria by which the MC'U Interrupt Status Register {ISRO5) flags are set:
‘(se_t), . - -Rx and Tx bits in ISRO5 will be set according tothe * "Receiver Ready”

and Transmltter Ready :crltena respectrvely

Olclear) - ~Rxand Tx bits in ISR05 will be set accordmg to the “Receiver Full”
- and "Transmltter Full ‘criteria respectrvely

MOTOROLA M68000.INTERFACE MODULE MC68HCO5i8
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AEN, BEN, CEN and DEN — Channel A, B, C and D Enable
In order to read from or write to a channel its enable bit (xEN) must be set.
1{set). — Channelxis enabled.

O {clear) = Channel x is disabled.

10.4.6 Host Mode Register (MRH)

7 6 5 4 3 2 1 0
$O00E moo | FCLR | 0 | 0 | AEN FEN | csu DEN Jf&o
Reset 0 0 0 0 Q 4} 0

IMOD — Interrupt Mode

This bit controls the criteria by which the Host Interrupt S ; gister (ISRH) flags are set.

1 (set) - - = Rxand Tx bitsin ISRH will be set a
and “Transmitter Ready” critefi

0 (clear} - Rxand Tx bits in ISRH
and “Transmitter Full” ¢

to the “Receiver Ready”
pectively.

et according to the “Receiver Full”

FCLR — FIFO Data Clear

When the channels are cleared, the FIFO read and write
ctions and the channels are returned to their initial state. The
CLR.

Setting this bit clears all data chapi
pointers are set to zero for b
control registers are unaffec

Note: FIFO ¢
Maode

LR) can only be done from the Host. There is no.FCLR bit in the MCU

AEN, BEN,.CEN and DEN — Channel A, B, C and D Enable
Tor m or write to a channel, its enable bit {xEN) must be set.
(set} -  Channel x is enabled.

0 {clear} ~  Channel x is disabled.

MC68HCO5i8 M68000 INTERFACE MODULE MOTOROLA
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~ SECTIONT1 .
~ ELECTRICAL SPECIFICATIONS

This' section contains the electrical specifications and associated timing i
:MCB8HCO5i8. :

111 MAXIMUM RATINGS

Table 11-1 Maximu gs

Rating Value -~ | Unit
Supply Voltage -0.310+7.0 \
o Vgg—-0.3 to
Input Voltage: Vop + 03 \Y
TL to TH ' o
0to70

—65t0+150 | °C

25 mA

Note 7). -All
Note 2)
Note

m current drain per pin is for one pin at a time, limited by an extemal resistor.

i§ device contains 'circuitry designed to protect against damage due to high
H:elxectrqstatic voltages or electric fields. However, ‘it is recommended that normal
precautions be taken to avoid the application of any valtages higher than those given
in the Maximum Ratings table to this high impedance circuit. For- maximum reliability
all unused inputs should be tied to either Vgg or Vpp.

MC68HCO5i8 ELECTRICAL SPECIFICATIONS MOTOROLA
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12 'THERMALZCHARACTERIS»TICVS'AND'POWER CONSIDERATIONS

Table 11-2 Packege'ThermaI Characteristics

_Characteristics ~ ‘| Symbol | Value | Unit.

Thermal Remsta nce

~ Plastic 64-pin Quad Flat Pack (OFP) 834 50 Cw

- The average chlp junction temperature T U in degrees Celsms can be obtained from th
equatlon ' :

"TJj_=' TA+(PD.9JA) o
where: E , |
Ta = Ambient Temperature: (°C) _
0)5 = Package Thermal Re3|stance Junctlon-to-amblea

Pop= PtNT +Pyo W) -
PinT = Internal Chip Power = IDD * Vpp (W)* B
| Pio = Power qusnpation_ on Input and. Ot s (User.defermined)

An approximate relationship betwee_ﬁ PD and o is n‘egleeted).ivs.: S

12
Solving equations [1] and ['27}'fvo'r
| Pov Tyt 279 ¥0,ePF ) i
partclar art. K can be determined by measuring be (at equilibritim)

value of K, the values of P and T, can be obtained for any value of Ty |
‘equations. The package thermal characteristics are shown in Table-11-2..

where K is a constan
for a known Ta.
by solving the abo

Voo =45V

Pins R1 | Rz | ¢ |  Test

- Point
All Port Pins, D0-D7,
IRQ68K & DTACK

3.26k0 | 2,38k | 50pF

- Figure 1:1‘1 Equivalent Test Load .

MOTOROLA ~  ELECTRICAL SPECIFICATIONS  MC68HCO5i8
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113 DC ELECTRICAL CHARACTERISTICS- -

Table 11-3- DC Electrical Characteristics
(Vpp = 5.0 Vdc + 10%, VSS =0Vdc, To =T, to Ty}

~ Characteristic Symbol [ Min Typ | Max [ Unit
Output Voltage
loap =—10 pA Vou |Vop-01| — —
ILoap = +10°0A - C Vo | — o — 0.1
Output High Voltage {l oap =~ 0.8 mA} '
Port A—Port F- . - Vou | Voo~-0.8 T
Output Low Voltage ll gap = +1.6 mA) v » v
Port A~ Port F oL
Input High Voltage
) —_— ——— VIH . A ’ —_— V
All Ports, OSC1, IRQ & RESET
Input Low Voltage V 0.2V, v
All Ports, OSC1, IRQ & RESET I “ipb
Output High Voltage (I ga5 = -0.8 mA) y
Do-D7 o
| Output Low Voltage (I gap =+1.6 mA} o v
‘D0-D7, OSC1, TRGEBK & DTACK '
Input High Voltage
— v 0.7V, — — Vv
DO-D7, RS1-RS4, TS & o e
Input Low Voltage
vy — — |02V | V
oo 1
— T8D TBD | mA
. — ..} T8BD TBD mA .
— | TBD | TBD | A
A~ Port F e - N e
lnput Current
RESET, OSC1 & IRQ ‘ N wA
Capacitance
Ports (asl‘put or-output) Cout __ - 12 | pF
RESET, IRQ ’ Cin - - 8 pF
Hysteresis v 10 y
RESET, lRQ ’ N ' -
MCE8HCO5i8 - ELECTRICAL SPECIFICATIONS MOTOROLA
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‘Note 1)

Note 2)
Note 3}

. (except OSC2 load 20pF).
Nete 4)

Note 5)

Note 6)

114

; (VDD-SOVdc;t 10%, VSS-OVdc Ta=TotoT,

AII'IDD measurements- taken ‘withsuitable decolipling: capacitors.across the power
supply to suppress the transient swntchmg currents inherent in CMOS des:gns (see
Section 2.1). FET , y «
Typlca| values are at mld pomt of voltage range and at’ 25°C only

RUN - and. WAIT Iop: measured using  an external -square-wave clock source
lfop = 2MHz) all'inputs 0.2 V from rail; no DC loads; maximum Ioad on outputs 50

WAIT |pp: onIy the timer system actlve current varies Ilnearly wnh the,
capacnance PR e PETUE S .

STOP and WAIT IDD all ports conflgured as mputs V”_ =0. 2 V and V,H -0.2V.
STOP IDD measured W|th 05C1 = VDD ’

AC ELECTRICAL CHARACTERISTICS

Table 11-4 AC Electrical Cha

11-4

Characteristic ‘Min | Max Unit
Frequency of Operatlon : T v i
Crystal ST fose = 80 .| MHz
External Clock *: fosc code 160 )
Internal Operatmg Frequency fop ™ de~ © 20 | PMHz
Processor cycle time- \ Cteye | 2800 = ns
Crystal Oscillator start toxov — 100 ms
tae s = | fere
", tpoRL 4064 4064 tove
YL 125 | = s :
tlLlL o . *w 3 . - ) tcy'c' : '
tOH"tOL : 90 v —_— ‘ns

. The minimum perlod t,u,_ should not be fewer than the’ number of; cycles it takes to
execute the interrupt servnce routme plus 2T teyee .

MOTOROLA' " ELECTRICAL SPECIFICATIONS ‘  MCesHCOSi8



1.5 M68000 INTERFACE MODULE - AC ELECTRICAL CHARACTERISTICS

11.5.1 Host Read Cycle Bus Timing

Table 11-5 Read Cycle Bus Timing

Characteristic Symbol Min Max

CS Setup Time to CLK68K High tesc 80 —

RS1-RS4 Setup Time to CS Asserted tRss 10 -
RW68K Setup Time to CS Asserted trRws 10
CS Pulse Width Asserted tesw 130 ns

Data Valid frorh CS Asserted ns

DTACK Asserted from CLKB8K High ns

CS Asserted to DTACK Asserted teve
CS Negated from DTACK Asserted ns
RS1-RS4 Hoid Time from CS Negated ns
RW6SK Hold Time from CS Negated ns
Data Hold Timefrom.C3 Negat toH 0 — ns
Data Bus floating from CS tor - 50 ns
gated toan - 50 ns
“tpar — 75 ns
teswn 70 — ns

telk — 10 MHz

MC68HCO5i8 ELECTRICAL SPECIFICATIONS MOTOROLA
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MCe8HCO05i8

‘R_ead Cycle Bus Timing ‘Diajgram: )

ELECTRICAL SPECIFICATIONS

CLK68K

'RS1-RS4|-

RwWeskK
Do~ D7
DTACK

Cs
MOTOROLA
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115.2

Host Write Cycle Bus Timing

Table 11-6 Write Cycle Bus Timing - »

Data Setup time to CLK68K High

Characteristic Symbol .[*  Min - Max Unit
CS Setup Time to CLK68K High tese %0
RS1-RS4 Setup Time to CS Asserted trss 10
RW8SK Setup Time to CS Asserted trws - 10--
| CS Pulse Width Asserted teswe 130

DTACK Asserted from CLK68K High

CS Asser‘fed to DTACK ‘Asserted

CS Negated from DTACK Asserted

RS1-RS4 Hold Time from CS Negated-

RW6SK Hold Time from TS Negated

Data Hold Time from CS Negated

Déta Setup ﬁme to (Té Negatéd

DTACK Negated from CS Ne

50

MC6BHCO5i8

tDAH — ns

toat et 75 ns

tCSWH 70 ns
MOTOROLA

ELECTRICAL SPECIFICATIONS
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CLK&8K

RS1-RS4.| -

RWeEBK
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SECTION 12
MECHANICAL DATA AND ORDERING INFORMATION

121 64-PIN QFP PACKAGE

B

©
EY
o

HHH%IJF?HHHHHH.

[# 020 EDlc]a-8 @[ ()]

T

Datum [T ¢
Plane u{"‘] z / R Q;

Detsil "C* - K f
w
X
_________________ Datum Plane Detail "C"
g L5
. 2,
[ L 1H-A80- le—D __,’— Base Metal
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Section B-B
Figure 12-1 64-pin- QFP Mechanical Specifications
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Table 12-1 64@pin QFP D'imensi‘ons

“Dim Min - Max_ . " Notes :
A 1385 ‘ - 14.10 17 Dimensions and tolerancing per ANSI'Y14.5M, 1982,
‘B 1395 14.10 ST o
2. All.dimensions in millimetres.

c 22217+ | 2ae7 |5 ST j

D 0.30 0.40 3. - DatumPlane - H —is located at bottom of lead and is coincident W

E 2.15 2.25 - lead where the lead exits the plastic.body at the bottom of

= 0.30 - I|nbe. g |

G 0.80 BSC 4. Datums A=Band~D~to be determined at Dat

" H 0.067 0.207 R N RN

J 0168 0173 5. Du:ne‘nrsblo‘rj‘sns‘ar?c}i V t? be ‘det:ermmed at$§ ane - C -

K 050 088 le Dim'ehsﬂiorﬁé A and B do notinclude meuld otrusion. Allowable

L 1200REF. .7 % | . - protrusionis 0:26mm per side, D Bns A and B do include mould"
M & ; ge mismatchiand are determine Plane —H.- :
N 0143 : 0,157 7 Dimenéiprli'D does notnclude.dambar protrusion. : Allowable dambar
P 0.40BSC. - ~:f . protrysion shall be O total inexcess of the D dimension at

aQ - 20 . g | maximum materid tion. Dambar cannot be located on the lower.
R 0.13 £ 030 fadius or the f : o

S 16.20

T .15

u 9°

Vv “16:20° -

W 0.37

X
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122 ORDERING INFORMATION

This section describes the information needed. to order the MCU.

To initiate a ROM pattem for the MCU, it is necessary to first contact your local field service office,
local sales person or Motorola representative. Please note that you will need to supply detalls
such as: mask option selections; temperature range; oscillator frequency; package type;
test requirements; and device marking details so that an order can be processed, and a ¢
specific part number allocated.

122.1 EPROMs

gic for address and
be programmed to

A 16 kbyte EPROM programmed with the customer’s software (posi
data) should be submitted for pattern generation. All unused byte
Zeros.

The EPROM should be clearly labelled, placed in a conductiv rrier and securely packed.

12.2.2 Verification media

All original pattern media (EPROMs) are filed
computer listing of the ROM code will be gen
The listing should be thoroughly checked'
returned to Motorola. The signed ve
creation of the custom mask. If des
customer) from the data file use

fitractual purposes and are not returned. A
d and returned with a listing verification form.
he verification form completed, signed and
icagion form constitutes the contractual agreement for
, Motorola will program blank EPROMs (supplied by the
ate the custom mask, to aid in the verification process.

12.2.3 ROM Verificatio (RVUs)

Ten MCUs containin
These.units will have
expediency,
5 Volts. Thes

stomer’s ROM pattern will be provided for program verification.
made using the custom mask but are for ROM vertfication only. For
sually unmarked and are tested anly at room temperature (25°C) and at
s are included in the mask charge and are not production parts.  They are
nor guaranteed by Motorola Quality Assurance.

 MC Order Numbers

Package Type Temperature MC Order Number
Quad Flat Pack (QFP) 0 to 70°C MCB8HCO5i8FU

MC6BHCObi8 MECHANICAL DATA AND ORDERING INFORMATION MOTOROLA
, 12-3



MOTOROLA
124

£




— Cut along this line‘to remove ~

6.

7.
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Motorola wishes to continue to improve the quality of its documentation. We would welcome your feedback on the
publication you have justreceived. Having used the document, please complete this form {or a photocopy of it, if you prefer).

How would you rate the quality of the document? Check one box in each category.
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Organisation D Tables
Readability

Understandability

Table of contents
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D Index
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1
L
1
[
]
|
|
!
|
ol
1
{
{
.
!
L
1

11. Which company (inany fleld) prowdes the best technlcal documentatlon?
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