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"scl Interrupt : " Internal Bus o ) >

$OF )
- SCCR2 l :
SCDAT [ Transmit TIE {See | Receive Data { SCDAT
$11 |Data-Register ‘ Note)| Register | $11
: r— TCIE
'{P o R
e - ILIE .
ITransmit Datal ] Receive Data
Shift Register[ ™ ( TE r™Ishift Register
{ ’ RE
B . . SBK .
PD1/TDO PDO/RDI
RWU :
: ; A :
A A &
. .| Wake
. : SCSR 4 -Up
| FE | NF | OR [IDLE[RDRF| TC [TDRE| 0 Unit
ALlJJ) T
‘ B : " /
SBK ( (TE 17
' L_| Transmit ‘ . Flag : Receive
Control . ~Control " Control
[ A o \
Internal
Rate Generator ~ Processor
. ) Clock
[ A 4 .
Baud
$0D - — | SCP1] SCPO - SCR2 | SCR1 | SCRO Rate
h : - - = Register
. )
"SOE{ R8 | T8 - M {WAKE| - — | = | secri’ ‘

1

NOTE: The Seriat Communications Data Register (SCDAT) is controlied by the internal R/W signal. it is the transmit data register whien
written and receive data register when read. . . K

: Figuré 13. SCI Block Diagram

L ——_—————————————
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Serial Communications Control Register 1. (SCCR1) $SOE

The SCCR1 provides control bits that determine word
length and select the wake-up method.

3 6 5. 4 : 3 2. 1
(o [ | — [ w Jwae|] — | - [ — |
RESET:

U U o— U v - - Z

R8 — Receive Data Bit 8
R8 bit provides storage location for the ninth bit in the
receive data byte (if M=1).
T8 — Transmit Data Bit 8
T8 bit provides storage location for the nlnth bit in the
transmit data byte (if M=1). :
M — SCI Character Word Length
1 =one start bit, nine data bits, one stop bit
0=one start bit, eight data bits, one stop bit
WAKE — Wake-Up Select
Wake bit selects the receiver wake-up method.
1=Address bit (most sugmflcant bit)
0=ldle line condition
Bits 0-2, and 5 — Not used
Can read either-one or zero

‘The address bit is dependent on both the wake-bit and
the M-bit level. Additionally, the receiver does not use
the wake-up feature unless the RWU control bit in SCCHZ
is set.

Wake | M
0 X

Receiver Wake-Up -

Detection of anidle line allows the next data
byte received to cause the receive data reg-
ister to fill and produce an RDRF flag.

Detection of a received one .in the eighth
data bit allows an RDRF flag and associated
error flags.

Detection of a received one in the ninth data
bit allows an RDRF flag and associated error
flags.

Serial Communications Control Register 2 (SCCR2) $OF

The SCCR2 provides con*rol of individual SCI functions .

such as interrupts, transmit/receive enabling, receiver
wake-up, and break code.

7 6 5 4 3 2 1 0

l TIE | TCIEVl RIE [ lLI‘E l TE 1 RE’ LRWU I SBK l

RESET: .
0 -0 0 0 0 0 0 0

TIE — Transmit Interrupt Enable
1=SCl interrupt enabled
0=TDRE interrupt disabled

TCIE — Trapsmit Complete Interrupt Enable )
1=SCl interrupt enabléd )
0=TC interrupt disabled -

tained in the SCSR.

RIE — Receive Interrupt Enable

1=S8Cl interrupt enabled

0=RDRF and OR interrupts disabled
ILIE-— |dle Line Interrupt Enable - -

1 =SCl interrupt enabied
=Idle interrupt disabled

TE — Transmn Enable

1="Transmit shift register output isapplied to the TDO
line. Depending upon the SCCR1 M. bit, a pream-
ble of 10 (M=0).or 11 (M=1) consecutive ones is
transmitted.

0=Transmitter disabled after last byte.is {oaded in
the SCDAT and TDRE is set. After last byte is
transmitted, TDO hne becomes a hlgh impedance
line.

RE — Receive Enable

1 =Receiver shift register mput is applled to the.RDI
line.

0=Receiver dlsabled and RDRF IDLE, OR NF, and
FE status bits are inhibited. :

RWU — Receiver Wake-Up

1=Places receiver in sleep mode and enables wake-
up function

0=Wake-up function dlsabled after recelvmg data
word with MSB set (if WAKE=1)"

Wake-up function also disabled.after receiving 10
{(M=0)or 11 (M= 1) consecutive ones {if WAKE =0}
SBK — Send Break .

1 =Transmitter continually sends blocks of zeros (sets
of 10 or 11) until cleared:- Upon completion of
break code, transmitter.sends one high bit for rec-
ognition of valid start bit.

0=Transmitter sends 10 (M=0) or 11-(M=1) zeros
then reverts to an idle state or continues sending
data. If transmitter is empty-and idle, setting and
clearing the SBK bit may queue up to two char-
acter times. of break because the first break trans-
fers immediately to the shift register, and the
second:is queued into the parallel transmit buffer.

Serial COmmumcatlons Status Register (SCSR) $10

The SCSR. provides inputs to.the SCI interrupt logic
circuits. Noise flag and framing error bits are also con-

1 0

[ -]

0 -

|TDRE| Tc [ RDRF WE TOR—[ Ne | re

RES ET

1 0 0“0 0

TDRE — Transmit Data Register (TDR) Empty
1=TDR contents transferred to the transmit data shift
register
0=TDR still contains data. TDRE is cleared by reading
the SCSR (with TDRE = 1), followed by a write to
the TDR. :
TC — Transmit Complete
1=Indicates end of data frame, preamble, or break
condition has occurred | ;
0="TC bit cleared by reading the SCSR (with TC—1),
followed by a write to the TDR o
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RDRF — Receive Data Register (RDR) Full
1=Receive data shift register contents transferred to
the RDR.
0=Receive data shift register transfer did not occur.
RDRF is cleared by reading the SCSR (with
RDRF = 1) followed by a read of the RDR
IDLE — Idle Line Detect
1=Indicates.receiver has detected an idle line
0=IDLE is cleared by reading the SCSR (with IDLE=1),
followed by a read of the RDR. Once IDLE is
cleared, IDLE cannot be set until RDI line becomes
active and idle again.
OR — Overrun Error
1=Indicates receive data shift register data is sent to
a full RDR (RDRF=1). Data causing the overrun
is lost, and RDR data is not disturbed.
0=0R is cleared by reading the SCSR (with OR= 1)
followed by a read of the RDR.
NF — Noise Flag
1 =Indicates noise is present on the receive bits, in-
cluding the start and stop bits. NF is not set until
RDRF=1.
0=NF is cleared by reading the SCSR (wnth NF— 1),
followed by a read-of the RDR.
FE — Framing Error :
1=Indicates stop bit not detected in received data
character. FE'is set the same time RDRF is set. If
received byte causes both framing and overrun
errors, processor will only recognize the overrun
error. Further data transfer into the RDR is inhib-
ited until FE is cleared.
0=NF is cleared by reading the SCSR (wnth FE=1),
followed by a read of the RDR.
Bit 0 — Not used
Can read either one or zero

Baud Rate Register $0D

The baud rate register is.used to.select the SCI trans-
mitter and receiver baud rate. SCPO and SCP1 prescaler
bits are used in conjunction with the SCRO through SCR2
baud rate bits to provide multiple baud rate combinations
for a given crystal frequency. Bits 3, 6, and 7 always read
zero.

7 2 1 0

{ T | SCP1 TSCPO l rSCRZ | SCR1 l SCRO {

RESET:
- — 0 0 — v U u
SCP0 — SCI Prescaler Bit 0
SCP1 — SCI Prescaler Bit 1 }
Two prescaler bits are used to, increase the range of
standard baud rates controlled by the SCRO-SCR2
bits. Prescaler internal processor clock division ver-
sus bit levels are listed in Table 2.

SCRO — SC! Baud Rate Bit 0

SCR1 — SCI Baud Rate Bit 1

SCR2 — SCl-Baud Rate Bit 2 :
Three baud rate bits are used to select the baud rates
of the SCI transmitter and SCI receiver. Baud rates
versus bit fevels are listed in Table 3.

Tables 3 and 4 tabulate the divide chain used to obtain
the baud rate clock (transmit clock). The actual divider
chain is controlled by the combined SCP0-SCP1 and SCR0-
SCR2 bits in the baud rate register. All divided frequen-
cies shown in Table 3 represent the final baud rate re-
sulting from the internal processor clock division shown
in the divided-by column only (prescaler division.only).
Table 4 lists the prescaler output divided by the action
of the SCl select bits (SCR0-SCR2). For example, assume
that a 9600-Hz baud rate is required with a 2.4576-MHz

Table 3. Prescaler Highest Baud Rate Frequency Output

" SCP Bit Clock* Crystal Frequency MHz
1 0 Divided By 4.194304 4.0 2.4576 2.0 1.8432
0 0 1 131.072 kHz 125.000 kHz 76.80 kHz 62.50 kHz 57.60 kHz
0 1 3. 43.691 kHz 41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz
1 0 4 ’ 32.768 kHz ' 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz
1 1 13- 10.082 kHz 9600 Hz 5.907 kHz 4800 Hz 4430 Hz

*Refers to the internal processor clock.

NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate (Tx) that can be
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing

a further division using the SCl rate select bits as shown below for some representative prescaler outputs.

Table 4. Transmit Baud Rate Output for a Given Prescaler Output

SCR Bits Divided Repr Highest Pr Baud Rate Output
2 1 0 By 131.072 kHz 32.768 kHz 76.80 kHz +19.20 kHz 9600 Hz
0 0 0 1 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz
0 0 1 2 65.536 kHz - 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz
0 1 0 4 32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz 2400 Hz
0 1 1 8 . 16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz
1 0 0 16 8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz
1 0 1 32 -4.096 kHz 1.024 kHz 2400 Hz 600 Hz 300 Hz
1 1 0 64 2.048 kHz 512 Hz 1200 Hz 300 Hz © 150 Hz
1 1 1 128 1.024 kHz 256 Hz 600 Hz 150 Hz © 75 Hz
NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler

output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud
rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate.
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external crystal. In this case, the prescaler bits (SCPO-
SCP1) could be configured as a divide-by-one or a divide-
by-four. If a divide-by-four prescaler is used, then the
SCRO-SCR2 bits must be configured as a divide-by-two.
Using the same crystal, the 9600 baud rate can be ob-
tained with a prescaler divide-by-one and the SCR0-SCR2
bits configured for a divide-by-eight.

SERIAL PERIPHERAL INTERFACE

The serial peripheral interface (SPI) is an interface built
into the MCU which allows several MCUs or MCUs plus
peripherals to be interconnected within the same black
box. In the SPI format, the clock is not included in the
data stream and must be furnished as a separate signal.
An SPI system may consist of one master MCU and sev-
eral slaves (Figure 14) or MCUs that can be either masters
or slaves.

Features:

Full-duplex, three-wire synchronous transfers
Master or slave operation

1.05 MHz (maximum) master bit frequency

2.1 MHz {maximum) slave bit frequency

Four programmable master bit rates
Programmable clock polarity and phase
End-of-transmission interrupt flag

Write collision flag protection

Master-master mode fauit protection capability

SIGNAL DESCRIPTION

The four basic sighalé {MOSI, MISO, SCK, and SS) are
described in the following paragraphs. Each signal func-
tion is described for both master and slave mode.

Master Out, Slave In

The master out, slave in (MOSI) line is configured as
an output in a master device and as an input in a slave

device. The MOSI line is one of two lines that transfer
serial data in one direction with the most significant bit
sent first,

Master In, Slave Out

The master in, slave out (MISO) line is configured as

" an input.in a master device and as an output in a slave

device. The MISO is one of two lines that transfer serial

data in one direction with the most significant bit sent

first. The MISO line of a slave device is placed in a high-
impedance state if slave is not selected (SS=1).

Serial Clock

~ The serial clock (SCK) is used to synchronize both data
in and out of a device via the MOSI and MISO lines. The
master and slave devices can exchange a byte of infor-
mation during a sequence of eight clock cycles. Since.
SCK is generated by the master device, this line becomes
an input on a slave device.

As shown in Figure 15, four possible timing relation-
ships may be chosen by using control bits CPOL and
CPHA in the serial peripheral control register (SPCR). Both
master and slave devices must operate with the same
timing. )

Two bits (SPRO and SPR1) in the SPCR of the master
device select the clock rate. Ina slave device, SPRO and
SPR1 have no effect on SPI operation. .

Slave Select

The slave select (SS) input line selects a slave device.
The SS line must be low prior to data transactions and
must stay low for the duration of the transaction. The SS
line on the master must be tied high; if the SS'line goes
low, a mode fault error-flag (MODF) is set-in the serial
peripheral status register (SPSR).

When CPHA =0, the shift clock is the OR of SS with
SCK. In this clock phase mode, SS must go high between
successive characters in an SPl message. When CPHA=1,
SS must go high between successive characters in an

MISO M8805 HCMOS Slave 0
MOSI .
S MISO SCK_
) S5 ~—Vop Mosi__§S
M6805 HCMOS
Master
PO
0 1
R 2
T3
MOSI  SS MOSt  SS MOSI SS
MISO . SCK MISO  SCK MISO  SCK

M6805 HCMOS Slave 3

MB805 HCMOS Slave 2

© M6805 HCMOS Slave 1

Figure 14. Master-Slave System Configuration
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sekicpot=00 [ ] ||l| 11
SCK (CPOL=1) | | L] |||| 1

|
SS* (Slaves)- —I , \

]
Sample Input
Data out (CPHA=.1 Q (Ms8_X Bit6 ) 0- m m

" Sample Input ' -
Data out (CHPA=0) ~) MSB Bit 6 X Bit 1 LSB ’
i , )

Figure 15. Data Clock Timing Diagram

SPi message. When CPHA=_1, SS may be left low for ‘

several SPI characters. In cases where there is only one
SPI slave MCU, the slave MCU SS line could be tied to
Vss as long as CPHA=1 clock modes are used.

FUNCTIONAL DESCRIPTION

A block diagram of the SPI is shown in Figure 16. In a
master configuration, the CPU sends a signal to the mas-
ter start logic, which originates an SPI clock (SCK) based
on the internal processor clock. As a master device, data
is parallel loaded into the 8-bit shift register from the
internal bus during a write cycle and then serially shifted
viathe MOSI pin to the slave devices. During a read cycle,
data is applied serially from a slave device via.the MISO
pin to the 8:bit shift register. Data is then parallel trans-
ferred to the read buffer and made available to the in-
ternal data bus during a CPU read cycle.

" (w
jl . ]

In a slave configuration, the slave start logic receives
a logic low at the SS pin and a clock input at the SCK
pin. This synchronizes the slave with the master, Data
from the master is received serially at the slave MOSI pin
and shifted into the 8-bit shift register for a parallel trans-
fer to the read buffer. During a write cycle, data is parallel
loaded into the 8-bit shift register from the internal data
bus, awaiting the clocks from the master to shift out se-
rially to the MISO pin and then to the master device.

Figure 17 illustrates the MOS!, MISO, SCK, and SS
master-slave interconnections.

REGISTERS

There are three registers in the SPI that provide control,
status, and data storage functions. These registers, the
serial peripheral control register {SPCR), serial peripheral
status register (SPSR), and serial peripheral data I/0 reg-
ister (SPDR), are described in the following paragraphs.

8 Internal
:Lr Read Buffer (Load) ]+—>7—<—> Data

Bus
SPIF
$0C 8 (End Tx)
8-Bit Shift (Full
Register

8

‘Internal : )
Processor - SCK (PD4)
Clock
l Read
Rate “ga‘::f' - >
Generator Logic
3
— Slave
SS (PD5) Start
4 Logic Write
2
>
Control _I_-)l
SPCR Bits

State
Controller

$O0A

SPSR f 3
$08 ags

L <

7

Figure 16. SPI Block Diagram
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'
'
|
> : MISO 8-Bit Shift Register
: '
1
| MOsI
|
1
|
SPI : I'sck
Clock Generator [~ > N
\ ]
158 §31
ov —

Figure 17. SP| Master-Slave Interconnections

Serial Peripheral Control Register $0A

The SPCR provides control of individual SPI functions
such as interrupt and system enabling/disabling, master/
sIave mode select and clock polarity/phase/rate select

| sPie | SPEL J MSTR | CPOLL‘( PRI | spnﬂ

RESET
0 0 - 0 U [t} Y} U

SPIE — Serial Peripheral Interrupt Enable
1=SPI interrupt enabled
0=SP! interrupt disabled
SPE — Serial Peripheral System Enable
1=SPI system on
0=SPI system off
MSTR — Master Mode Select
1=Master mode
0=Slave mode
CPOL — Clock Polarity
Clock polarity bit controls the clock value and is used
in conjunction with the clock phase (CPHA) bit.
1=8CK line idles high
0=SCK line idles in low state
CPHA — Clock Phase
Clock phase bit along with CPOL controls the clock-
data relationship between the master and slave de-
vices. CPOL selects one of two clocking protocols.
1=8Sis an output enable control.
0=Shift clock is the OR of SCK with SS.
When SS is low, first edge of SCK invokes first
data sample.
SPRO, SPR1 — SPI Clock Rate Bits
Two clock rate bits are used to select one of four clock
rates to be used as SCK in the master mode. In the
slave mode, the two clock rate bits have no effect. Clock
rate selection is shown in the following table.
Bit 5 - Not used
Can read either one or zero

SPI Clock Rate Selection

Internal Processor
SPR1.- | SPRO Clock Divided By
0 L0 2
0 1 ) 4
1 0 16
1 1 32

Serial Peripheral Status Register $0B
The SPSR contains three status bits.

7 6 5 4 3 7 1 0

[spe [weo[ — Jmoor| — [ = [ — [ =]

RESET: .
0 6 - 0 = = = -

SPIF — Serial Peripheral Data Transfer Flag
1=Indicates data transfer completed between pro-
cessor and external device.
(If SPIF=1 and SPIE=1, SP!I interrupt is ena-
bled.) '
0=Clearing is accomplished by reading SPSR (with
SPIF=1) followed by SPDR access.
WCOL — Write Collision ) )
1=Indicates an attempt is made to write to SPDR
whiie data transfer is in process.
0=Clearing is accomplished by reading SPSR (with
WCOL=1), followed by SPDR access.
MODF.— Mode Fault Flag
1.=Indicates multi-master system control conflict.
0=Clearing.is accomplished by reading SPSR (with
MODF = 1), followed by a write to the SPCR.
Bits 0-3, and 5 — Not used )
Can read either zero or one

Serial Peripheral Data I/O Register $0C

The SPDR is a read/write register used to receive and
transmit SPI data.

Fm bne l sDs | spD4 TstpT sPD1 | spno]

RESET:

U u U VI v U U

A write to the SPDR places data directly into the shift
register for transmission. Only a write to this register will
initiate transmission/reception of another byte and will
only. occur in the master device. On completion of byte
transmission, the SPIF status bit is setin both master and
slave devices.

A read to the SPDR causes the buffer to be read. The:
first SPIF status bit must be cleared by the time a second
data transfer from the shift register to the read buffer
begins, or an overrun condition will exist. In overrun cases,
the byte causing the overrun is lost.
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INSTRUCTION SET

The MCU has a set of 62 basic instructions. They can
be divided into five different types: register/memory, read-
modify-write, branch, bit manipulation, and control. The
following paragraphs briefly explain each type.

This MCU uses all the instructions available in the
M146805 CMOS Family plus one more: the unsigned
multiply (MUL) instruction. This instruction allows un-
signed 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 prod-
uct is stored in the accumulator. A detailed definition of
the MUL instruction is shown below.

X:A X*A

Description | Multiplies the eight bits in the index register
by the eight bits in the accumulator-to obtain
a 16-bit unsigned number in the concatenated
accumulator and index register

Condition H: Cleared
Codes I: Not affected
N: Not affected
Z: Not affected
C: Cleared

Source MUL

Operation

Form(s) Addressing
Mode Cycles

Inherent 1

Bytes
1

Opcode
$42

REGISTER/MEMORY INSTRUCTIONS ‘

Most of these instructions use two operands. One op-
erand is either the accumulator or the index register. The
other operand.is obtained from memory using one of the

READ-MODIFY-WRITE INSTRUCTIONS

These instructions read a memory location or a reg-
ister, modify or test its contents, and write the modified
value back to memory or to the register. The test for
negative or zero {TST) instruction is an exception to the
read-modify-write sequence since it does not modify the
value. Refer to the following list of instructions.

Function Mnemonic
Increment INC
Decrement DEC
Clear CLR
Complement COM
Negate (Twos Complement) NEG
Rotate Left Thru Carry ROL
Rotate Right Thru Carry ROR
Logical Shift Left LSL
Logical Shift Right LSR
Arithmetic Shift Right ASR
Test for Negative or Zero TST
Multipty MuUL

BRANCH INSTRUCTIONS

This set of instructions branches if a particular condi-
tion is met; otherwise, no operation is performed. Branch
instructions are two-byte instructions. Refer to the fol-
lowing list for branch instructions.

addressing modes. The jump unconditional (JMP) and Function : M"em°"?° &

jump to subroutine (JSR) instructions have no register Branch Always BRA

operand. Refer to.the following instruction list. Branch Never BRN

Function Mnemonic Branch if Higher : BHi

Load A from Memory S LDA Branch if Lower or Same BLS
Load X from Memory LDX Branch if Carry Clear BCC
Store A in Memory . STA Branch if Higher-or Same BHS
Store X in Memory STX Branch if Carry Set ) BCS
Add Memory to A ADD Branch if Lower . BLO
Add Memory and Carry to A ADC Branch if Not Equal ‘ BNE
Subtract Memory : SUB - Branch if Equal BEQ
Subtract Memory from A with Borrow SBC Branch if Half Carry Clear BHCC
AND Memory to A . AND Branch if Half Carry Set ‘ BHCS
OR Memory with A : ORA Branch if Plus BPL
Exclusive OR Memory with A ’ EOR Branch if Minus BMI -
Arithmetic Compare A with Memory. CMP Branch if Interrupt Mask Bit is Clear BMC
Arithmetic Compare X with Memory CPX Branch if Interrupt Mask Bit is Set BMS
Bit Test Memory. with A {Logical Compare) BIT Branch if Interrupt Line is Low BIL
Jump Unconditional . JMP Branch if Interrupt Line is High BIH
Jump to Subroutine - JSR Branch to Subroutine BSR

MOTOROLA MICROPROCESSOR DATA
3-840



MC68HCO05C3

BRANCH INSTRUCTIONS

This set of instructions branches if a particular condi-
tion is met; otherwise, no operation is performed. Branch
instructions are two-byte instructions. Refer to the fol-
lowing list for branch instructions.

Function Mnemonic
Branch Always BRA
Branch Never BRN
Branch if Higher BHI
Branch if Lower or Same BLS
Branch if Carry Clear BCC
Branch if Higher or Same BHS
Branch if Carry Set BCS
Branch if Lower v BLO
Branch if Not Equal ) BNE
Branch if Equal BEQ
Branch if Half Carry Clear BHCC
Branch if Half Carry Set BHCS
Branch if Plus BPL
Branch if Minus BMI
Branch if Interrupt Mask Bit is Clear BMC
Branch if Interrupt Mask Bit is Set BMS
Branch if Interrupt Line is Low BIL
Branch if Interrupt Line is High BIH
Branch to Subroutine BSR

CONTROL INSTRUCTIONS

These instructions are register reference instructions
and are used to control processor operation during pro-
gram execution. Refer to the following list for control
instructions.

Function Mnemonic

Transfer A to X TAX
Transfer X to A TXA
Set Carry Bit SEC
Clear Carry Bit : CLC
Set Interrupt Mask Bit SEI

Clear Interrupt Mask Bit CLi

Software Interrupt SWI

Return from Subroutine ' RTS
Return from Interrupt RTI

Reset Stack Pointer RSP
No-Operation NOP
Stop STOP
Wait WAIT

BIT MANIPULATION INSTRUCTIONS

The MCU is capable of setting or clearing any writable
bit which resides in the first 256 bytes of the memory
space where all port registers, port DDRs, timer, timer
control, ROM, and on-chip RAM reside. An additional
feature allows the software to test and branch on the state
of any bit within these 256 locations. The bit set, bit clear
and bit test, and branch functions are all implemented
with a single instruction. For test and branch instructions,
the value of the bit tested is also placed in the carry bit
of the condition code register. Refer to the following list
for bit manipulation instructions.

Mnemonic
BRSET n (n=0...7)
BRCLRn(n=0...7)
BSETn (n=0...7)
BCLRn (n=0...7)

Function

Branch if Bit n is Set

Branch if Bit n is Clear

Set Bit n
Clear Bit n

OPCODE MAP SUMMARY

Table 5 is an opcode map for the instructions used on
the MCU.

ADDRESSING MODES

The MCU uses ten different addressing modes to pro-
vide the programmer with an opportunity to optimize the
code for all situations. The various indexed addressing
modes make it possible to iocate data tables, code con-
version tables, and scaling tables anywhere in the mem-
ory space. Short indexed accesses are single byte
instructions; the longest instructions (three bytes) permit
accessing tables throughout memory. Short and long ab-
solute addressing is also included. One--or two-byte di-
rect addressing instructions access all data bytes in most
applications. Extended addressing permits jump instruc-
tions to reach all memory.

* The term “effective address” (EA) is used in describing

the various addressing modes. Effective address is de-
fined as the address from which the argument for an
instruction is fetched or stored.

IMMEDIATE

In the immediate addressing mode, the operand is con-
tained in the byte immediately following the opcode. The
immediate addressing mode is used to access constants
that do: not change during program execution (e.g., a
constant used to initialize a loop counter).

DIRECT

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

MOTOROLA MICROPROCESSOR DATA
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Table 5. Opcode Map

Bit Manipulation / Mko Control Register/ Memory
"l;a X1 I;( INI INH IMM DS'R %T ]%2 [ A
Hi 8 9 A E Hi
Low 0000 0001 oo o 1000 1001 1010 o 1100 1101 1110 0 ! Low
5 5 3 6 3 )
0 BRSETO BSETO BRA NEG NEGA NEGX NEG - NEG RTH suB SuB SuUB sus suB sus 0
0000 BYS Bs(é Ri; VA DR 1 INH {1 INH Xy x |1 \ND; IMN; 2 D!F; 3 EXI 3 lgfz) \xl\: |>§ Q000
1 BRCLRO BCLRO BRN RTS CcmpP CMP CmP cme CMmP CMP 1
0001 3 BT% 2 BSC RE% i INH |w; 2 DR {3 le 3 |x% le 1 |)§ 0001
. "
2 BRSET1 BSET1 BHI MUL SBC sec SBC SBC S8C SBC 2
0010 3 818 |2 BS(; 2 RE; - 3 _ 'N'; 5 5 = IMM | 2 DR |3 Ex; 3 ng 4)(: 1 1X 0010
3 BRCLRA1 BCLR1 BLS coM COMA . COMX COM COM SWiI CPX CPX CPX CPX CPX S CPX 3
oon 3 375 2 BSC {2 RE% 2 DIR L1 INH| 1 mr; 2 X1 n; IN MM | 2 DR |3 (xl 3 ng X)L 1X 0011
4 BRSET2 BSET2 BCC LSR LSRA T LSRX LSR LSR AND AND AND AND AND AND 4
0100 3 [:3 g as% L 2 OIR |1 INH LY N X1 X MM | 2 Dti; 3 Ex'a 3 1x% AR X 0
5 BRCLR2 BCLR2 BCS ) . ' BIT BIT BIT 8IT BIT BIT 5
0101 BTp 12 asg 2 REL . 3 5 . . i SLEE XT3 lxg a1 - 0101
6 BRSET3 1 BSET3 BNE ROR RORA RORX AOR ROR LDA LDA LDA LDA LDA LDA 6
Qg 3 Bj% 2 BSC 12 RVEI5 2 »Dlg 1 }Nb; ] |m; »xé u; 2~ MM | 2 DIF‘: 3 XT3 1X2 |xg 1 |)‘( 0110
7 BRCLR3 BCLR3 BEQ ASR | ASRA ASRX ASR . ASR TAX STA STA STA STA STA . 7
om 3 - BTB 12 2 RE:L; Vi Dlg 1 lNl; 1 INP; - Ixé né ' INH. Dm3 3 EXT | 3 1xsz ml 1 1)5’ o
D25 7 B a
| 8 BRSET4 BSET4 BHCC LSL LSLA LSLX LSL LSL cLc EOR EOR EOR EOR EOR EOR
1000 3 ars asg REL p»; ) th; 1 IND; 2 L x 1 INH et 2 DR |3 ] |x§ il n;
3 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC
1001 3 BT% 2 8sC 12 RE:L3 2 DIRS 1 |m; 1 |N>; 2 I)(é ug i m»; IMN; 2 t)m3 r3 EXL 3 <x§ »x: Al 1X
A BRSETS BSETS BPL DEC DECA DECX DEC DEC CL ORA ORA ORA ORA ORA ORA
1010 k) alg 2 BSC REL OIR |1 INH | 1 e | 2 X1 X ) INH | 2 OR |3 X113 |x§ X1 |)5 1010
B BRCLRS BCLRS BM1 SE! ADD ADD ADD ADD ADD ADD B
101 3 sv% 2 BSC |2 RE; . 5 - . . 1 INH MM DIR |3 ex; 3 1x2 |x:|, 1 u; 100
2 0
- C BRSET6 | BSET6 BMC INC INCA INCX INC INC RSP JMP JmP IMP JMP JMP [
1100 3 BT% 2 BSC 12 REL D]!; 1 an; 1 INH | 2 wx; \); 1 INH 2 DII; 3 Exé 3 Ix; |xé 1 lé 1100
- 2 3 g ,
D BRCLRE BCLR6 8MS TsT TSTA TSTX TST ST NOP BSA JSR JSR JSR JSR JSR D
1101 k) BTg 2 ascs: 2 ns; 2 R INH |1 INH | 2 ix1 x 1 INH REL DR {3 ExT|3 X2 X[ 1% 1101
? 7 5
E BRSET? BSET? BIL STOP LDX LDX LDX LOX Lox LDX E
1110 3 s?g 2 Bsg 2 RE:L’ - 5 5 . PN w; M| 2 oR i3 ex; 3 |x§ SR x 1190
7
F BRCLR? BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX F
" 3 BTB | 2 8sC | 2 REL| 2 oR |1 WNH | NH | 2 X1 x | e |1 INH 2 DR |3 ExT| 3 x2 X1 [£8 EERLLI
Abbrevistions for Address Modes LEGEND
INH inhe )
A Accu::wn\:lat or F = Opcode in Hexadecimal
. 111
X Index Register 3
iMM Iimmediate v ode in Bin
DIR ~ - Direct Mnemonic | > SUB/ 0 Opcode in Binary
EXT - Extended Bytes ————>¢ 1 IX 0000 )
REL Relative
8SC - Bit Set/Clear Cycles Address Mode
BTB Bit Test and Branch
IX Indexed (No Offset)
IX1 Indexed, 1 Byte (8-Bit) Offset
1X2 Indexed, 2 Byte (16-Bit} Offset
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MC68HC05C3

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 in
memory with a single three-byte instruction. When using
the Motorola assembler, the user need not specify whether
an instruction uses direct or extended addressing. The
assembler automatically selects the.shaortest form of the
instruction.’ )

RELATIVE

The relative addressing mode 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, control proceeds to the next instruction. The

span of relative addressing is from —126 to +129 from

the opcode address. The programmer need not calculate
the offset when using the Motoroia assembler, since it
calculates the proper offset and checks to see that it is
within the span of the branch.

INDEXED, NO OFFSET

In the indexed, no offset addressing mode, the effective
address of the argument is contained in the 8-bit index
register. This addressing mode can access the first 256
memory locations. These instructions are only one byte
long. This mode is often used to move a pointer through
a table or to hold the address of a frequently referenced
RAM or /0 location.

INDEXED, 8-BIT OFFSET

In the indexed, 8-bit offset addressing mode, the ef-
fective address is the sum of the contents of the unsigned
8-bit index register and the unsngned byte followmg the
opcode. The addressmg mode is useful for selecting the
Kth element in an n element table. With this two-byte
instruction, K would typically be in X with the address of
the beginning of the table |nkthe instruction. As such,
tables may begin anywhere within the first 256 address-
able locations and could extend as far as location 510
($1FE is the last location at which the instruction may
begin).

INDEXED, 16-BIT OFFSET

In the indexed, 16-bit offset addressing mode, the ef-
fective address.is the sum of the contents of the unsigned
8-bit index register and the two unsigned bytes following
the-opcode. This address mode can be used in-a- manner
similar to indexed, 8-bit offset except that this three-byte
instruction allows tables to be anywhere in memory. As
with direct and extended addressing, the Motorola as-
sembler determines the shortest form of indexed ad-
dressing.

BIT SET/CLEAR )
In the bit set/clear addressing mode, the bit to be set

.or cieared is part of the opcode, and the byte following

the opcode specifies the direct addressing of the byte in
which the specified bit is to be set or.cleared. Any read/
write bit in the first 256 locations of memory, including
1/0, can be selectively set or cleared with a single two-

" byte instruction.

BIT TEST AND BRANCH

The bit test and branch addressing mode is a combi-
nation of direct'addressing and relative addressing. The
bit that is to be tested and its condition (set-or clear),.is
included in the opcode. The address of the byte to be
tested is in the single byte immediately following the
opcode byte. The signed relative 8-bit offset in the third
byte is added to the PC if the specified bit is set or cleared
in the specified memory location: This single three-byte
instruction allows the program to branch based on the
condition of any readable bit in the first 256 locations of
memory. The span of branching is from.-125 to +130.
from the opcode address. The state of the tested bit is
also transferred to the carry bit of the condition code
register.

INHERENT

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

MOTOROLA MICROPROCESSOR DATA
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MC68HCO05C3

""ELECTRICAL SPECIFICATIONS

MAXIMUM RATINGS (Voltages referenced to Vgs)

Rating Symbol Value Unit Thié device contains circuitry m’profect the in-
puts against damage due to high static voltages
Supply Voltage VDD ~031t +7.0 v or electric fields; however, it is advised that nor-
Input Voltage ‘ Vin Vgg -0.3to Y mal precautions be taken to avoid application of
. Vpp +0.3 any voltage higher than maximum-rated voltages
pr—— ; ; to this high-impedance circuit. For proper oper-
Self-Check Mode (IRQ Pin Only) Vin ;/3\8/‘03(;‘; v ation, it is recommended that Vi, and Vgt be
xVDD+?Y. constrained to the range Vgg = (Vin or Vout) =
Current Drain Per Pin Excluding I 25 mA Vpp. Reliability of operation is enhanced if un-
VpDp and Vss used inputs are connected to an appropriate logic
; level (e.g., €i V. Vpp). * -
Operating Temperature Range TA TLto TH °C . voltage level (e.g., either Vss or Vpp)
MC68HCO5C3P, FN 0to +70
MC68HCO05C3CP, CFN -40 to +85
MCB8HCO5C3VP, VFN —40to +105
MC68HCO5C3MP, MFN ~40to +125
Storage Temperature Range Tstg —65 to + 150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol || . Value Unit
Thermal Resistance - HJA CW
Plastic : 60
Plastic Leaded Chip Carrier (PLCC) 70

POWER CONSIDERATIONS

For most applications P, o<P|NT and can be neglected.

The average chip-junction temperature, T, in °C can
The following is an approximate relationship between

be obtained from:

Ty=Ta+(Ppeoja) (1) Pp and T (if P|,g is neglected):
where: . Pp =K+ (T +273°C) ) (2)
Ta = Ambient Temperature, °C Solving equations (1) and (2) for K gives:
LAY = Package Thermal Resistance, K=Pp+(TA+273°C)+tyaPp? ~ (3)

Junction-to-Ambient, °C/W
Po. =PINT*PiO )
PINT  =lccx Ve, Watts — Chip Internal Power
Pio = Power Dissipation on Input and Output
Pins — User Determined

Vpp=45V
Pins R1 R2 [
PA0-PA7, 3.26 k2 | 2.38 k2 50 pF
PBO-PB7,
PCO-PC7,
PD1-PD4
PDO, PD5,PD7 | 1.9k} | 2.26 k(2 | 200 pF
Vpp=3.0V
Pins R1 R2 [
PAO-PA7, 10.91 k2 | 50 pF
PBO-PB7, 6.32 k)
PC0-PC7,
PD1-PD4
PDO, PD5, PD7| 6 k2 6 k() 200 pF

where K'is a constant pertaining to the particular part. K
can be determined from equation (3) by measuring Ppy
(at equilibrium) for a known Ta. Using this value of K,
the values of Pp and T j can be obtained by solving equa-
tions (1) and (2) iteratively for any value of Tx.

VoD
R2
(See Table)
Test
Point
c R1
(See (See Table)
Table)

Figure 18. Equivalent Test Load
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MC68HC05C3

DC ELECTRICAL CHARACTERISTICS
(Vpp=5.0 Vdc +10%, Vg5 =0 Vdc, TA=T| to TH, unless otherwise noted)

Characteristic : Symbol Min © Typ Max Unit
Output Voltage, [ 9ad=<10.0 pA VoL — — 0.1 \
VOH Vpp-0.1 — —
Output High Voltage VoH . Vv
(ILoad = 0.8 mA) PA0-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) Vpp-0.8 — -~ ]
(ILoad = 1.6 mA) PD1-PD4 (see Figure 20) Vpp-0.8 - -
Output Low Voltage (see Figure 21) VoL —_ C— 0.4+ \
(ILoad = 1.6 mA) PAO-PA7, PB0-PB7, PC0-PC7, PD1-PD4, TCMP i -
Input High Voltage VIH 0.7xVpp — VDD v
PA0-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, S
RESET, 0SC1
Input Low Voltage ViL Vss — 02xVpp' \%
PAQ-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, ' E :
RESET, 0SC1
Data Retention Mode (0° to 70°C) : VRM 2.0 — — v
Supply Current (see Notes) Iob .
Run (see Figures 22 and 23) —_ 35 7.0 mA
Wait (see Figures 22 and 23) — 1.6 4.0 mA
Stop (see Figure 23)
25°C e 2.0 50 WA
0 to 70°C (Standard) — — 140 pA
~40" to +85°C — — 180 wA
-40° to +125°C — — 250 | . pA
| O Ports Hi-Z Leakage Current L — — 210 A
PAQO-PA7, PBO-PB7, PCO-PC7, PD1-PD4
Input Current lin - — =1 pA
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 :
Capacitance © pF
Ports (as Input or Qutput) Cout — — 12 :
RESET, IRQ, TCAP, PD0-PDS, PD7 ) : Cin — — 8
NOTES:

1. All values shown reflect average measurements.

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

. Wait Ipp: Only timer system active (SPE=TE =RE =0). If SPI, SC! active (SPE=TE=RE=1) add 10% current draw

. Run (Operating) Ipp., Wait Ipp: Measured using external square wave clock source (foge=4.2. MHz), all |nputs 0.2 V from rail;
no dc loads, less than 50 pF on all outputs, C| =20 pF on OSC2.

. Wait, Stop Ipp: All ports configured as inputs, V| =0.2V, V|4=Vpp-0.2 V. ~

. Stop Ipp measured with OSC1=Vgs.

. Standard temperature range is 0° to 70°C.. Extended temperature versions and a 25°C: only version-are avallable

. Wait Ipp is affected linearly by the OSC2 capacitance.

BwWN

o ~N O,

L |
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MC68HC05C3

DC ELECTRICAL CHARACTERISTICS
(VDD =3.3 Vdc 0.3 Vdc, Vgg =0 Vdc, Ta =T to TH, unless otherwise noted)

) Characteristic Symbol Min Typ Max Unit
Output Voltage, I oad<10.0 nA VoL — — - 01 \%
L : VOH Vpp-0.1 — -
Output High Volitage ‘ VOH \
(ILoad = 0.2 mA) PA0-PA7, PB0-PB7, PCO-PC7, TCMP (see Figure 19) Vpp-0.3 — —
(ILoad = 0.4 mA) PD1-PD4 (see Figure 20) Vpp-0.3 — —
Output Low Voltage (see Figure 21) VoL — — 03 - %
(ILoad = 0.4 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP St
Input High Voitage ViH 0.7xVpp — VbD \
PAQO-PA7, PBO-PB7, PCO-PC7, PDO- PD5 PD7, TCAP IRQ . '
RESET, 0SC1
Input Low Voltage - ViL Vss — 0.2xVpp V.
PAO-PA7; PB0-PB7, PCO-PC7, PDO-PD5, PD7 TCAP, IRQ,
RESET, OSC1
Data Retention Mode (0° to 70°C) : VRM 2.0 — : — v
Supply Current (see Notes) DD
Run (see Figures 22 and 24) — 1.0 2.5: mA
Wait (see Figures 22 and 24) — 0.5 - 14 mA
Stop (see Figure 24) )
25°C T - 1.0 30 wA
0° to 70°C (Standard) — — 80 pA
~40° to +85°C : — — 120 pA
—40° to +125°C — — 175 rA
1/0 Ports Hi-Z Leakage Current L — — =10 . A
PAQ-PA7, PB0-PB7, PCO-PC7, PD1-PD4 L
Input. Current lin - — =1 pA
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7
Capacitance pF
Ports (as Input or Output) Cout — - . 12
RESET, IRQ, TCAP, PD0-PD5, PD7 Cin — — 8.
NOTES:
1. All values shown reflect average measurements.
2. Typical values at midpoint of voltage range, 25°C only.
3. Wait Ipp: Only timer system active (SPE=TE=RE =0). If SPI, SCI active (SPE=TE=RE = 1) add 10% current draw. .
4. Run (Operating) Ipp. Wait Ipp: Measured using external square wave clock source; (fogc=4.2 MHz), all inputs 0.2 V from rait;

no dc loads, less than 50 pF on all outputs, C| =20 pF on 0SC2.
. Wait, Stop Ipp: All ports configured as inputs, V| =0.2 V, Vi4=Vpp~-0.2 V.
. Stop Ipp measured with OSC1=Vgg. '
. Standard temperature range is 0° to 70°C. Extended temperature versions and a- 25°C only version are avaulable
. Wait Ipp is affected linearly by the OSC2 capacitance. .

0o ~N W,
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5.0
4.0s
_ 30
3
£
T
o
2.0
1.0 {
o
//Q"
\\OT
o !
0 0.2 0.4 0.6 0.8

Vpp-VoH (Volts)

Figure 19. Typical VOH vs loH for Ports A, B, C, and TCMP

6.0

|/

8.0 4.0 A /
N
~
- S,
6.0 £ 30
N/ E /
< )
£ Q / %
240 Q9 20 (S
4
74
2.0 ;Jo 1.0
&
0 -4 0
0 0.2 0.4 0.6 0 0.1 0.2 0.3 04
VpD-VoH (Volts) VoL (Volts
Figure 20. Typical VQH vs IQH for PD1-PD4 Figure 21. Typical Vgi vs loy for All Ports
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35 (3.5 mA} 35
3.0 3.0
(2.9 mA)
RUN
(OPERATING)
MODE /
25 25
WAIT
MODE
2.0 20
3 —
£ £
S 8 (1.6 mA),
15 I Y
(1.45 mA)
(1.0 mA)
1.0 10
(0.9 mA)
0.5 4 056 —{0.5 mA)
(0.4 mA}
0 0 1
o] 0.5 1.0 15 2.0 0 0.5 1.0 15 2.0
Internal Frequency 1/tcycle (MHz) Internal Frequency 1/tcycle (MHz)

Figure 22. Typical Current vs Internal Frequency for Run and Wait Modes
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Ipp (mA)

MC68HC05C3

7.
0 (7.0 mA)
VoD =5V +10%

6.0 /
5.0 /
40

(4.0 mA)
3.0
20
1.0
Stop Ipp (140 A, 0°— 70°C)
0 }
0 05 1.0 15 2.0

Internal Frequency (MHz) ~

Figure 23. Maximum Ipp vs Frequency for Vpp =5.0 Vdc

(2.6 mA
25 T
VpD=3.3V+10%
2.0
RS 1.4 mAl
<
£ /
- .
o
10
05
; Stop Ipp (80 wA; 0°=70°C)
o 1 e | B
R j T
0.2 04 0.6 0.8 1.0 -

Internal Frequency (MHz)

kkFigure 24. Maximum Ipp'vs Frequency for Vpp =3.3 Vde
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MC68HC05C3

CONTROL TIMING
(VDD =5.0 Vdc £ 10%, Vgg=0Vdc, Tp= T|_ to TH)
Characteristic Symbol Min Max Unit
Frequency of Operation ) fosc MHz
Crystal Option — 4.2
External Clock Option dc 42
Internal Operating Frequency fop MHz
Crystal (fogc+2) — 2.1
External Clock (fogc + 2} dc 2.1
Cycle Time (see Figure 28) teye 480 — ns
Crystal Oscillator Startup Time (see Figure 28) o toxov — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) tILCH — 100 ms
RESET Pulse Width (see Figure 28) ' tRL 15 - teye
Timer '
Resolution** tRESL 4.0 — teye
Input Capture Pulse Width (see Figure 26) . tTH, tTL 125 — ns
Input Capture Puise Period (see Figure 26) tTLTL xxx — teye
Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) TR S 125 — ns
Interrupt Pulse Period (see Figure 8) - - : fILIL * — toye
0SC1 Pulse Width tOH. tOL 90 — ns

*The minimum period tj| || should not be less than the number of cycle times it takes to execute the interrupt service routine plus
21 teye. '
**Since a 2-bit prescaler in the timer must count four internal cycles [tcyc), this is the limiting minimum factor in determining the
timer resolution.
***The minimum period tT T should not be less. than the number of cycle times it takes to execute the capture interrupt service
routine plus 24 teyc.

le— tRL —

i N/

(€~ ULIH 3]

o NI T T IR T T 7T 7777,

TRQ2

[ ) CH ——————— e 40641cyc —

Internal v“"0’0‘v‘v‘V‘A 1FFE X 1FFE)< ‘FFF‘L)C

Address
Bus
RESET or Interrupt

NOTES: Vector Fetch

1. Represents the internal gating of the OSC1 pin. :

2. TRQ pin edge-sensitive mask option.

3. TRQ pin level and edge-sensitive mask option.

4. RESET vector address shown for timing example.

Figure 25. Stop Recovery Timing Diagram
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MC68HC05C3

CONTROL TIMING
(Vpp=3.3 Vdc+0.3 Vdc, Vgg=0 Vdc, To=T| to TH)
Characteristic . Symbol Min Max Unit
Frequency of Operation fosc e i " MHz
Crystal Option — 2.0
External Clock Option ) dc 2.0
Internal Operating Frequency fop MHz
Crystal (fogc+2) — 1.0 -
External Clock (fogc +2) o dc 1.0
Cycle Time (see Figure 28) teye 1000 - ns
Crystal Oscillator Startup Time (see Figure 28) 1OXOV — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) HLCH — 100 . ms
RESET Pulse Width — Excluding Power-Up (see Figure 28) tRL 1.5 - - teye
Timer . o
Resolution** tRESL 4.0 — 1 teye
Input Capture Pulse Width (see Figure 26) - tTH. tTL 250 — ns
Input Capture Pulse Period (see Figure 26) TLTL *xn - teye
Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) HLIH 250 — ns
Interrupt Pulse Period (see Figure 8) ) tLiL * — teye
0SC1 Pulse Width tOH. tOL 200 — - ns 3

" *The minimum period tj | should not be less than the number of cycle times it takes to execute the interrupt seryice routine plus
21 teye- o ’ .
**Since a 2-bit prescaler in the timer must count four internal cycles (teye), this is the limiting minimum factor in determining the
timer resolution. .
+ ¥**The minimum period tT_T| should not be less than the number of cycle times it takes to execute the capture interrupt service
routine plus 24 teyc. : o '

e ] e e
[ o O e I o I o e i O

Pin 37)

Figure 26. Timer Relationships
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MC68HC05C3

SERIAL PERIPHERAL INTERFACE (SPI) TIMING
(VDD =5.0 Vdc+10%, Vg5 =0 Vdc, TA=T| to TH) (see Figure 27)

Num. L Characteristic SVmboIv .. Min Max Unit
Operating Frequéncy ) .

Master: - : fop(m) dc 0.5 - fop

Slave fop(s) dc 2.1 MHz
1% Cycle Time .

Master teye(m) 2.0 — teye

Slave : . . teye(s) 480 — .ns
2 Enable Lead Time .

Master - . tiead(m) * — ns

Slave tiead(s) 240 - . ns
3 |Enable Lag Time ) . . .

Master . 1. tlagim)- * — ns

Slave . o tlag(s) 240 — ns
4  [Clock (SCK) High Time; . iy

Master e . tw{SCKH)m 340 . ! ns -

Slave S tw(SCKH)s 190 , - ns.
5. | Clock (SCK) Low Time . , S ;

: Master o tw(SCKL)m’ 340 — ' ns

Slave . . tw{SCKL)s 190 —_— ns
6 | Data Setup Time (Inputs) . )

Master. . . tsu(m) . 100 — .S

Slave ' tsu(s) 100 — ns
7 Data Hold Time (Inputs) . . .

Master th(m) 100 - ns

Slave . . . i i ] th(s) . 100 , — - ns
8 | Access Time (Time to Data Active from High-Impedance State)

Slave ta 0 120 ns
9 Disable Time (Hold Time to High-Impedance State)

Slave tdis —_ 240 ns
10 | Data Valid

Master (Before Capture Edge) ty(m) 0.25 — teye(m)

Slave (After Enable Edge)** tu(s) — 240 ns
11 | Data Hold Time (Outputs) ) . )

Master (After Capture Edge) : tho(m) 0.25 — teyelm)

Slave {After Enable Edge) . ! _tho(s) 0 — ns
12 |Rise Time (20% Vpp to 70% Vpp, Cy =200 pF}

SPI Qutputs (SCK, MOSI, and MISO} trm — 100 ns

SP! tnputs (SCK, MOSI, MISO, and SS) ) trs — 2.0 us
13 | Fall Time (70% Vpp to 20% Vpp, C =200 pF) ‘

SPi Outputs (SCK, MOSI, and MiSQ) _ tfm — 100 ns

SPI Inputs (SCK, MOSI, MISO, and SS) s - 2.0 ws

*Signal production depends on software.
**Assumes 200 pF load on all SPI pins.
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MC68HC05C3

SERIAL PERIPHERAL INTERFACE (SPI) TIMING
(Vpp=3.3Vdc+0.3 Vdc, Vgg=0 Vdc, TA=T| to TH) (see Figure 27)

Num. Characteristic Symbol Min Max Unit
Operating Frequency T

Master fop(m) dc 0.5 fop

Slave fopls) dc 1.0 MHz
1 Cycle Time . .

Master : teyc(m) 20 - | — teye

Slave ‘ toye(s) 1.0 — us
2 |Enable Lead Time o ; o

Master 7 ’ tiead(m) * — ns

Slave : ‘ | tead(s) 500 . —_ . ns
3 |Enable Lag Time: .

Master : ) ‘ Yag(m) * - pe 8

Slave ‘ ) © i Nagls) 500 - |- — ns
4 | Clock {SCK) High Time ’ ' ' 0 s

Master . NER tw(SCKHIm 720 - — us

Slave - . : tw(SCKH)s | . 400 — ns
5 | Clock (SCK) Low Time" |

Master ’ tw(SCKL)m | ' 720 — us

Slave s L dw(SCKL)s [ . 400, . - L
6 | Data Setup Time (Inputs)

Master T : 1 tsu(m) 200 — ns

Slave tsu(s) 200 — ns
7 Data Hold Time (Inputs)

Master th(m) 200 — ns

Slave th{s) 200 — ns
8 |Access Time (Time to Data Active from High-Impedance State) - | .

Slave ta .0 250 : ns
9 | Disable Time (Hold Time to High-Impedance State) '

Slave ; L . tdis T 500 ns
10 | Data Valid » o o e

Master (Before Capture Edge) e ty{m) 0.25 — ~teye(m)

Slave (After Enable Edge)** tv(s) - 500 ns
11 | Data Hold Time (Outplts) ) ' . : '

Master (After Capture Edge) ) ) ; tho(m) 0.25 - teye{m)

Slave (After Enable Edge) o L tho(s) C0 — ns
12 | Rise Time (20% Vpp to 70% Vpp.-CL =200 pF) . . :

SPI Outputs (SCK, MOSI, and MISO) - : trm Lo 200 oons

SPI inputs (SCK, MOSI, MISO, and SS) ot - 2.0 us
13 | Fall Time (70% Vpp to 20% Vpp; C[ =200 pF) L

SPI Outputs {SCK, MOSI, and MISO) _ Hm. — 200 wons

SPI Inputs (SCK, MOSI, MISO, and SS) 5 “tfg — 2.0 ps

*Signal production depends on software.
**Assumes 200 pF load on all SPI pins.
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&

5 .
{NPUT) T3 is Hold High on Master

. . - | ' -t
mee @ O S
- ‘ X} }

wOn - [+®
4o (e (e e
' N . 0 R - - .
MOSI MASTER MSB OUT ‘K BITG----1 ) MASTER LSB OUT o
(OUTPUT) : ! : N A
o - - 12

NOTE: . This first clock edge is generated internally but is not seen at the SCK pin.

a) SPI MASTER TIMING (CPHA =0)

&

ﬁPUT) $Sis Hold High on Master

SCK (CPOL=0)
(OUTg’UT) ) /

' —®
SCK (CPOL=1
oot \‘:‘ , 1t @ ‘

A

MISO . BTG

W L e (G
~®

' - - 11 (ref)

N . O
Mosi MASTER MSB OUT [( BIT6----1 )] MASTER LSB OUT
{OUTPUT) . : o N >N A
Al
- S @

NOTE: This last clock edge is generated intemally but is not seen at the SCK pin.

b} SPI MASTER TIMING (CPHA=1)

/ SEE
NOTE

-

Figure 27. SPI Timing Diagrams (Sheet 1 of 2)

MOTOROLA:MICROPROCESSOR DATA
3:854



MC68HC05C3

—
55
(INPUT) —\ \ ,Z
’ A\l
. o
SCK (CPOLs0) - - N
(INPUT) &
SCK (CPOL=1) ‘s E 7 b
(INPUT)
- ; NIEE ® b
MISO y M 1y X/ seE Y
<ourpun_§ SLAVE | | MsBouT BT6---1 ’K SLWVELSBOUT | X \Ge 15—
" Al
e+ (D

N T @ - @ -
(INPUT) 5 A

NOTE:  Not defined but normally MSB of characier just received.

c) SPI SLAVE TIMING (CPHA =0)

55 \
(INPUT) . . N I
- -—@—-———-— N -l ‘_@
SCK (CPOL=0) ‘ f \
(NPUT) : P b
SCK (CPOL=1) ; l: j( ﬁ/"‘—:
(INPUT) . A
O o p® ([ ‘ . ;*% i);@ ®O b
MISO SEE , N 3
ouTPUT) _<: Nt X SWAVE || MsBour BTG 1 ,E( SLAVE 1B OUT ’E__
A
5>+ D Q e

L X
MOSI - Ty X ’
(INPUT) ———  MseN JE-—( BIT6 .1)—'< LSBIN >___

L \

NOTE:  Not defined but normafly LSB of character previously transmitted.

d) SPI SLAVE TIMING (CPHA=1)

Figure 27. Pl Timing Diagrams ({Sheet 2 of 2)
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* Internal timing signal and bus information not available externally.
**0SC1 line is not meant to represent frequency. [t is only used to represent time
**#The next rising edge of the internal processor clock foliowing the rising edge of RESET initiates the reset sequence

Figure 28. Power-On Reset and RESET .
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ORDERING INFORMATION

The following information is required when ordering a
custom MCU. The information may be transmitted to Mo-
torola in the following media:

MDOS®, disk file

MS®@.DOS/PC-DOS disk file (360K}

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM
MC68HC805C4

To initiate a ROM pattern for the MCU, it is necessary
to first contact the local field service office, a sales person,
or a Motorola representative.

FLEXIBLE DISKS

A flexible disk (MS-DOS/PC-DOS disk file), pro-
grammed with the customer’s program (positive logic
sense for address and data), may be submitted for pattern
generation. The diskette should be clearly labeled with
the customer’s name, data, project or product name, and
the name of the file containing the pattern.

In addition to the program pattern, a file containing the
program source code listing can be included. This data
will be kept confidential and used to expedite the process
in case of any difficulty with the pattern file.

MS-DOS/PC-DOS Disk File

MS-DOS is Microsoft’s Disk Operating System. PC-DOS
is the IBM® Personal Computer (PC) Disk Operating Sys-
tem. Disk media submitted must be a standard density
(360K) double-sided 5 1/4 inch compatible floppy diskette.
The diskette must contain object file code in Motorola’s
S-record format. The S-record format is a character-based
object file format generated by M6805 cross assemblers
and linkers on IBM PC style machines.

EPROMs

A 2764, 68764, or 68766 type EPROM, programmed
with the customer’s program (positive logic sense for
address and data), may be submitted for pattern gener-
ation. Since all program and data space information will
fit on one 2764, 68764, or 68766 EPROM device, the EPROM
must be programmed as described in the following par-
agraphs.

For an MC68HC805C4 MCU start the page zero, user
ROM at EEPROM address $0020 through $004F. Start the
user ROM at EEPROM address $0100 through $0BFF with
vectors from $1FF4 to $1FFF. All unused bytes, including
the user’s space, must be set to zero. For shipment to
Motorola, EPROMs should be placed in a conductive IC
carrier and packed securely. Styrofoam is not acceptable
for shipment.

MDOS is a trademark of Motorola Inc.
MS is a trademark of Microsoft, Inc.

XXX

$0020

xxx = Customer 1D

Verification Media

All original pattern media (EPROMs or floppy disks) are
filed for contractual purposes and are not returned. A
computer listing of the ROM code will be generated and
returned along with a listing verification form. The listing
should be thoroughly checked, and the verification form
should be completed, signed, and returned to Motorola.
The signed verification form constitutes the contractual
agreement for the creation of the customer mask. To aid
in the verification process, Motorola will program cus-
tomer supplied blank EPROM(s) or DOS disks from the
data file used to create the custom mask.

ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the customer’'s ROM pattern will
be sent for program verification. These units will have
been made using the custom mask, but are for the pur-
pose of ROM verification only. For expediency, the MCUs
are unmarked, packaged in ceramic, and tested with five
volts at room temperature. These RVUs are free with the
minimum order quantity, but are not production parts.
RVUs are not backed or guaranteed by Motorola Quality
Assurance.

ORDERING INFORMATION

The following table provides ordering information per-
taining to the package type, temperature, and MC order
numbers for the MC68HC05C3 device.

Package Type Temperature MC Order Number
Plastic 0°C to +70°C MC68HCO05C3P
(P Suffix) —40°C to +85°C | MCB8HCO5C3CP
—40°C to +105°C | MC68HC05C3VP
—40°C to +125°C | MC68HCO5C3MP
PLCC 0°C to +70°C MC68HCO5C3FN
(FN Suffix) —40°C to +85°C | MCB8HCO5C3CFN
—40°C to +105°C | MC68HCO5C3VFN
—40°C to +125°C | MC68HCO5C3MFN

IBM is a registered trademark of International Business Machines Corporation.
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PIN ASSIGNMENTS

40-PIN DUAL-IN-LINE PACKAGE

RESETH 1 40
iRQM 2 39
Ncl} 3 38
PA7L 4 37
PA6l} & 36
PAsQ 6 35
PA4T} 7 34
PA3[} 8 33
PA2l} 9 32

JVDD

] 0scC1

] osc2

1 TCAP
 PD7

1 TcmP

1 PD5/SS

[ PD4/SCK
[] PD3/MOSI
[ PD2/MiSO
[ PD1/TDO
[1 PDO/RDI

[1rco
1129
]pPC2
1lo]
[ pca
[y Pcs

gpcs

PC7

© Bocoy
S92l o88¢L ¢
6 40
PAS(]7 1 39{] PD7
PA4 i N TcMP
PA3(] [ PD5/SS
PA2(] ) PD4/SCK
pA1(] 1 PD3/MOSI
PAO[]12 341 PD2/MISO
PBO( NPOI/TDO
pe1( [l PNO/RDI
P82(] Drco
PBSE slol
PB4[J17 29P PC2
18 23 28
CreEaCNE8T S
Z3888529988¢

NOTE : Bulk substrate tied to Vgs.
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MOTOROLA
ISEMICONDUCTOR /50

TECHNICAL DATA
MC68HC05C4

Technical Summary
8-Bit Microcontroller Unit

The MC68HC05C4 (HCMOS) microcontroller unit (MCU) is a member of the M68HCO05 Family of
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro-
grammable as input or output. This publication contains condensed information on the MCU; for
more detailed information, contact your local Motorola sales office.

The following block diagram depicts the hardware features; additional features available on the
MCU are as follows: :

® On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options

e  Memory-Mapped /0
e 176 Bytes of On-Chip RAM
® 4156 Bytes of User ROM
® 24 Bidirectional 1/O Lines and 7 Input-Only Lines
e Serial Communications Interface (SCI} System
e Serjal Peripheral Interface (SPI) System
o Self-Check Mode
® Power-Saving STGP, WAIT, and Data Retention Modes
e Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode})
e Fully Static Operation
® 8x8 Unsigned Multiply Instruction
BLOCK DIAGRAM
TCMP 0SC1 0SC2
Internal { Internal
TCAP Timer Prgt‘:scs:or Oscillator | processor
e System and Clock _
+2 r————— RESET
r—‘—'_—‘—_ mﬁ
«—PA0 ] A 1 PCO . .
gﬁ; ' ccumulator PC1
POrt i CcPU pPc2 Port
PA3 Port | Data Index Control Dgxa Port ‘—'_“—_‘*Pca or
110 «—2AS of A Dir |4 Register — Bir { C | —FC o o
Lines «—L2AS gl Reg | Reg - fieg | fieg la—LBC8 o |ines
- g:g » Coggétéon ‘ BC6
» Register < PC7. >
CcPU
PBO. - Stack p—{ PortD  Je—rt2l
PB1 Pointer
Port =£BZ o P S| TRD(;((ZBO))
Ort  et———ge! rogram D! 1
8 PB3 | Port | Data Counter [*MISO (PO21
- p L MISO (PD2)L,,
/0 B84 5| 8 Dir - —4 High ALU MOSI(PD3)
Lines B8 ! Reg | Reg Program r— SPI SCK{PDA) 5.
-t Caunter <SS (PDS)
P ow 1 Baud Rate
4156 - 8 1576><8 Internal
ROM tatic
RAM Pr(o:ices:or
240 x 8 oc
Self-Check
ROM

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

The signal descriptions of the MCU are discussed in
the following paragraphs.

Vpp AND Vsgs

Power is supplied to the microcontroller using these
two pins. Vpp is the positive supply, and Vs is ground.

IRQ

This pin is a programmable option that provides two
different choices of interrupt triggering sensitivity. Refer
to INTERRUPTS for more detail.

0SC1, 0sC2

These pins provide control input for an on-chip clock
oscillator circuit. A crystal, a ceramic resonator, a resistor/
capacitor combination, or an external signal connects to

Crystal
2MHz | 4 MHz | Units
RSMAX 400 75 Q
Co 5 7 pF
Cq 0.008 | 0.012 uF
Cosci 15-40 15-30 pF
[ 1530 | 1525 PF
Rp 0 0 )
Q 30 a0 K

these pins providing a system clock. A mask option se-
lects either a crystal/ceramic resonator or a resistor/ca-
pacitor as the frequency determining element. The
oscillator frequency is two times the internal bus rate.

RC Oscillator

With this option, a resistor is connected to the oscillator
pins as shown in Figure 1(d). The relationship between
R and fggc is shown in Figure 2.

Crystal

The circuit shown in Figure 1(b} is recommended when
using a crystal. Using an external CMOS oscillator is rec-
ommended when crystals outside the specified ranges
are to be used. The crystal and components should be
mounted as close as possible to the input pins to mini-
mize output distortion and start-up stabilization time. Re-
fer to ELECTRICAL SPECIFICATIONS for Vpp
specifications.

Ceramic Resonator

2-4 MHz| Units
Rg (typicall 10 Q
Co . 40 pF
C 4.3 pF
Cosci 30 pF
Cosc2 30 pF
Rp 110 MQ
Q 1280 —

(a) Crystal/Ceramic Resonator Parameters

MCU
0sC1 0sc2
9 Rp 38

WA

-

= Cosc2

Cosci T

(b) Crystal/Ceramic Resonator
Oscillator Connections

Mcu
0SC1t 0SC2

|39 ,38

R

(d) RC Oscillator Connections

0SC2 — Y| AM——— OSCI
® 4 . P

(c) Equivalent Crystat Circuit

Mcu
0SC1 0SC2
39 38

Unconnected

L External Clock

(e) External Clock Source Connections
(For Crystal Mask Option Only)

Figure 1. Oscillator Connections
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10
5
«

5 2 -
T
= 1
3
§ o5
$ .
g o2 S
5
s 01 :
3
2
© 005

0.02

0.01

1 2 5 10 20 50 100 200 500 1000

Resistance (k@)

Figure 2. Typical Frequency vé Resistance for
RC Oscillator Option Only

Ceramic Resonator

A ceramic resonator may be used in place of the crystal
in cost-sensitive applications. The circuit in Figure 1(b) is
recommended when using a ceramic resonator. Figure
H{a) lists the recommended capacitance and resistance
values. The manufacturer of the resonator considered
should be consulted for specific information on resonator
operation.

External Clock

An external clock should be applied to the OSC1 input
with the OSC2 input not connected, as shown in Figure
1(e). This option may only be used with the crystal os-
cillator mask option.

INPUT CAPTURE (TCAP)

This pin controls the input capture feature for the on-
chip programmabile timer.

OUTPUT COMPARE (TCMP)

This pin provides an output for the output compare
feature of the on-chip tlmer
RESET

This pin is used to reset the MCU and provide an or-
derly start-up procedure by pulling RESET low.

INPUT/QUTPUT PORTS (PAO-PA7, PB0-PB7, PCO-PC7)

These 24 lines are arranged into three 8-bit ports (A,
B, and C). These ports.are programmable as either inputs
or outputs under software control of the data direction
registers. Refer to PROGRAMMING for additional infor-
mation.

FIXED INPUT PORT (PD0-PD5, PD7)

These seven lines comprise port D, a fixed input port.
All speciat functions that are enabled (SPI, SCl) affect this
port. Refer to PROGRAMMING for additional information.

PROGRAMMING

Input/output port progra'mming, fixed input port pro-
gramming, and.serial port programming are discussed
in the following paragraphs.

INPUT/OUTPUT PORT PROGRAMMING

Any port pin is programmable as either an input or an
output under software control of the corresponding data
direction register (DDR). Each port bit can be selected as
output or input by writing the corresponding bit in the
port DDR to a logic one for output and logic zero for input.
On reset, all DDRs are initialized to logic zero to put the
ports in the input mode. The port output registers are not
initialized on reset but may be written to before setting
the DDR bits to avoid undefined levels.

When programmed as outputs, the latched output data
is readable as input data regardless of the logic levels at
the output pin due to output loading. The latched output
data bit may always be written. Therefore, any write to
a port writes all of its data bits, even though the port DDR
is set to input. This port write-may be used to initialize
the data registers and avoid undefined outputs. Refer to
Figure 3 for typical port circuitry and to Table 1 for a list
of the /O pin functions.

Table 1. VO Pin Functions

RIW* DDR 1/O Pin Functions
0 0 - [The #/0 pin is in input mode. Data is
. written‘into the output data latch.

0 1 Data is writtén into the output data latch
and output to the /O pin.

1 0 The state of the 1/0 pin is read.

1 1 The I/0 pin is in an output mode. The
output data latch is read.

*R/W is an internal signal.
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Data Direction

/ «—>»| ' Register
s Bit

Latched
Internal

Dl\ 170

;—-b Output Data
MCU Bit

Connections

Iy Pin
m

Figure 3. Typical Port I/0 Circuit

FIXED INPUT PORT PROGRAMMING

Port D is a fixed input port (PD0-PD5, PD7) that monitors
the external pins whenever the SCI or SPI is disabled.
After reset, all seven bits become valid inputs because
all special function drivers are disabled. For example,

with the SCl enabled, PDO and PD1 inputs will read zero. -

With the SPI disabled, PD2 through PD5 will read the state
of the pin at the time of the read operation.

‘NOTE

Any unused ‘inputs and /O ports should be tied to
an appropriate Iogic level (e.g., either Vpp or Vsg). -

" SERIAL PORT (SCI AND SP!) PROGRAMMING

The SCI and SPI use the port D pins for their functions.
The SCI requires two pins (PD0-PD1) for its receive data
input (RDI) and transmit data output {TDO0), respectively.
The SPI function requires four of the pins (PD2-PD5) for
its serial data input/output (MISO), serial data output/
input (MOSI), serial clock {SCK), and slave select (SS),
respectively.

MEMORY

The MCU is capable of addressing 8192 bytes of mem-
ory and /O registers, as shown in Figure 4. The locations
consist of user ROM, user RAM, self-check ROM, controi
registers, and /0. The:user-defined reset and interrupt
vectors are located from $1FF4 to $1FFF:

The shared stack area is used during processing of an :

interrupt or subroutine call to: save the CPU state: The
stack pointer decrements during pushes and increments

during pulls. Refer to INTERRUPTS for additional infor-

matlon

NOTE

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

REGISTERS

The MCU contains the registers described in the fol-
lowing paragraphs.

ACCUMULATOR (A) -

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

7 0

) I

INDEX REGISTER (X)

The index register is an 8-bit register used for the in-
dexed addressing mode. It contains an: 8-bit value that
may be added to an 8- or 16-bitimmediate value to create
an effective address. The index register may also be used
as a temporary storage area.

7 0

PROGRAM COUNTER (PC)

The program counter is a 13-bit register that contalns
the address of the next byte to be fetched.

12 . . 0

STACK POINTER (SP)

The stack pointer is a 13-bit register that contains the"
address of:the next free location on'the stack: During an
MCU reset or:the reset stack.pointer (RSP) instruction,
the stack pointer is set to location $00FF. The stack pointer
is then decremented as data is pushed onto the stack and
incremented as data is pulled from the stack. )

When accessing memory,.the seven most.significant
bits are permanently set to 0000011. These seven bits are
appended to the six-least significant register. bits to pro-
duce an address within the range of $00FF to $00CO.
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$0000 0000 : 0000 Port A Data Register $00°
Ports - - \
/0 7 Bytes Port B Data Register .$01
32 Bytes Port C Data Register -$02
S001F 0031 Port D Fixed Input Register $03
" .
50020 eor 0032 {L;J rlbuy?eg Port A Data Direction Register $04
ROM \\ Port B Data Direction Register $06
48 Bytes Port C Data Direction Register
S004F 0079 N : onted’ %06
$0050 008‘0 Serial Peripheral +. Unused $07
. ¢ Interface
i e o 3 Bytes Unused 08 .
Unused
176 Bytes v N : - %09
\ o Serial Peripheral Control Register. -] $0A
. eria - - "
$00BFY L]0l {” Communications Serial Peripheral Status Register $08
$00co Stack 0192 'g';f face Serial Peripheral Data I/ O Register $0C
: ytes - — -
$OOFF B 64 Bytes 0255 \ Serial Communications Ba‘t‘1d Rate Register $0D
$0100 0256 A Timer Serial Communications Control Register 1 $OE
User \ 10 Bytes ) Serial Communications Control Register2 - | $OF
ROM ' - : —— -
* 4096 Bytes \ . Serial Communications ‘Status Register $10
$10FF . 4351 \ Unused Serial Communications Data Register s
$1100 4352 \ 4 Bytes Timer Control Register $12
Unused Timer Status Register $13
3584 Bytes 0031 " -
\ Input Capture High Register $14

$1EFF 7935 - \ . -
$1F00 7936 ). \ Input Capture Low Register $15
\ Output Compare High Register $16

Self Check \ Output Compare Low Register $17
seor | _ |’ \\ . Counter High Register $18
$1FEO \ Counter Low Register. $19

£- - - n "

S:a/!ec(i::;ck ’ 256 Bytes \ Alternate Counter High Register . $1A
$1FEF 8176 \ Alternate Counter Low Register $1B
$1FFO Unused 8176 v v Unused $1C
$1FF3 4 Bytes 8179’ \ Unused $1D
$1FF4 User 8180 \ ' Unused $1E

Vectors " -
$1FFF 12 Bytes 8191 J \ Unused $1F

Figure 4. Memory Map

1
B

Subroutines and interrupts may use up to 64 (decimal)
locations. If 64 locations are exceeded, the stack pointer
wraps around and loses the previously stored informa-
tion. A subroutine call bccupies two locations on the stack;
an interrupt uses five locations.

12 S .
LLLL ] =

CONDITION CODE REGISTER (CCR)

The CCR is a 5-bit register in which four bits are used
to indicate the results of the instruction just executed.
These bits can be individually tested by a program, and
specific actions can be taken as a result of their state.
Each bit is explained in the following paragraphs.

CCR

I

* Malf Carry (H)

" This bit is set during ADD and ADC operations to in-
dicate that a carry occurred between bits 3 and 4.

Interrupt (1) - e

When this bit is set, the timer and external interrupt is
masked (disabled). If an interrupt occurs while this bit is
set, the interrupt is latched and processed as soon as the
interrupt bit is cleared. . i

Negative (N)

When set, this bit indicates, that the result of the last
arithmetic, logical, or data manipulation was negative
(bit 7'in the-result is a logic one).

.. Zero (Z).

When set, this bit indicates that the resuit of the last
arithmetic, logical; or data manipulation was zero.
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Carry/Borrow (C)

When set, this bit indicates that a carry or borrow out
of the arithmetic logica! unit (ALU) occurred during the
last arithmetic operation.-This bit is also affected during
bit test and branch instructions and-during shifts and

rotates.

SELF:CHECK

The self-check capability provides the ability to deter-
mine if the device is functional. Self-check is performed
using the circuit shown in Figure 5. Port C pins PCO-PC3
are monitored for the self-check results. After reset, the

following seven tests are performed automatically:

/0 — Exercise of ports' A, B, and C
RAM — Counter test for each RAM byte
ROM — Exclusive OR with odd ones parity result
Timer — Tracks counter register and checks OCF flag
Interrupts — Tests external, timer, SCIand SPI in- -

SClI — Transmission test; checks' RDRF, TDRE, TC,
and FE flags
SPI — Transmission test; checks SPIF, WCOL, and
MODF flags k
Self-check results (using the LEDs as monitors) are
shown in Table 2. The following subroutines are available
to the user and do not require any external hardware.

TIMER TEST SUBROUTINE

: This subroutine returns with the Z bit cleared if any
error is detected; otherwise, the Z bit is set. The timer
test subroutine is called at location. $1FOE. The output
compare register is first set to the current timer state.
Because the timer is free running and has only a divide-

‘by-four prescaler, each timer count cannot be tested. The

test reads the timer once every 10 counts {40 cycles) and
checks for correct counting. The test tracks the counter
until the timer wraps around, triggering the output com-
pare flag in the timer status register. RAM locations $0050
and-$0051 are overwritten. Upon return to the user’s pro-
gram, X=40. If the test passed, A=0.

RESET
— 1 1.04F
_ RESET —{
RQ P 4 =
- $10k
NC VDD 40 —+5V 00F
‘ osc1 2 1=
TCAP Q10M '
MCcU 3 ] 4mHz
4 I F
- P‘A7‘ osce |38 | ‘g 20p
5 PA6 3% (See Note) =
6 PO7 2 +5V
PAS 35 ==
7 TCMP —— = 47K
PA4 — | :
8 PD5/SS
e 15k
PD
S pa2 2 10k 2N3904
10 PD3/MOSI | A -
PA1 31
11 PD2/MISO — o
PAO 20
s P
{2 ) =
PDO/RD! | :
12 28 X 1k
PBO PCO W 45V
130 a1 pet |22 T
S 10kg 14 pga pcz |2 W
1 15 % = AX
= PB3 PC3 ” ¢ AWM
L_16] PB4 pPCa
171 pgs .. pes |2
18] peo pes 22
191 par . parfA
- Vg
L

NOTE: The RC Oscillator Option may also be us'ed'in this circuit.

Figure 5. Self:Check Circuit Schematic Diagram
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Table 2. Self-Check Results

PC3 | PC2 | PC1 | PCO Remarks

1 0 0 1 |Bad /O

1 0 1 0 {Bad RAM

1 (] 1 1 | Bad Timer

1 1 0 0 |Bad SCl

1 1 0 1 |Bad ROM

1 1 1 0 |Bad SPI

1 1 1 1 | Bad Interrupts or IRQ Request
Flashing Good Device
All Others Bad Device, Bad Port C, etc.

0 indicates LED is on; 1 indicates LED is off:

ROM CHECKSUM SUBROUTINE - .

This subroutine returns with the Z bit cleared if any
error is detected; otherwise, the Z bit is set. The ROM
checksum subroutine is called at location $1F93 with RAM

location $0053 equal to $01 and A=0. A short routine is -

set up and executed.in RAM to compute a checksum of
the entire ROM pattern. RAM locations $0050 through
$0053 are overwritten. Upon return to the user's program,
X=0. If the test passed, A=0:

RESETS "

The MCU can be reset two ways: by initial power-up
and by the external reset input (RESET). The RESET input
consists mainly of a Schmltt trlgger that senses the RE-
SET line logic level.

POWER-ON RESET (POR)- )

An internal reset is generated on power-up to allow
the internal clock generator to stabilize. The power-on
reset is strictly for power turn-on conditions and shoulid

not be used to detect a drop-in the power supply voltage.

There is a 4064 internal processor clock cycle (tcy¢) delay
after the oscillator becomes active. If the RESET pin is
low at the end of 4046 tcyc, the MCU will remain in the
reset condition until RESET goes high.

EXTERNAL RESET INPUT

The MCU is reset when a logic zero is applied to the
RESET input for a period of one and one-half machine
cycles (teyc):

INTERRUPTS

The MCU can be interrupted five different ways: the
four maskable hardware interrupts {IRQ, SPI, SCI, and
timer) and the nonmaskable software interrupt instruc-
tion (SWI).

Interrupts cause the processor to save register contents
on the stack and to set the interrupt mask (I bit) to prevent
additional interrupts. The RTl instruction causes the reg-
ister contents to be recovered from the stack and normal
processing to. resume. The stacking order is shown in
Figure 6.

Unlike RESET, hardware interrupts do not cause the
current instruction execution to be halted but are con-
sidered pending until the current instruction is complete.

NOTE

The current mstructlon is the one already fetched
and being operated on.

When the current instruction is complete, the processor
checks all pending hardware interrupts. If unmasked (I
bit clear) and if the corresponding interrupt enable bit is

““set, the processor proceeds with interrupt procéssing;

otherwise, the next instruction is fetched and executed.

If both an'external interrupt and a timer interrupt are
pending at the end of an. instruction execution, the ex-
ternal interrupt is serviced first. The SWI is executed the
same as any other instruction, regardless of the |-bit state.
Refer to Figure 7 for the reset and interrupt instruction
processing sequence.

TIMER INTERRUPT

There are three different timer interrupt flags that cause
a tlmermterrupt whenever they are set and enabled. The
interrupt flags are in the timer status register (TSR), and
the enable bits are in the timer control register (TCR).
Refer to TIMER for more information.

7 0 Stack
R 1 l l l Condition Code Register lll
E Accumuiator 471,
Increasing Memory T E Decreasing Memory
Addresses u Index Register A Addresses

: ofo]o] PCH R

U

PCL P

Unstack T

NOTE: Since the Stack Pointer decrements during pushes, the PCL is
stacked first, followed by PCH, etc. Pulllng from the stack is

in the reverse order:

Figure 6. Interrupt Stacking Order
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From
- RESET

IRQ
External
Interrupt

Timer
Internal
Interrupt

SCI
Internal
Interrupt

SPI
. “Internal
Interrupt

... Fetch
Next
instruction

Execute

Instruction

Clear IRQ"
Request
Latch

Stack.
PC, X, A, CC

l.

Set -
| Bit

T

Load PC from:
SWI:$1FFC-$1FFD
TRQ: $1FFA-$1FFB

Timer: $1FF8-$1FF9
SCl: $1FF6-$1FF7

SPI: $1FF4:$1FFS5

¥

Complete

Interrupt

Routine
and Execute

RTI

Figure 7. Reset and Interrupt Processing Flowchart
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EXTERNAL INTERRUPT

If the iinterrupt mask bit (I bit) of the CCR is set, all
interrupts are disabled. Clearing the 'I'bit enables the ex-
ternal interrupt. The external interrupt is internally syn-
chronized and then latched on the falling edge of IRQ.
The action of the external interrupt is identical to the timer
interrupt_with the exception that the interrupt request
input at IRQ is latched internally and the service routine
address is specified by the contents of $1FFA and $1FFB.

Either a level-sensitive and edge-sensitive trigger, or
an edge-sensitive-only trigger are available as a mask
option. Figure 8 shows both a functional internal diagram
and a mode timing diagram for the interrupt line. The
timing diagram shows two treatments of the interrupt
line to the processor. The first method shows a single
pulse on the interrupt line spaced far enough apart to be

Level-Sensitive Trigger

Interrupt Pin

V=

serviced. The minimum time between pulses is a function
of the length of the interrupt service. Once a pulse occurs,
the next pulse should not occur until an RTl occurs. This
time {tjLL) is obtained by adding 21 instruction cycles to
the total number of cycles it takes to complete the service
routine (not .including the RTI instruction). The second
method shows many interrupt lines “wire-ORed’ to form
the interrupts at the processor. If the interrupt line re-
mains low after servicing an interrupt, then the next in-
terrupt is recognized.

NOTE

"The internal interrupt latch is cleared in the first part
of the interrupt service routine; therefore, one ex-
ternal interrupt pulse could be latched and serviced
as soon as the | bit is cleared. .

External
Interrupt
Request

T}

I Bit(CC}

Power-On Reset

External Reset

External Interrupt
- Being Serviced (Vector Fetch)

(a) Interrupt Internal Function Diagram

m — e
l

YL
I -

s

Edge-Sensitive Trigger Condition
The minimum pulse width (ty 1) is either
125 ns(Vpp=5 V) 6r 250 s (Vpp=3 V).
The period tj | shouid not be less than
the number of toyc cycles it takes to ex-
ecute the interrupt service routine plus 21
teyc cycles. -

_ Level-Sensitive Trigger Condition
If after servicing an interrupt the TRQ

I e
Y

: :
RGn |

mains low, then the next interrupt is
recognized.

Norrf\ally
Used with

r

a

Wire-ORed
Connection

r

(MCU)

/

(b) Interrupt Mode Diagram

Figure 8. External Interrupt
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SOFTWARE INTERRUPT (SWI)

- The SWI is an executable instruction that is executed
regardless of the state of the | bit in the CCR. If the | bit
is zero, SWI executes after the other interrupts. The SWI
operation is similar to the hardware interrupts. The in-
terrupt service routine address is specified by the con-
tents of memory locations $1FFC and $1FFD.

SCI INTERRUPTS

An interrupt in the SCl occurs when one of the interrupt
flag bits in the serial communications status register is
set, provided the | bit in the CCR is clear and the enable
bit in the serial communications control register 2 is set.
Software in the serial interrupt service routine must de-
termine the cause and priority of the SCl interrupt by
examining the interrupt flags and status bits in the SCI
status register.

SPi INTERRUPTS

An interrupt in the SPI occurs when one of the interrupt
flag bits in the serial peripheral status register is set,
provided the | bit in the CCR is clear and the enable bit
in the serial peripheral control register is set. Software
in the serial peripheral interrupt service routine must de-
termine the cause and priority of the SPI interrupt by
examining the interrupt flag bits in the SPI status register.

LOW-POWER MODES

STOP

The STOP instruction places the MCU in its lowest power
consumption mode. In the STOP mode, the internal os-
cillator is turned off, halting- all internal processing in-
cluding timer, SCI, and SPI operation (refer to Figure 9).

During the STOP mode, the TCR bits are altered to
remove any pending timer interrupt request and to dis-
able any further timer interrupts. The timer prescaler is
cleared. The | bit in the CCR is cleared to enable external
interrupts. All other registers and memory remain unal-
tered. All input/output lines remain unchanged. The pro-
cessor can be brought out of the STOP mode only by an
external interrupt or reset.

SCI during STOP Mode .
When the MCU enters the STOP mode, the baud rate

generator stops, halting all SCI activity. If the STOP in- .

struction is executed during a transmitter transfer, that
transfer is halted. If a low input to the IRQ pin is used to
exit STOP mode, the transfer resumes. If the SCI receiver
is receiving data and the STOP mode is entered, received

data sampling stops because the baud rate generator '

stops, and all subsequent data is lost. For these reasons,
all SCl transfers should be in the idle state when the STOP
instruction is executed.

SPI during Stop Mode

When the MCU enters the STOP mode, the baud rate
generator stops, terminating all master mode SPI oper-
ations. If the STOP instruction is executed during an SPI

transfer, that transfer halts until the MCU exits the STOP
mode by a low signal on the IRQ pin. If reset is used to
exit the STOP.mode, then the SPI control and status bits
are cleared, and the SPl is disabled. If the MCU.is in the
slave mode when the STOP.instruction is. executed, the
slave SPI continues to operate and can still accept data
and clock information in addition to transmitting its own
data back to a master. device. !

At the end of a possible transmission with a slave SP|
in the STOP mode, no flags are set until a low on the IRQ
pin wakes up the MCU. Caution should be observed when
operating the SPI as a slave during the STOP. mode be-
cause the protective circuitry (WCOL, MODF, etc.) is in-
active. [ i

WAIT

The WAIT instruction places the MCU in a low-power
consumption mode, but the WAIT mode consumes more

‘ Stop '

Stop Oscillator
And All Clocks

Clear | Bit

Reset

External
Interrupt
(IRQ)

v .
Turn On Oscillator
Wait for Time
Delay to Stabilize

(1) Fetch Reset Vector or
(2) Service Interrupt
a. Stack :
b. Set | Bit
c. Vector to Interrupt
Routine

Figure 9. STOP Function Flowchart
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power than the STOP mode. All CPU action is suspended,
but the timer, SCI, and SPI remain active (refer to Figure
10). An interrupt from the timer, SCl, or SPI can cause
the MCU to exit the WAIT mode.

During the WAIT mode, the | bit in the CCR is cleared
to enable interrupts. All other registers, memory, and
input/output lines remain in their previous state. The timer
may be enabled to allow a periodic exit from the WAIT
mode.

DATA RETENTION MODE

The contents of RAM and CPU registers are retained
at supply voltages as low as 2.0 Vdc. This is called the
data retention mode where the data is held, but the device
is not guaranteed to operate. The MCU should be in RESET

during data retention mode.
{ wait )

'

Oscillator Active
Timer, SCI, And SP!
Clocks Active
Processor Clocks Stopped

TIMER

The timer consists of a 16-bit, software-programmable
counter driven by a fixed divide-by-four prescaler. This
timer can be used for many purposes, including input
waveform measurements while simultaneously gener-
ating an output waveform. Pulse widths can vary from
several microseconds to many seconds. Refer to Figure
11 for a timer block diagram.

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

Reset

(IRQ)

y

Restart
Processor Clock

(1) Fetch Reset Vector or
(2} Service Interrupt
a. Stack
b. Set | Bit
c. Vector to Interrupt
Routine

External
Interrupt

Timer
interrupt

SPI
Interrupt

Figure 10. WAIT Function Flowchart
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NOTE

The | bit in the CCR should be set while manipu-
lating both the high and low byte register of a'spe-'
cific timer function to ensure that an interrupt does
not occur.

COUNTER

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

The double-byte, free-running counter can be read from
either of two locations, $18-$19 (counter register) -or
$1A-$1B (counter alternate register). A read from only
the least significant byte (LSB) of the free-running counter
($19, $1B) receives the count value at the time of the read.

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

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

The free-running counter is configured to $FFFC during
reset and is always a read-only register. During a power-
on reset, the counter is also preset to $FFFC and begins

l Internal Bus . . 1

A
1 Internal 1
Processor 8-Bit
Clock Buffer

Interrupt
Circuit

+4
High | Low 5 . :
Byte | Byte High Low High | Low
Byte Byte Byte | Byte
$16 | Output 16-Bit Free| §18 | Input s14
Compare 1 Running Capture
$17 | Register Counter | $19 Register | $15
Counter | ¢1a A A
Alternate
_Register | $1B
Output Overflow Edge
Compare Detect Detect
Circuit Circuit Circuit
]
D Qp—
CLK
Qutput
Timer . Level :
Sxatus[ ICF l OCFLTOF $13 Reg. ¢
Reg. ) F
Timer RESET
Ijus | OCIE [TOIE lleoelowq Control
- og.
]’ | $12
T L

Output Edge
Level Input
(TCMP) (TCAP)

Figure 11. Timer Block Diagram
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running after the oscillator start-up-delay.: Because the
free-running counter is 16 bits preceded by a fixed divide-
by-four prescaler, the value in the free-running. counter
repeats every 262,144 internal bus clock cycles. When the
counter rolls over from $FFFF to $0000, the TOF bit is set.
An interrupt can also be enabled when counter rollover
occurs by setting its interrupt enable bit (TOIE).

OUTPUT COMPARE REGISTER

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

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

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

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

INPUT CAPTURE REGISTER

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

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

The free-running counter contents are transferred to
the input capture register on each proper signal transition
regardiess of whether the input capture flag {ICF) is set
or clear. The input capture register always contains the

free-running counter value that corresponds to the most
recent input capture.

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

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

TIMER CONTROL REGISTER (TCR) $12

The TCR is a read/write register containing five control
bits. Three bits control interrupts associated with the timer
status register flags.ICF, OCF, and TOF. - .

1. 8 5 4 3 1 0
e [oce [roe [ o [ o | [ ieos | o |

RESET: .
0 0 0 0 0 0 U 0

ICIE — Input Capture Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
OCIE — Output Compare Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
TOIE — Timer Overflow interrupt Enable
1 =Interrupt enabled
=Interrupt disabled
IEDG — Input Edge
Value of input edge determmes which level transmon
on TCAP pin will trigger free-running counter transfer
to the input capture register
1=Positive edge
0=Negative edge
Reset does not affect te IEDG bit (U= unaffected)
OLVL — Output Level ‘
Value of output level is clocked into output level reg-
ister by the next successful output compare and will
appear on the TCMP pin
1=High output
0="Low output

Bits 2,3, and 4 — Not used

Always read zero

TIMER STATUS REGISTER (TSR) $13 -

The TSR is a read-only register containing three status
flag bits.

7 6 5 4 3 2 1 0
Lwer [ ocr [ 1o | o [ o [ o [ o] o]
RESET: -

U U U -0 0 0 0 0

ICF — Input Capture Flag
1=Flag set when selected polarity edge is sensed by
input capture edge detector
0=Flag cleared when TSR and input capture low reg-
ister {$15) are accessed
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OCF — Output Compare Flag
1=Flag set when Gutput compare register contents
match the free-running counter contents
0=Flag cleared when TSR and output compare low
register ($17) are accessed
TOF — Timer Overflow Flag
1= Flag set when free-running counter transmon from
$FFFF to $0000 occurs
0=Flag cleared when TSR and counter low register
($19) are accessed
Bits 0-4 — Not used
Always read zero

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

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

1) The timer status register is read or written when

TOF is set, and

2) The LSB of the free-running counter is read but not

for the purpose of servicing the flag.

The counter alternate register at address $1A and $1B
contains the same value as the free-running counter (at
address $18 and $19); therefore, this alternate register
can be read at any time without affecting the timer ov-
erflow flag in the timer status register.

TIMER DURING WAIT MODE

The CPU clock halts during the WAIT mode, but the
timer remains active. An interrupt from the timer causes
the processor to exit the WAIT mode.

TIMER DURING STOP MODE

In the STOP mode, the timer stops counting and holds
the last count value if STOP is exited by an interrupt. If
RESET is used, the counter is forced to $FFFC. During
STOP, if at least one valid input capture edge occurs at
the TCAP pin, the input capture detect circuit is armed.
This does not set any timer flags nor wake up the MCU,
but when the MCU does wake up, there is an active input
capture flag and data from the first valid edge that oc-
curred during the STOP mode. If RESET is used to exit
STOP mode, then no input capture flag or data remains,
even if a valid input capture edge occurred.

SERIAL COMMUNICATIONS INTERFACE

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

SCI TWO-WIRE SYSTEM FEATURES

e Standard NRZ (mark/space) format

® Advanced error detection method includes noise de-
tection for noise duration of up to one-sixteenth bit
time

o Full-duplex operation (simultaneous transmit and re-
ceive)

® Software programmable for one of 32 different baud
rates

o Software-selectable word length (eight- or nine-bit
words)

® Separate transmitter and receiver enable bits

® SCI may be interrupt driven

® Four separate interrupt conditions

SCI RECEIVER FEATURES

® Receiver wake-up function (idle or address bit)
o ldle line detect

® Framing error detect

o Noise detect

e Overrun detect

® Receiver data register full flag

SCI TRANSMITTER FEATURES

e Transmit data register empty flag
® Transmit complete flag
® Break send

Any SCI two-wire system requires receive data in (RDI)
and transmit data out {TDO).

DATA FORMAT

Receive data in (RDI) or transmit data out (TDO) is the
serial data presented between the internal data bus and
the output pin (TDO) and between the input pin (RDI) and
the internal data bus. Data format is as shown for the
NRZ in Figure 12.

Control bit “M"*
Selects 8 or 9 bit deta
e —— .
5 6 7 8 ) 0

L1 1T

2»1 3J

Idie Line

~ -~

’Stép bit is aiways high.

[ttt

VO ~w0n
-~ -,

Figure 12. Data Format
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WAKE-UP FEATURE

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

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

RECEIVE DATA IN

Receive data in (RDI) is the serial data which is pre-
sented from the input pin via the SCI to the receive data
register (RDR). While waiting for a start bit, the receiver
samples the input at a rate 16 times higher than the set

baud rate. This increased rate is referred to as the RT

rate. When the input (idle) line is detected low, it is tested
for three more sample times. If at least two of these three
samples detect a logic low, a valid start bit is assumed
to be detected. If in two or more samples, a logic high is
detected, the line is assumed to be idle. The receive clock
generator is.controlled by the baud rate register (see Fig-
ure 13); however, the SCl is synchronized by the start bit
independent of the transmitter. Once a valid start bit is
detected, the start bit, each data bit, and the stop bit are
each sampled three times. " The value of the bit is deter-
mined by voting logic, which takes the value of a majority
of samples. A noise flag is set when all three samples on
a valid start bit, data bit, or stop bit do not agree. A noise
flag is also set when the start verification samples do not
agree.

START BIT DETECTION FOLLOWING A FRAMING ERROR

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

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

TRANSMIT DATA OUT

Transmit data out (TDO) is the serial data presented
from the transmit data register (TDR) via the SCI to the
output pin. The transmitter generates a bit time by using
a derivative of the RT clock, producing a transmission
rate equal to one-sixteenth that of the receiver sample
clock.

FUNCTIONAL DESCRIPTION

A block diagram of the SCI is shown in Figure 13. The
user has option bits in the serial communications control
register 1 (SCCR1) to determine the SCl wake-up method
and data word length. Serial communications control
register 2 (SCCR2) provides control bits that individually
enable/disable the transmitter or receiver, enable system
interrupts, and provide wake-up enable, and send break
code bits. The baud rate register bits allow the user to
select different baud rates, which are used as the rate
control for the transmitter and receiver.

Data transmission is initiated by a write to the serial
communications data register (SCDAT). Provided the
transmitter is enabled, data stored in the SCDAT is trans-
ferred to the transmit data shift register. This data transfer
sets the SCI status register (SCSR) transmit data register
empty (TDRE) bit and generates an interrupt if the trans-
mit interrupt is enabled. Data transfer to the transmit data
shift register is synchronized with the bit rate clock. All
data is transmitted LSB first. Upon completion of data
transmission, the transmission complete (TC) bit is set
(provided no pending data, preamble, or break code is
sent), and an interrupt is generated if the transmit com-
plete interrupt is enabled. If the transmitter is disabled,
and the data, preamble, or break code has been sent, the
TC bit will also be set, which will also generate an inter-
rupt if the TCIE bit is set. If the transmitter is disabled in
the middle of a transmission, that character will be com-
pleted before the transmitter gives up control of the TDO
pin.

When the SCDAT is read, it contains the Iast data byte
received; provided that the receiver is enabled. The SCSR
receive data register full (RDRF) bit is set to indicate that
a data byte is transferred from the input serial shift reg-
ister to the SCDAT, which can cause an interrupt if the
receiver interrupt is enabled. Data transfer from the input
serial shift register to the SCDAT is synchronized by the
receiver bit rate clock. The SCSR overrun (OR), noise flag
(NF), or FE bits are set if data reception errors occur.

An idle line interrupt is generated if the idle line inter-

_ruptiis enabled and the SCSR IDLE bit (which detects idle

line transmission) is set. This allows a receiver that is not
in the wake-up mode to detect the end of a message, the
preamble of a new message, or to resynchronize with
the transmitter. A valid character must be received before
the idle line condition for the IDLE bit to be set and for
an idle line interrupt to be generated.

REGISTERS

There are five registers used in the SCI; the internal
configuration of these registers is discussed in the fol-
lowing paragraphs.

Serial Communications Data Register (SCDAT) $11

The SCDAT is a read/write register used to receive and
transmit SCI data.
7. 6. 5 4 3 2 1 0

| sco7 | scos | scos [ scoa | scoa | sez | scon | scoo |

RESET:
U U u U u U U U
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As shown in Figure 13, SCDAT functions as two sep-
arate registers. The transmit data register (TDR) provides
the parallel interface from the internal data bus to the
transmit shift register. The receive data register (RDR)
provides the interface from the receive shift register to
the internal data bus.

Serial Communications Control Register 1 (SCCR1) $OE

The SCCR1 provides control bits that determine word
length and select the wake-up method.

7 8 5 4 3 2 1 0
[ [ [ T wfwae] [ -]-]
RESET:

v - U - = -

R8 —Receive Data Bit 8-
R8 bit provides storage location for the ninth bit in the
receive data byte (if M=1).

T8 — Transmit Data Bit 8 )
T8 bit provides storage location for the ninth bit in the
transmit data byte (if M=1).

SCDAT|] Transmit

_SClInterrupt Internal Bus >
$OF
SCCR2 .
TIE (See |Receive Data| SCDAT

$11]|Data Register

Nz

Notel|. Register $N
TCIE |

RIE {}
ILIE

ransmit Datal

f Shift Register [ €]
A

PD1/TDO

1+ 3

_){ Receive Data

TE Shift Register

RE '
SBK

RWU

i

PDO/RDI

; ’w ]

U
Fq NF l OR IIDLE RDRF TC TDRE SCSR °

$10 Unit

LLL\L{)JJ

/
. 4
1 SBK{ ﬁre 1
L_| Transmit Flag Receive
Control Control Control
4 A [
- ) Internal
[ Rate Generator ]'(— Processor
Ciock

- —L - Baud
soor- r— Lscpq scPoT - lscanschscnol Rate

g

[T ]

[
el 1]

- ] SCCR1

NOTE: The Serial Communications Data Reglster (SCDAT) is controlled by the internal R/W signal. It is the transmit data register when

written and receive data register when read.

Figure 13. SCI Block'Diagram
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M — SCI Character Word Length -
1=one start bit, nine data bits, one stop bit
0=one start bit, eight data bits, one stop bit
WAKE — Wake-Up Select
Wake bit-selects the receiver wake-up method.
1=Address bit {most significant bit)
0=Idle line condition
Bits 0-2, and 5 — Not used
Can read either one or zero

The address bit is dependent on both the wake-bit and
the M-bit level. Additionally, the receiver does not use
the wake-up feature unless the RWU control bit in SCCR2
is set.

Wake M Receiver Wake-Up

0 X

Detection of an idle line aliows the next data
byte received to cause the receive data reg-
ister to fill and produce an RDRF flag.

‘Detection of a received one in the eighth
data bit alipws an RDRF flag and associated
error flags.

Detection of a received one in the ninth data
bit allows an RDRFfIag and associated error
flags.

Serial Communications Control Register 2 (SCCR2) $OF

The SCCR2 provides control of individual SCl functions
such as interrupts, - transmit/receive enablmg, receiver
wake-up, and break code.

4 3 2 1 0

LTIE Lms L me | we [ ot [ owe LRWUJ seK |

RESET: =
o_ovo_o 0 0 0 0

TIE = Transmit Interrupt Enable
1=SCl interrupt enabled
0=TDRE interrupt disabled
TCIE — Transmit Complete Interrupt Enable
. 1=SCl interrupt enabled
0=TC interrupt disabled- ..
RIE — Receive Interrupt Enable
1=8Cl interrupt enabled
0=RDRF and OR interrupts disabled
ILIE — Idle Line Interrut Enable
1=SCl interrupt enabled
) 0=ldle interrupt disabled
TE — Transmit Enable

1=Transmit shift regisier outputis appliedtothe TDO

-line. Depending upon the SCCR1 M bit, a pream-
"ble of 10 (M=0) or 11 (M= 1) conseciitive ones is
transmitted.
0=Transmitter disabled after last byte is loaded in
the SCDAT and TDRE is set. After last byte is
transmitted, TDO line becomes a high-impedance
line.
RE — Receive Enable
- 1=Regeiver shift register |nput is applled to the RDI
line.

0=Receiver disabled and RDRF, IDLE, OR, NF, and

FE status bits are inhibited.
RWU — Receiver Wake-Up

1="Places receiver in sleep mode and enables wake-
up function

0=Wake-up function disabled after receiving data
word with MSB set (if WAKE=1) .

. Wake-up function also disabled after receiving 10
(M=0) or 11 (M= 1) consecutive ones-{if WAKE =0)
SBK.— Send Break

1=Transmitter contmual Iy sends biocks of zeros (sets
of 10 or 11) until cleared. Upon. completlon of
break code, transmitter sends one hlgh bit for rec-
ognition of valid start bit.

0=Transmitter sends 10 (M=0) or 1 (M 1) zeros
then reverts to an idle state or continues sending
data. If transmitter is empty and idle, setting and
clearing the SBK bit may queue up to two char-
acter times of break because the first break trans-
fers immediately to the shift régister, and the
second is queued mto the paralle| transmlt buffer.

Serial Communicétions Status Reglster (SCSR) $10

The SCSR: provides inputs to the SCI interrupt logic
circuits. Noise flag and framing error bits are also ‘con-
tained in the SCSR.

7. 6 5 - 4 3 2. 1 0
[ore [ 7c [mome | oie | on [ we [ [ - |

RESET:
1 1 0 0 0 0 0 —

TDRE — Transmit -Data Register (TDR) Empty
1=TDR contents transferred to the transmit data shift
register
0=TDRstill contains data TDRE iscleared by readlng
the SCSR {with TDRE = 1) followed by a write to
the TDR.
TC — Transmit Complete ‘
. 1=Indicates end of data frame, preamble, or break
condition has occurred
0=TC bit cleared by reading the SCSR (wnth TC= 1),
followed by a write to the TDR

- RDRF — Receive Data Register (RDR) Full

1=Receive data shift register contents transferred to
the RDR

0=Receive data shift register transfer did not occur.
RDREF is cleared by reading the SCSR (with
RDRF = 1) followed by a read of the RDR

- IDLE — Idle Line Detect

1—Ind|cates receiver has detected an |dle line
0=IDLE is cleared by reading the SCSR (with IDLE=1),
followed by a read of the RDR. Onhce IDLE is
cleared, IDLE cannot be set until RDI line becomes
active and idle again.

- OR — Overrun Error

1=Indicates receive data shift reglster data is sent to
a fuli-RDR (RDRF=1), Data causing the overrun
.5, .isJost, and RDR data is not disturbed. i
0=0R:is cleared by reading the SCSR (wnth OR= 1),
followed by a read of the RDR.. .
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NF — Noise Flag
1=Indicates noise is present on the receive bits, in-
cluding the start and stop bits. NF is not set-until
RDRF=1.
0=NF is cleared by reading the SCSR (wnth NF=1),
followed by a read of the RDR.
FE — Framing Error
- 1=Indicates stop bit not detected in received data
character. FE is set the same time RDRF is set. If
received byte causes both framing and: overrun
errors, processor will only recognize the overrun
“error. Further data transfer into the RDR is inhib-
ited until FE is cleared.
0=NF is cleared by reading the SCSR (wnth FE=1),
" followed by a read of the RDR
Bit'0 — Not used i
Can read either one or zero

Baud Rate Register $0D.

The baud rate register is used to select the SCI trans-
mitter and receiver baud rate. SCP0 and SCP1 prescaler
bits are used in conjunction with the SCRO through SCR2
baud rate bits to provide multiple baud rate combinations
for.a given crystal frequency. Bits 3, 6, and 7 always read
zero. o

7 6 5 4 3 2 1 0

— |'scer [ sepo | — | scme | sch1 | scho ]

SCPO0 — SCI Prescaler Bit 0

SCP1 — SCI Prescaler Bit 1
Two prescaler bits are used to increase the range of
standard baud rates controlled by the SCR0-SCR2
bits. Prescaler internal processor clock lelSlon ver-
sus bit levels-are listed in Table 2.

SCRO — SCI Baud Rate Bit 0

SCR1 — SCI Baud Rate Bit 1

SCR2 — SCI Baud Rate Bit 2
Three baud rate bits are used to select the baud rates
of the SCI transmitter and SCI receiver. Baud rates
versus bit levels are Ilsted in Table 3.

Tables 3 and 4 tabulate the divide chain used to obtain
the baud rate clock (transmit clock). The actual divider

_chain is controlled by the combined SCP0-SCP1 and SCRO-

SCR2 bits'in the baud rate register. All divided frequen-
cies shown in Table 3 represent the final baud rate re-
sulting from the internal processor clock division shown
in the divided-by column only (prescaler division only).
Table 4 lists the prescaler output divided by the action
of the SCI select bits (SCR0-SCR2). For example, assume
that a 9600-Hz baud rate is required with a 2.4576-MHz
external crystal. In this. case, the prescaler bits (SCPO:
SCP1) could be configured as a divide-by-one or a divide-
by-four. If a divide-by-four prescaler is used, then the
SCRO-SCR2 bits must be configured as a divide-by-two.
Using the same crystal, the 9600 baud rate can be ob-

RESET. tained with a prescaler divide-by-one and the SCR0-SCR2
— - 0 0 — u u u bits configured for ‘a divide-by-eight.
Table 3. Prescaler Highest Baud Rate Frequency Output
SCP Bit Clock* Crystal Frequency MHz
1 Divided By 4.194304 2.4576 20 1.8432
0 0 1 - 131.072 kHz 125.000 kHz 76.80 kHz ‘ 62.50 kHz 57‘.60 kHz
0 1 3 43.691 kHz, 41.666 kHz 25.60 kHz 20.833 kHz. .-19.20 kHz
1 0 4 32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz
A 1 13 10.082 kHz 9600 Hz 5.907 kHz 4800 Hz . 4430 Hz

*Refers to the internal processor clock. -

NOTE: The divided frequencies shown in Table 3 represent baud rates which are the hlghest transmit baud rate (Tx) that can be
obtained by-a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by prowdmg
a further:division usmg the SCI rate select bits as shown below for some representative prescaler outputs:

Table 4. Transmit Baud Rate Output for a Given Prescaler Output

SCR Bits Divided Representative Highest Prescaler Baud Rate Output
2 1 0 By 131.072 kHz 32,768 kHz 76.80 kHz 19.20 kHz 9600 Hz
0 0. -0 1 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz
0 ,‘"_O 1 2 65.536 kHz 16.384 kHz ) 38t40 kHz 9600 Hz 4800 Hz
0 a1 0 4 32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz 2400 Hz
0|1 1 8 *16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz
1 0 (4] 16 8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz
1 0 1 32 © 4,096 kHz 1.024 kHz 2400 Hz " 600 Hz 300 Hz
1.7 1 0 64 2.048 kHz 512 Hz. 1200.Hz 300 Hz .150 Hz
1 w1 A . 128 : 1.024 kHz 256 Hz 600 Hz 150 Hz 75 Hz

NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler
output frequency The five examples are only representative samples. In all cases, the baud rates shown :are transmit baud
rates (transmit clock), and the receive clock is'16 times higher in frequency than the actual baud rate. :
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SERIAL PERIPHERAL INTERFACE

The serial peripheral interface (SPI) is an interface built
into the MCU which allows several MCUs or MCUs plus
peripherals to be interconnected within the same black
box. In the SPI format, the clock is not included in the
data stream and must be furnished as a separate signal.
An SPI system may consist of one master MCU and sev-
eral slaves (Figure 14) or MCUs that can be either masters
or slaves.

Features:

® Full-duplex, three- -wire synchronous transfers
Master or slave operation
1.05 MHz (maximum) master bit frequency
2.1 MHz {maximum) slave bit frequency
Four programmable master bit rates
Programmable clock polarity and phase
End-of-transmission interrupt flag
Write collision flag protection
Master-master mode fault protection capablhty

SIGNAL DESCRIPTION

The four basic signals (MOSI, MISO, SCK, and SS) are
described in the following paragraphs. Each signal func-
tion is described for both master and slave mode.

Master Out, Slave In

The master out, slave in (MOSI) line is configured as
an output in a master device and as an input in a slave
device. The MOSI line is one of two lines that transfer
serial data in one direction with the most significant bit
sent first.

Master In, Slave Out
The master in, slave out (MISO) line is configured as

an input in a master device and as an output in a slave
device. The MISO is one of two lines that transfer serial

data in one direction with the most significant bit sent
first. The MISO line of a slave device is placed in a high-
impedance state if slave is not selected (SS=1).

Serial Clock
The serial clock (SCK) is used to synchronize both data
in and out of a device via the MOSI and MISO lines. The

~ master and slave devices can exchange a byte of infor-

mation during a sequence of eight clock cycles. Since
SCK is generated by the master device, this line becomes

- an'input on a slave device.

As shown in Figure 15, four possible timing relation-
ships may-be chosen by using control bits CPOL and
CPHA in the serial peripheral control register (SPCR). Both
master and slave dewces must operate with the same
timing.

Two bits (SPRO and SPR1) in the SPCR of the master
device select the clock rate. In a slave device, SPRO and
SPR1 have no effect on SPI operation.

Slave Select

The slave select (SS) input line selects a slave device.
The SS line must be low prior to data transactions and
must stay low for the duration of the transaction. The SS
line on the master must be tied high; if the SS line goes
low, a mode fault error flag (MODF) is set in the serial
peripheral status register (SPSR).

When CPHA =0, the shift clock is the OR of SS with
SCK. In this clock phase mode, SS must go high between
successive characters in an SPI message. When CPHA=1,
SS must go high between successive characters in an-.
SPI message. When CPHA=1, SS may be left low for
several SPI characters. In cases where there is only one
SPI slave MCU, the slave MCU SS line could be tied to
Vgs as long as CPHA =1 clock modes are used.

FUNCTIONAL DESCRIPTION ’
A block diagram of the SPI is shown in Figure 16. In a

- master configuration, the CPU sends a signal to the mas-

ter start logic, which originates an SPI clock {SCK) based
on the internal processor clock. As a master device, data
is parallel loaded into the 8-bit shift register from the
internal bus during a write cycle and then serially shifted

MISO M6805 HCMOS Slave 0
MOSI .
sCK MISO  'SCK
. SS— VoD . Mos! ‘S8
MB805 HCMOS - '
Master
P On
o 1
R 2
T3 e
— | |
Most . 53] MOSI - 5§ : . MOSI - SS
MISO  SCK MISO  SCK MISO  SCK* 1.

M6805 HCMOS Slave 3

M6805 HCMOS Slave 2

M6805 HCMOS Slave 1

"Figuref 14. Master-Slave System Configuration
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_ SCK.(CPOL=0) _ | L1 III [ l 1
SCK (CPOL=1) || | | |1| | l LT

$5* (Slaves) _[

T

S le Input
Dataou?%pPﬁl;pl:) Q@W‘.WE

A Sample lnput
Data out (CHPA=0)

ti

Figuré ‘15. Data Clock Timing Diagram

Internal

Processor -S(?K (PD4) MISO (PD2) MOSI (PD3)
Clock : ) : : j}
l : Read L : .
. Master < #
Rate »—
Start 8 Internal
Generator Logic :JL Reaq Buffer {Load) |+J——>——7——<-> Data
. Bus
. ) SPIF
$0C A 8 (End Tx)
- 8-Bit Shift (Full)
_ . . Slave Register
SS (PD5), — —— Start 8
) ) Logic Write
2
| State
Control J_;l_C_cnmrollev
SPCR Bits

$0A

SPSR o 3
$08 ags .

Figure 16. SPI Block Diagram

via the MOSI pin to the slave devices. Duringa read cycle,

data is applied serially from.a slave device via the MISO -

pin to the 8-bit shift register. Data is then parallel trans-
ferred to the read buffer and made available to the in-
ternal data bus during a CPU read cycle.

In a slave configuration, the 'slave start logi¢ receives
a logic low at the SS pin and a clock input at the SCK
pin. This synchronizes the slave with the master. Data
from the master is received serially at the slave MOSI pin
and shifted into the 8-bit shift register for a parallel trans-
fer to the read buffer. During a write cycle, data is parallel

loaded into the 8-bit shift register from the internal data
bus, awaiting the clocks from the master to shift out se-.

rially to the MISO pin and then to the master device.

Figure 17 illustrates the MOSI,” MISO, SCK and S5

master-slave interconnections. -

REGISTERS o k
There are three registers in the SPI that provide control,

status, and data storage functions. These registers, the -

serial peripheral control register (SPCR), serial peripheral
statusregister (SPSR), and serial peripheral data I/0 reg-
ister (SPDR), are described in the following paragraphs.

Serial Peripheral Control Register $0A

The SPCR provides control of individual SPI functions
such-as interrupt and system enabling/disabling, master/

" slave mode select, and clock polarity/phase/rate select.

7 6 5 4 3 2 1 0
| spie | spe | — ] msTR | crot | ceua | seri | seRo |
RESET:

o 0 — o U U U

SPIE — Serial Peripheral Interrupt Enable
1==SPI interrupt enabled
0=SPI interrupt disabled
SPE.— Serial Peripheral.System Enable
1=_S8PI system on
- 0=8Pl gystem off
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Master

1
1
|
j . 1 MISO o K
8-Bit Shift Register -« T 8-Bit Shift Register
r——' '
: MOSI MOSI
T ' 1
1 1
| |
SPi fsck _SCK!
Clock Generator t— > -t L
1 1
133 831

Figure 17. SPI Master-Slave Interconnections

MSTR — Master Mode Select
1=Master mode
0=Slave mode
CPOL — Clock Polarity
Clock polarity bit controls the clock value and is used
in conjunction with the clock phase (CPHA) bit.
1=SCK line idles high
. 0=SCK line idles i in low state
CPHA — Clock Phase
Clock phase bit along with CPOL controls the clock-
data relationship between the master and slave de-
vices. CPOL selects one of two clocking protocols
1=8S is an output enable control.
0=Shift clock is the OR of SCK with SS.
" .When SS is low, first edge of SCK invokes flrst
data sample.
SPRO, SPR1 — SPI Clock Rate Bits
Two clock rate bits are used to select one of four clock
rates to be used as SCK in the master mode. In the
slave mode, the two clock rate bits have no effect. Clock
rate selection is shown in the following table.
Bit 5 - Not used
Can read either one or zero

SP! Clock Rate Selection

SPR1 SPRO Internal Processor
’ Clock Divided By
0 0’ 2
0 1 .4
1 0 16
1 1 32

Serial Peripheral Status Register $0B
The SPSR contains three status blts

LSPIF l wcoL l — iMODFL L L L I

RESET:
0 0 — 0= = — —
SPIF — Serial Peripheral Data Transfer Flag
1=lIndicates data transfer completed between pro-
cessor and external device.
(If SPIF=1 and SPIE=1, SPI interrupt |s ena-
bled.) . g,

0=Clearing is accomplished by reading SPSR {(with
SPIF=1) followed by SPDR access. '
WCOL — Write Collision ‘
1=Indicates an attempt is made to write to SPDR
while data transfer is in process.
0=Clearing is accomplished by reading SPSR (with
WCOL=1), followed by SPDR access.
MODF — Mode Fault Flag® =~
1=Indicates multi-master.system control confhct
0=_Clearing is accomplished by reading SPSR (with
MODF=1), followed by a wnte to the SPCR.
Bits 0-3, and 5 — Not used
Can read either zero or one

Serial Peripheral Data /O Reglster $0C
The SPDR is a read/write register used to receive and

transmit SP! data.

7 6 5 4 3 2 1. ¢

[ spo7 [ seos | spos | spoa | spos | seoa | spor | spoo |
RESET: ' '

U U U U U U U
A write to the SPDR places data directly into the shift

‘register for transmission. Only a write to this register-will

initiate transmission/reception of another:byte -and will
only-occur in the master device. On comp|etion of byte
transmission, the SPIF status bit is set in both master and
slave devices. = .

A read to the SPDR causes the buffer to be: read The
first SPIF status bit must be cleared by the time a second
data transfer from the shift register to the read buffer
begins, or an overrun condition will exist. In overrun cases,
the byte causing the overrun is lost.

~ INSTRUCTION SET -

The MCU has a set of 62 basic instructions. They can
be divided into five different types: register/memory, read-
modify-write, branch, bit manipulation, and control. The
following,paragraphs briefly explam each type.

This MCU uses all. the instructions available in the
M146805 CMOS Family plus one more: the unsigned
mu‘!tlply (MUL) instruction. This instruction allows un-
sighed multiplication of the contents of the accumuiator
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(A) and the index register (X). The high-order product is " A
then stored in the index register, and the low-order prod- Function Mnemonic
uct is stored in the accumulator. A detailed definition of Increment . INC
the MUL instruction is shown below.
. Decrement : DEC
Operation X:A X*A Clear CLR
Description | Multiplies the eight bits in the index register Complement COM
by the eight bits in the accumulator to obtain :
a 16-bit unsigned number in the concatenated Nggate (Twos Complement) NEG
accumulator and index register Rotate Left Thru Carry ROL
Condition H: Cleared Rotate Right Thru Carry ROR
Codes I: Not affected . B
N: Not affected Logical Shift Left LSL
Z: Not affected Logical Shift Right LSR
C: Cleared Arithmetic Shift Right ASR
Source MuL Test for Negative or Zero TST
Form(s) Addressing -
Mode. Cycles Bytes Opcode Multiply - MuL
Inherent 1 1 $42
BRANCH INSTRUCTIONS

REGISTER/'MEMORY INSTRUCTIONS

Most of these instructions use two operands. One op-
erand is either the accumulator or the index register. The
other operand is obtained from memory using one of the

This set of instructions branches if a particular condi-
tion is met; otherwise, no operation is performed. Branch
instructions are two-byte instructions. Refer to the fol-
lowing list for branch instructions.

addressing modes. The jump unconditional (JMP} and - -
jump to subroutine (JSR) instructions have no register Function Mnemonic
operand. Refer to the following instruction list. Branch Always ) BRA
Branch Never : BRN
: Function M - - -
Branch if Higher BHI
Load A from Memory : LDA - F
Branch if Lower or Same BLS
Load X from Memory LDX -
" Branch if Carry Clear BCC
Store A in Memory STA — g
B - Branch if Higher or Same BHS
Store X in Memory - STX -
* Branch if Carry Set P BCS
Add Memory to A ADD X
Branch if Lower BLO
Add Memory and Carry to A ADC -
- : - Branch if Not Equal BNE
Subtract Memory . suB -
" - Branch if Equal . BEQ
Subtract Memory from A with Borrow SBC .
- Branch if Half Carry Clear : BHCC
AND Memory to A AND -
- - Branch if Half Carry Set BHCS
OR Memory with A ORA -
N Branch if Plus BPL
Exclusive OR Memory with A . EOR —— i
. Branch if Minus BMI
Arithmetic Compare A with Memory - CMP - —
B - - - Branch if Interrupt Mask Bit is Clear BMC
Arithmetic Compare X with Memory CPX - —
— N X Branch if Interrupt Mask Bit is Set BMS
Bit Test Memory with A (Logical Compare) BIT - —— -
— Branch if Interrupt Line is Low BIL
Jump Unconditional JMP | - — —
Branch if Interrupt Line is High BIH
Jump to Subroutine ) oy JSR - -
Branch to Subroutine . BSR

READ-MODIFY-WRITE iINSTRUCTIONS

These instructions read a memory location or a reg-
ister, modify or test its contents, and write the modified
value back to memory or to the register. The test for
negative or zero (TST) instruction is an exception to the
read-modify-write sequence since it does not modify the
value. Refer to the following list of instructions.

BIT MANIPULATION INSTRUCTIONS

The MCU is capable of setting or clearing any writable
bit ‘which resides’ in"the first 256 bytes of the memory
space where all port registers, port DDRs, timer, timer
control, ROM, and on-chip RAM reside. An additional
feature allows the software to test and branch on the state
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of any bit within these 256 locations. The bit set, bit clear
and bit test, and branch functions are all implemented
with a single instruction. For test and branch instructions,
the value of the bit tested is also placed in the carry. bit
of the condition code register. Refer to the following list
for bit manipulation instructions.

Mnemonic
BRSET n(n=0...7)
BRCLR n{n=0...7)
BSET n (n=0...7)
BCLRn (n=0...7)

Function

Branch if Bit n-is Set

Branch if Bit n is Clear
Set Bit n

Clear Bit n

CONTROL INSTRUCTIONS

These instructions are register reference instructions
and are used to control processor operation during pro-
gram execution. Refer to the following list for control
instructions.

Function Mnemonic

Transfer Ato X TAX
Transfer X to A TXA
Set Carry Bit SEC
Clear Carry Bit CLC
Set Interrupt Mask Bit SEI

Clear Interrupt Mask Bit CLI

Software Interrupt Swi
Return from Subroutine RTS
Return from Interrupt RTI

Reset Stack Pointer RSP
No-Operation NOP
Stop STOP
Wait WAIT

OPCODE MAP SUMMARY

Table 5 is an opcode map for the instructions used on
the MCU.

ADDRESSING MODES

The MCU uses ten different addressing modes to pro-
vide the programmer with an opportunity to optimize the
code for all situations. The various indexed addressing
modes make it possible to locate data tables, code con-

version tables, and scaling tables anywhere in the mem--

ory space. Short indexed accesses are single byte
instructions; the longest instructions (three bytes) permit
accessing tables throughout memory. Short and long ab-
solute addressing is also included. One- or two-byte di-
rect addressing instructions access all data bytes in most

applications. Extended addressing permits jump instruc-
tions to reach all memory.

The term "“effective address” (EA) is used in describing
the various addressing modes. Effective address is de-
fined as the address from which the argument for an
instruction is fetched or stored.

IMMEDIATE

In the immediate addressing mode, the operand is con-
tained in the byte immediately following the opcode. The
immediate addressing mode is used to access constants
that do not change during program execution (e.g., a
constant used to initialize a loop counter).

DIRECT

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

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 in
memory with a single three-byte instruction. When using
the Motorola assembler, the user need not specify whether
an instruction uses direct or extended addressing. The
assembler automatically selects the shortest form of the
instruction.

RELATIVE

The relative addressing mode 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, control proceeds to the next instruction. The
span of relative addressing is from ~126 to +129 from
the opcode address. The programmer need not calculate
the offset when using the Motorola assembler, since it
calculates the proper offset and checks to see that it is
within the span of the branch. ‘

INDEXED, NO OFFSET

In the indexed, no offset addressing mode, the effective
address of the argument is contained in the 8-bit index
register. This addressing mode can access the first 256
memory locations. These instructions are only one byte
long. This mode is often used to move a pointer through
a table or to hold the address of a frequently referenced
RAM or /O location.

" INDEXED, 8-BIT OFFSET

In the indexed, 8-bit offset addressing mode, the ef-
fective address is the sum of the contents of the unsigned
8-bit index register and the unsigned byte following the
opcode. The addressing mode is useful for selecting the
Kth element in an n element table. With this two-byte
instruction, K would typically be in X with the address of
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Table 5. Opcode Map '

Bit Manipulation | _Branch Write Control TMomory_
INH X1 ix IN I DIR % I [ X1 ]
Hi [ [ T 9 A B E i
Low 0000 0001 0010 oo | 0o 101 0110 _om - 1000 5 1001 1010 o101 1&1_ 101 AR n Low
5T o 3 3 6 N
0 BRSETO BSETO BRA NEG NEGA NEGX NEG NEG “RTY SuUB Sus sus sus suB sus 0
| 0000 3 nTs 2 as% 2 REL DIR |-} iNp 1 INH | 2 X101 X |1 um; 2 wmm [ 2 unr; 3 ExT /3 nxg 2 x40 1X o0 |
T BRCLRO BCLRO BRAN RTS . B CMP CMP cMmp CMP 1. CMP CMmP 1
0001 3 878 12 asg 2 Ejlé - 1 INH 2 >MN2| 2 DR } 3 EX: 3 X212 |x: ' 1X 0001
N 5 -
2‘0 JBRSETI BSEHs 2 BHIR '| MUL’NH SBC , SBCD il SBCE i SBC'“ 5 SBCD(| , SBC x wz‘ .
[v) 818 (2 BSC EL IMM Il X 0|
3 3 K 3 6 51 . 10 T H 3 4 5 3 EE
3 BRCLR1 BCLR1 BLS COM - [.. COMA COMX com CoM Swi cex CPX CPX CcPX CPX CcPX 3
o1 3 ST% 2 B_S_% 2 RE; 2 Dla5 1 INH |1 wr; 2 nxé 1 'l); 1 INH 2 \MN; 2 ij 3 EXT |3 1x2 ]2 ixr |1 X 0011
4 BRSET2 BSET2 BCcC LSR LSRA LSRX LSR LSR . AND AND AND AND AND AND 4 ns
01 3 sTg 2 ss% 2 R 5 2 DR INH [ ] INA | 2 xt [y NIES 2 |Mu2| 2 Dli; 3 EXT|3 - lxg 2 X111 x4 0100 |
5 BRCLR2 BCLR2 8Cs , BIT °° 8IT . BIT -8 BIT BIT 5
Q101 ‘ BY% 2 B < z jEIi = 3 5 5 IMM | 2 Oll; 3 EXT | 3 X212 X141 Ié Q101
6 BRSET3 BSET3 BNE ROR RORA RORX -ROR ROR LDA LDA LDA LDA LDA LDA
o1 3 T8 : 2 BS_% 2 Rﬂi D»; . »-34 | I lNr; 2 nxé 1 u; g > 2 IMM | 2 0»1 3 EXT{3 lxﬂ 2 Alx; 1 X 0110
7 BRCLR3 BCLR3 BEQ ASR. |- ASRA ASRX ASR ASR TAX STA © STA STA STA STA
- om sTg 2 asg 2 RELI2 DRI INH|Y w%c 2 X1 -3 i Lt 5 2 om3 3 EXT{3 gg 2 LAl 1 |);
8 BRSET4 | BSET4 BHCC LSL~ LSLA LSLX LSL LSt cLe EOR EOR " EOR EOR EOR EOR
1000 BYS 2 J;% 2 jfg . m% 1 |Nr; 1 IN»; o1} |; INH [ 2 IMM | 2 DR |3 EXT| 3 1621 2 X1i1 1X
B ) MR - - 6 27 2 3 4 4
9 BRCLR4 | - BCLR4 BHCS ROL . ROLA ROLX ROL ROL . |- sEC ADC ADC - ADC ADC ADC ADC
1001 3 BTB5 2 asg 2 REL | 2 Dlg 1 |Nb; 1 le; 2 Ix(‘; 1 né ! m»; 2 \Mrg 2 DR |13 EXT] 3 X2} 2 X111 n;
A BRSETS BSETS BPL DEC DECA DECX DEC DEC cu ORA ORA ORA ORA ORA ORA
1010 2 Bscl2 mi 2 DIR 1 INH ] 1 NH | 2 x|t 1x 1 m»; 2 IMM | 2 O |3 ex: 3 l)(% 2 X141 X 1010
B8 ‘BRCLRS BCLRS Mt SEi ADD ADD ADD ADD ADD ADD - |- B
011 3__- 81812 8SC |2 REL 1 INH IMM §{ 2 OR [ 3 EXT |3 x2p2 o xaf1 1X 1011
] 5 3 5 3 3 6 5 2 N3 4 3 Z .
[ BRSET6 BSETE BMC INC INCA INCX INC INC RSP : JMP JMP JMP JMP JMP C .
100 3 818 {2 BSC 12 REL | 2 DIR | 1 INH | 1 INH | 2 X1 1 IX 1 INH 2 ___DR|3 EXT | 3 X2 ] 2 il X 1100
5 5 4 3 = 3 ] 4 2 3 5 N Ki 51
D BRCLRE BCLR6 BMS 8T TSTA TSTX ST ST NOP BSR JSR JSR JSR JSR JSR D"
1101 3 BIB 2 BSC |2 REL 12 OIR | 1 NH | Nn | 2 xi ] 1 1 INH 2 REL|2 — DIR]3 EXT{ 3 x2| 2 Cix1dn 1X 1101
3 5 3 7 ) 5 ry -l BE——
E BRSET7 BSET7 8IL STOP LOX LDX LDX LOX LDX LDX E
mo - 3 BTg 2 BSC 12 REL 1 INH 2 IMM DR |3 EXT| 3 X212 X141 x - 1110
. . 5 3 5 3 3 6 2] 2 - k] 3 5 4
F BRCLR7 BCLR? BiH - CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX - F
111 3 BTB | 2 BSC | 2 REL [ 2 DR | 1 INH | Y iNH | 2 x1 )1 X 1 INM |1 INH, 2 DR | 3 EXT | 3 X2{2 . X1 {0 X g
-Abbreviations for Address Modes LEGEND
I . 3
INH nherent F - Opcode in Hexadecimal
A Accumuiator | M1 <
X Index Register 3
IMM Immediate . in Bina
DIR Direct - Mnemonic > SU!V 0 Opcode v
EXT Extended Bytes —————»¢ 1 28 0000
REL Relative
" les
BSC ~Bit Set/Clear Cycte Address Mode
8T8 Bit Test and Branch
IX Indexed (No Offset)
X1 indexed, 1 Byte (8-Bit) Offset
X2 Indexed, 2 Byte (16-Bit) Offset
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MC68HC05C4

the beginning of the table in the instruction. As such,
tables may begin anywhere within the first 266 address-
able locations and could extend as far. as.location 510
($1FE is the last location at which the instruction may
begin). .

INDEXED, 16-BIT OFFSET

In the indexed, 16-bit offset addressing mode, the ef-
fective address is the sum of the contents of the unsigned
8-bit index register and the two unsigned bytes following
the opcode. This address mode can be used in a manner
similar to indexed, 8-bit offset except that this three-byte
instruction allows tables to be anywhere in memory. As
with direct and extended addressing, the Motorola as-
sembler determines the shortest form of indexed ad-
dressing.

BIT SET/CLEAR

In the bit set/clear addressing mode, the bit to be set
or cleared is part of the opcode, and the byte following
the opcode specifies the direct addressing of the byte in
which the specified bit is to be set or cleared. Any read/
write bit in the first 256 locations of memory, including
I/0, can be selectively set or cleared with a single two-
byte instruction.

BIT TEST AND BRANCH

The- bit test and branch addressing mode is a combi-
nation of direct addressing and relative addressing. The
bit that is to be tested and its condition (set or clear), is
included in the opcode. The address of the byte to be
tested is in the single byte immediately following the
opcode byte. The signed relative 8-bit offset in the third
byte is added to the PC if the specified bit is set or cleared
in the specified memory location. This single three-byte
instruction allows the program to branch based on the
condition of any readable bit in the first 256 locations of
memory. The span of branching is from —125to +130
from the opcode address. The state of the tested bit is
also transferred to the carry bit of the condition code
register.

INHERENT

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

ELECTRICAL SPECIFICATIONS

MAXIMUM RATINGS (Voitages referenced to Vgg)

Rating Symbol Value Unit This device contains circuitry to protect the in-
~ puts against damage due to high static voltages
Supply Voltage VDD 0'43 to +7.0 V or electric fields; however, it is advised that nor-
Input Voltage Vin Vgs —=03to |V mal precautions be taken to avoid application of
Vpp +0.3 any voltage higher than maximum-rated voltages
5 — i — to this high-impedance circuit. For proper oper-
Self-Check Mode (IRQ Pin Only) Vin ;/53 0'3303 v ation, it is recommended that Vi, and Vgt be
DD T2 constrained to the range Vsg < (Vijn or Vout) <
Current Drain Per Pin Excluding | 25 mA Vpp. Reliability of operation is enhanced if un-
Vpp and Vgs used inputs are connected to an appropriate logic
Operating Temperature Range TA TLto TH °C voltage level (e.g., either Vgg or Vpp).
MC68HC05C4P, FN (Standard) 0to +70
MC68HCO5C4CP, CFN (Extended) -40to +85
MC68HC05C4MP, MFN (Automotive) —40to +125
Storage Temperature Range Tstg —65to +150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Thermal Resistance 0JA °C/W
Plastic 60
Plastic Leaded Chip Carrier (PLCC) 70
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MC68HC05C4

POWER CONSIDERATIONS

The average chip-junction temperature, T j, in °C can
be obtained from:

, Ty=Ta+(Ppogal (1)
where: )

Ta = Ambient Temperature, °C

8JA = Package Thermal Resistance,
Junction-to-Ambient, °C/W

Pp =PINT+Pi0 )

PINT  =lccX VC(;' \Nat;s — Chip Internal Power

- Pro = Power Dissipation on Input and Output

Pins — User Determined

Vpp=45V
Pins R1 R2 Cc

PA0-PA7, 326Kk | 238k | 50 pF
PBO-PB7,
PCO-PC7,
PD1-PD4

PDO,PDS5, PD7 | 1.9 k()

2.26 k() | 200 pF

Vpp=3.0V
Pins R1 R2 [

PAO-PA7, 1091kQ | 632k | 50 pF
PBO-PB?,
PCO-PC7,
PD1-PD4

PDO, PD5, PD7| 6 k(2 6 k()

200 pF

For most applications P;;g<P|NT and can be neglected.
The following is an approximate relationship between
Pp and T (if P, is neglected):

Pp=K=+(Ty+273°C) (2)
Solving equations {1) and (2) for K gives:
K=Pp* (Tp +273°C}+ 0 A'PD? (3)

where K is a constant pertaining to the particular part. K
can be determined from equation (3) by measuring Pp
(at equilibrium) for a known Ta. Using this value of K,
the values of Pp and Ty can be obtained by solving equa-
tions (1) and (2) iteratively for any value of Tx.

VoD
R2
(See Table!
Test
Point
R1
C
(See (See Tabie!
Table)

Figure 18. Equivalent Test Load
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MC68HC05C4

DC ELECTRICAL CHARACTERISTICS
(Vpp=5.0 Vdc £ 10%, Vgg =0 Vdc, TA=T| to TH, unless otherwise noted)

. Characteristic Symbol Min Typ Max Unit
Output Voltage, I 9ag<10.0 pA VoL — - 0.1 V.
VoH Vpp-0.1 - -
Output High Voltage VOH "
(ILoad =0.8 MA) PA0-PA7, PB0-PB7, PCO-PC7, TCMP (see Figure 19) Vpp-0.8 —_ —
{ILoad=1.6 mA) PD1-PD4 (see Figure 20) ) Vpp-0.8 — —
Output Low Voltage (see Figure 21) VoL . —_ - 04 \
(ILoad:‘l.S mA) PAQ-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP .
Input ngh Voltage VIH 0.7xVpp — Vpp Vv
PAQ-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, ' :
RESET, OSC1
Input Low Voltage ViL Vss — 02xVpp | V.
PAQ-PA7, PBO-PB7, PCO-PC7, PDO-PDS, PD7, TCAP, IRQ, '
RESET, OSC1 ) )
Data Retention Mode (0° to 70°C) VRmM 2.0 — - Vv
Supply Current (see Notes) ) IpD o
Run(see Figures 22 and 23) — 35 7.0 mA
Wait (see Figures 22 and 23) — 1.6 4.0 mA
Stop (see Figure 23)
25°C — 2.0 50 nA
0° to 70°C (Standard) — — 140 ‘nA
—40°to +85°C — — 180 wA
—-40°to +125°C : : —_ — 250 A
1/0 Ports Hi-Z Leakage Current : e — — +10 pA
PA0-PA7, PBO-PB7, PCO-PC7, PD1-PD4 ) -
Input Current: lin — — +1 A
RESET, IRQ, TCAP, 0SC1, PDO, PD5, PD7 .
Capacitance pF
Ports (as Input or Output) Cout — - 12
RESET, IRQ, TCAP, PDO-PD5, PD7 Cin — —_ 8
NOTES:

1. All values shown reflect average measurements.

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

3. Wait Ipp: Only timer system active (SPE=TE =RE =0). If SPI, SCl active (SPE =TE =RE =1) add 10% current draw.

4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fogc=4.2 MHz), all inputs 0.2 V from rail;
no dc loads, less than 50 pF on all outputs, C| =20 pF on OSC2.

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

. Stop Ipp measured with 0SC1=Vgg.

7. Standard temperature range is 0° to 70°C. Extended temperature (—40° to +85°C, —40° to +125°C) versions and a-25°C only

version are available.
8. Wait Ipp is affected linearly.-by the OSC2 capacitance.

oo,
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MC68HC05C4

DC ELECTRICAL CHARACTERISTICS
(Vpp=3.3 Vdc +10%, Vgs=0 Vdc, TA=T| to TH, unless otherwise noted)

Characteristic - . ) Symbol Min |- Typ . Max Unit
Output Voltage, ILoadsw.O pA VoL . — 10 )V,
. : VOH Vpp-0.1 — —
Output High Voltage VOH \
(ILoad =0.2 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP(see Figure 19) | - Vpp-03 — —
({Load= 1.6 mA) PD1-PD4 (see Figure 20) ) Vpp-03 |, — —
Output Low Voltage (see Figure 21) VoL — — ) 03, v,
(ILoad =04 mA} PAQ-PA7, PBO-PB?, PCO-PC7, PD1-PD4, TCMP e 1
Input High Voltage i VIH 0.7xVpp — Vpp: v
PAQ-PA7, PB0O-PB7, PCO-PC7, PDO- PD5 PD7, TCAP, IRQ,
RESET, OSC1
Input Low Voltage ViL Vss — 0.2xVpp V% :
PAQ-PA7, PBO-PB7, PCO-PC7, PD0-PD5, PD7, TCAP, IRQ, - o g o
RESET, OSC1 E
Data Retention Mode (0° to 70°C) VRM 2.0 — e \
Supply Current (see Notes) ipD
Run_ (see Figures 22 and 24) — 1.0 25 - mA
Wait (see Figures 22 and 24) — 0.5 14 . mA
Stop (see Figure 24) R -
25°C ) — 1.0 30 A
0° to 70°C (Standard) — — 80 A
+40° to +85°C - —-— — 120 ©opA
—40°to +125°C — — 175 ~pA
1O Ports Hi-Z Leakage Current : IR — — +10 CpA
PAO-PA7, PB0O-PB7, PCO-PC7, PD1-PD4 .
Input Current . lin — — =1 A
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 : '
Capacitance pF
Ports (as input or Output) Cout - — 12
RESET, IRQ, TCAP, PD0-PD5, PD7 . Cin — — ] 8
NOTES:

1. All values shown reflect average measurements.

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

3. Wait Ipp: Only timer system active (SPE=TE=RE=0). If SPI, SC| active (SPE= TE RE=1) add 10% current draw. .. -. :

4..Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fogc=4.2 MHz), all mputs 0.2V from rail;
no dc loads, less than 50 pF on all outputs, Ci =20 pF on 0SC2. .

. Wait, Stop Ipp: All ports configured as inputs, Vi =0.2 V, VIH=Vpp-0.2 V.

. Stop Ipp measured with 0SC1=Vgg.

7. Standard temperature range is 0° to 70°C. Extended temperature (—40°.to +85°C, ~40° to +125°C) versions and a 25°C only
version are available. -

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

oo,
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5.0
40 : /

3.0 - 2 /

- Q
: :
I N
o
20 /
10 A
N
G4
4001
0 —+ ,
0 0.2 04 - 06 . .08

VpD-VOH (Voits)

Figure 19. Typical VQH vs lIgH for Ports A, B, C,' and TCMP

6.0
5.0
8.0 4.0
<
6.0 £ 30
-
A / °
. o
., i/
g \Q : 2.0
2
/4
2.0 A 1.0 A
7
400
0 = 0
0 0.2 0.4 0.6 0 0.1 0.2 0.3 0.4
Vpp-VoH (Volts) VoL (Volts)
Figure 20. Typical VQH vs IgH for PD1-PD4 Figure 21. Typical VoL vs IgL for All Ports

MOTOROLA MICROPROCESSOR DATA
3-887



10D (mA}

MC68HC05C4

35
35 mAY 35
30 30
RUN
(OPERATING)
MODE
25 25
20 20
<
13
a (1.6 mA)
[a)
15 = 15 7
(1.0 mA)
1.0 < 10
) (0.9 mAl
/N
P (S
o >
0.54 O 05 Ao A0 mA)
(0.4 mA)
O
NP
0 T 0 T
0 05 1.0 15 20 0 05 1.0 15 2.0

Internal Frequency 1/tcycle (MHz}

internal Frequency 1/tcycle (MHz)

Figure 22. Typical Current vs Internal Frequency for Run and Wait Modes
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7.0

- {7.0mA)

/

/ : (4.0 mA)

Vpp=5V+10%
6.0

5.0 /

© 40

IDD (MA)
%
%o
9
\o

' Al

3.0 OQQ

& OO

&S \ﬂa\\
2.0 - /1
10 A
Stopipp | (140 4A, 0°-70°C)
0 — fT
0 0.5 1.0 1.5 2.0

" Internal Frequency (MHz)

Figure 23. Maximum {pp vs Frequency for VDD =5.0 Vd¢'

(2.5 mA)
25 T
SVpp=33V+10%
20
Q
15 o}\o
- R 1.4 mA)
< &0
£ o
a S
= @
1.0 5 ' /Z
/]\\@\\00
e i [ -
05 = |
Stop Ipp 180 wA, 0°—70°C)
— T
0 % T
0.2 0.4 0.6 S 08 10

Internal Frequency (MHz)

k'Fig’ure 24. Maximum Ipp vs Frequency for Vpp=3.3 Vdc
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MC68HC05C4

CONTROL TIMING
(VDD =5.0 Vdc £10%, Vgg=0 Vdc, To= T|_ to TH) )
Characteristic .Symbol Min Max Unit
Frequency of Operation ‘ fosc MHz
Crystal Option : — 4.2
External Clock Option : dc 42
Internal Operating Frequency . fop ' MHz
Crystal (fogc+2) } — 2.1
External Clock (fogc+2) ) jdc 2.1
" | Cycle Time (see Figure 28) : . . teye 480 - ns
Crystal Oscillator Startup Time (see Figure 28) toxov — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (see Flgure 25) tILCH — : 100 ms
RESET Pulse Width (see Figure 28) ‘ tRL 1.5 — teye
Timer .
Resolution** tRESL 4.0 —_ teye
Input Capture Pulse Width (see Figure 26) tTH tTL 125 — ns
Input Capture Pulse Period (see Figure 26) , TTLTL *xx — teye
Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) . YLH 125 — ns
Interrupt Pulse Period (see Figure 8) tiLL . — teyc
0SC1 Pulse Width . toH, tOL 90 — ns

*The minimum period tjL )| should not be less than the number of cycle times it takes to execute the interrupt service routine plus
21 teye
**Since a 2-bit prescaler in the timer must count four internal cycles “cyc): this is the limiting minimum factor in determining the
timer resolution.
***The minimum period tTTL should not be less than the number of cycle times it takes to execute the capture interrupt service
routine plus 24 teyc.

WZ//////J/// ///y/////J

le— tRL —>

et N 7

[ tLH

1RQ2 -—-\ }

| e 1) CH ——————— e 40641y —I
TRG3

\_

'00“0.0'00'0‘010'“@@0 XEC

Address
Bus
RESET or Interrupt
Vector Fetch

NOTES:
1. Represents the internal gating of the OSC1 pin.
2. TRQ pin edge-sensitive mask option.
3. TRQ pin level and edge-sensitive mask option.
4. RESET vector address shown for timing example.

Figure 25. Stop Recovery Timing Diagram

.
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MC68HC05C4

CONTROL TIMING
(Vpp=3.3 Vdc+10%, Vgg=0 Vdc, TA=Ty_ to TH)
Characteristic Symbol Min Max Unit
Frequency of Operation fosc * MHz
Crystal Option - 20
External Clock Option dc 20
Internal Operating Frequency fop MHz
Crystal (foge +2) — 1.0
External Clock (fogc+2) dc 1.0
Cycle Time (see Figure 28) teye 1000 - - - ns
Crystal Oscillator Startup Time (see Figure 28) toxov — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25} YLCH - 100 ms
RESET Pulse Width — Excluding Power-Up (see Figure 28) tRL 1.5 - teye
Timer
Resolution** tRESL 4.0 - teye
Input Capture Pulse Width (see Figure 26) . tTH tTL 250 - ns
Input Capture Pulse Period (see Figure 26) tTLTL xxx — teye
Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) e 250 — ‘ns
Interrupt Pulse Period (see Figure 8) fLIL * — teyc
0SC1 Pulse Width ] toH. toL 200 T — “ns

*The minimum period t| |i should not be less than the number of cycle times it takes to execute the interrupt service routine plus
21 teye.
**Since a 2-bit prescaler in the timer must count four internal cycles (teyc). this is the limiting minimum factor in determining the
timer resolution.
***The minimum period tT_TL should not be less than the number of cycle times it takes to execute the capture interrupt service
routine plus 24 teyc.

o ~ b e
20 N [ [ O I I O O

_Figure 26. Timer Relationships -
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MC68HC05C4

SERIAL PERIPHERAL.INTERFACE (SPI) TIMING
(Vpp=5.0 Vdc +10%, Vgg =0 Vdc, TA=T| to Ty) (see Figure 27)

Num. Characteristic - Symbol Min Max Unit
Operating Frequency )

Master fop(m) dc 0.5 fop

Slave fop(s) dc 2.1 MHz
1 Cycle Time

Master teye(m) 2.0 — teye

Slave teye(s) 480 —- ns
2 |Enable Lead Time

Master tlead(m) * — -ns

Slave tiead(s) - 240 — ns
3 Enable Lag Time

Master tlag(m) * — ns

Slave tiag(s) 240 — ns
4 | Clock (SCK) High Time

Master tw(SCKH)m - 340 — ns

Slave tw(SCKH)s 190 _ ns
5 [ Clock (SCK) Low Time )

Master tw(SCKL)m 340 — ns

Slave tw(SCKL)s 190 — ns
6 Data Setup Time (Inputs) -

Master tsu(m) 100 — ns .

Slave tsu(s) 100 — ns
7 Data Hold Time {Inputs)

Master th{m) 100 — ns

Slave th(s) 100 — ns
8 Access Time (Time to Data Active from High-Impedance State) ‘

Slave ta 0 120 ns
9 | Disable Time (Hold Time to High-Impedance State)

Slave tdis — 240 ns
10 | Data Valid

Master (Before Capture Edge) ty(m) 0.25 — teye(m)

Slave (After Enable Edge)** ty(s) — 240 ns
11 | Data Hold Time (Outputs)

Master (After Capture Edge) tho(m) 0.25 — teye(m)

Slave (After Enable Edge) tho(s) 0 — ns
12 | Rise Time {20% Vpp to 70% Vpp, CL =200 pF)

SPI Outputs (SCK, MOSI, and MISO) _ trm . 100 ns

SPI Inputs (SCK, MOSI, MISO, and SS) Ctrg — 2.0 us
13 | Fall Time (70% Vpp to 20% Vpp. C| =200 pF)

SPI Outputs (SCK, MOSI, and MISQ) tfm — 100 ns

SPI Inputs (SCK, MOSI, MISO, and SS) tfg — 2.0 us

*Signal production depends on software.
**Assumes 200 pF load on all SPI pins.
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING
(Vpp=3.3 Vdc+10%, Vgg=0 Vdc, TA=T| to TH) {see Figure 27)

Num. Characteristic Symbol Min Max Unit
Operating Frequency

Master fop(m) de 0.5 fop

Slave fop(s) dc 1.0 MHz
1 Cycle Time

Master } teye(m) 2.0 — teye

Slave teyels) 1.0 — us
2 |Enable Lead Time

Master tead(m) * - ns

Slave tiead(s) 500 — ns
3 Enable Lag Time

Master tlag(m) * - ns

Slave tag(s) 500 —_ ns
4 | Clock {SCK) High Time

Master tw(SCKH)m 720 — us

Slave ) tw(SCKH)s 400 — ns
5 | Clock (SCK) Low Time

Master tw(SCKL)m 720 — s

Slave tw(SCKL)s 400 — ns
6 | Data Setup Time (Inputs)

Master tsu{m) 200 - ns

Slave tsu(s) 200 — ns
7 | Data Hold Time (Inputs)

Master th(m) 200 — ns

Slave th(s) 200 — ns
8 | Access Time (Time to Data Active from High-Impedance State)

Slave ta 0 250 ns
9 |Disable Time (Hold Time to High-Impedance State)

Slave tdis —_ 500 ns
10 | Data Valid

Master {(Before Capture Edge) ty(m) 0.25 — teye(m)

Slave (After Enable Edge)** tv(s) — 500 ns
11 | Data Hold Time (Outputs) '

Master (After Capture Edge) tho(m) 0.25 — teye(m)

Slave (After Enabie Edge) ) tho(s) 0 — ns
12 | Rise Time {20% Vpp to 70% Vpp. C =200 pF) .

SPI Outputs (SCK, MOSI, and MISO} trm — 200 ns

SPI Inputs (SCK, MOSI, MISO, and SS) : trs — 2.0 ps
13 | Fall Time (70% Vpp to 20% Vpp, CL =200 pF)

SPI Outputs (SCK, MOSI, and MISO) _ tfm — 200 ns

SP! Inputs (SCK, MOSI, MISO, and SS) tis — 2.0 ws

*Signal production depends on software.
**Assumes 200 pF load on all SPI pins.
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Figure 27. SPI Timing Diagrams {Sheet 1 of 2)
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ORDERING INFORMATION

The following information is required when ordering a
custom MCU. The information may be transmitted to Mo-
torola in the following media:

MDOS®, disk file

MS®-DOS/PC-DOS disk file (360K)

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM
MC68HC805C4

To initiate a ROM pattern for the MCU, it is necessary
to first contact the local field service office, a sales person,
or a Motorola representative.

FLEXIBLE DISKS

A flexible disk (MS-DOS/PC-DOS disk file), pro-
grammed with the customer’s program {positive logic
sense for address and data), may be submitted for pattern
generation. The diskette should be clearly labeled with
the customer’s name, data, project or product name, and
the name of the file containing the pattern.

In addition to the program pattern, a file containing the
program source code listing can be included. This data
will be kept confidential and used to expedite the process
in case of any difficulty with the pattern file.

MS-DOS/PC-DOS Disk File

MS-DOS is Microsoft’s Disk Operating System. PC-DOS
is the IBM® Personal Computer (PC) Disk Operating Sys-
tem. Disk media submitted must be a standard density
(360K) double-sided 5 1/4 inch compatible floppy diskette.
The diskette must contain object file code in Motorola’s
S-record format. The S-record format is a character-based
object file format generated by M6805 cross assemblers
and linkers on IBM PC style machines.

EPROMs

A 2764, 68764, or 68766 type EPROM, programmed

with the customer’s program (positive logic sense for
address and data), may be submitted for pattern gener-
ation. Since all program and data space information will
fit on one 2764, 68764, or 68766 EPROM device, the EPROM
must be programmed as described in the following par-
agraphs.

For an MC68HC805C4 MCU start the page zero, user
ROM at EEPROM address $0020 through $004F. Start the
user ROM at EEPROM address $0100 through $10FF with
vectors from $1FF4 to $1FFF. All unused bytes, including
the user’s space, must be set to zero. For shipment to
Motorola, EPROMSs should be placed in a conductive IC
carrier and packed securely. Styrofoam is not acceptable
for shipment.

MDOS is a trademark of Motorola Inc.
MS is a trademark of Microsoft, inc.

XXX

$0020

xxx = Customer D

Verification Media

All original pattern media (EPROMs or floppy disks) are
filed for contractual purposes and are not returned. A
computer listing of the ROM code will be generated and
returned along with a listing verification form. The listing
should be thoroughly checked, and the verification form
should be completed, signed, and returned to Motorola.
The signed verification form constitutes the contractual
agreement for the creation of the customer mask. To aid
in the verification process, Motorola will program cus-
tomer supplied blank EPROM(s) or DOS disks from the
data file used to create the custom mask.

ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the customer’s ROM pattern will
be sent for program verification. These units will have
been made using the custom mask, but are for the pur-
pose of ROM verification only. For expediency, the MCUs
are unmarked, packaged in ceramic, and tested with five
volts at room temperature. These RVUs are free with the
minimum order quantity, but are not production parts.
RVUs are not backed or guaranteed by Motorola Quality
Assurance:

ORDERING INFORMATION

The foliowing table provides ordering information per-
taining to the package type, temperature, and MC order
numbers for the MC68HC05C4 device.

Package Type Temperature MC Order Number
Plastic 0°Cto +70°C MC68HCO5C4P
(P Suffix) ~40°C to +85°C | MC68HCO5CACP
—40° to +105°C MC68HC05C4VP
~40°C to +125°C | MC68HCO5CAMP
PLCC 0°C to +70°C MC68HCO5C4FN
(FN Suffix) —40°C to +85°C | MC68HCO5C4CFN
~40°C to +105°C | MC68HCO5C4VFN
—40°C to +125°C | MC68HCO5C4MFN

IBM is a registered trademark of International Business Machines Corporation.

MOTOROLA MICROPROCESSOR DATA
3-897




PIN ASSIGNMENTS

40-PIN DUAL-IN-LINE PACKAGE

© ® N T A W

PA2
PA1
PAO
PBO
PB1
PB2
PB3
PB4
PBS
PB6
PB7
Vss

]VDD

[ osct

] 0sc2

1 TCAP

1 PO7

1 Tcmp

[1 PD5/SS

J PD4/SCK
[ PD3/MOS!
1] PD2/MISO
[1PD1/TDO
[1 PDO/RDI
pco
1o
[1PC2

Hecs

[ Pca

Rpcs

163

PC7

44-LEAD PLCC PACKAGE

© ~ E ad LN) %

SEo2RE 2828

6" 40
PASY7 1 39y PD7
PA4(] N Tcmp
“PA3Q 0 POS/SS
PA2(] D PD4/SCK
PA1( [ PD3/MOS|
PAO{]12 34) PD2/MISO
P8O 0 Pp1/TDO
P81 0 0 PNO/RDI
PB2(] Npco
re3(] D ech,
-pB4Q]17 29[aPc2

18 .23 28

OOUULDUUUUW W

288H 2958833

aaa > aaaaa

NOTE: Bulk substrate tied to Vss.
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MOTOROLA
B SEMICONDUCTOR —

TECHNICAL DATA
MC68HC05C8

Technical Summary
8-Bit Microcontroller Unit

The MC68HC05C8 (HCMOS) microcontroller unit (MCU) is a member of the M68HCO5 Family of
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro-
grammable. as input or output. This publication contains condensed information on the MCU; for
more detailed information, contact your local Motorola sales office.

The following block diagram depicts the hardware features; additional features available on the
MCU are as follows: )

® On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options
Memory-Mapped I/0

176 Bytes of On-Chip RAM

7740 Bytes of User ROM ‘

24 Bidirectional /0. Lines and 7 Input-Only Lines

Serial Communications Interface (SCI) Systerh

Serial Peripheral Interface (SPI) System

Self-Check Mode

Power-Saving STOP, WAIT, and Data Retentron Modes
Single 3.0- to 5.5-Volt Supply {2-Volt Data Retention Mode)
Fully Static Operation . .

8 x 8 Unsigned Multiply Instruction

BLOCK DIAGRAM
TCMP .0scr osc2
Internal Internal
Tcap Timer P'glc:;:"‘ Oscillator ~ |~#=Processor )
— System and Clock
-2 RESET
I — RQ
PAO PCO
PA1 Accumulator ‘_—__’IP(N'
PA2
POt <=5 CPU le—PC2__ o
PA3 Port | Data Index Control Data | Port PC3 Pgrt
[
/0 PA4 1 A Dir }—4 Register — Dir C PC4- /o
Lines PAS Reg | Reg Reg | Reg [*pcg
. (e Lines
PAB Condition PC6
PA7 Code [——
<A Register le—FCT__ 5
CPU
PBO Stack b PortD  Je—"B7
PBI Pointer RD! (PDO)
Port «—tBZ Program M Sd TDO (PD1)
P83 | Port | Data } Counter MISO (PD2}
P
/0 = PB4 8 | Dir |4 High ALU J<MOST{PD3
Lines +—£B5 5] Req | Reg Program - sP [RSCKIDa
. ggs » CoLunler @SS (PD5)
- ow Baud Rate
1 Generator
7740x 8 176x 8 Internal
ROM %‘2}\'/‘13 Processor
240 x 8 Clock
Self-Check
ROM

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

The signal descriptions of the MCU are discussed in
the following paragraphs.

VpD AND Vss

Power is supplied to the microcontroller using these
two pins. Vpp is the positive supply, and Vss is ground.

iRQ

This pin is a programmable option that provides two
different choices of interrupt triggering sensitivity. Refer
to INTERRUPTS for more detail.

0SC1, 0sC2

These pins provide control input for an on-chip clock
oscillator circuit. A crystal, a ceramic resonator, a resistor/
capacitor combination, or an external signal connects to
these pins providing a system clock. A mask option se-
lects either a crystal/ceramic resonator or a resistor/ca-

Crystal
2MHz | 4 MHz | Units
RsMAX 400 75 2
Co 5 7 oF
T 0.008 | 0012 uF
CoscC1 1540 16-30 pF
CosC2 1530 | 1525 pF
Rp 10 0 Mo
30 _ 40 K

pacitor as the frequency determining element. The
oscillator frequency is two times the internal bus rate.

RC Oscillator

With this option, a resistor is connected to the oscillator
pins as shown .in Figure 1(d). The relationship between
R and fogc is shiown in Figure 2.

Crystal

The circuit shown in Figure 1(b) is recommended when
using a crystal. Using an external CMOS oscillator is rec-
ommended when crystals outside the specified ranges
are to be used. The crystal and components should be
mounted as close as possible to the input pins to mini-
mize output distortion and start-up stabilization time. Re-
fer to ELECTRICAL SPECIFICATIONS for Vpp
specifications.

Ceramic Resonator
A ceramic resonator may be used in place of the crystal
in cost-sensitive applications. The circuit in Figure 1(b) is

Ceramic Resonator

: 2-4 MHz| Units
Rg (typical) 10 Q
Co 40 pF
G 4.3 pF
Cosci 30 pF
Cosc2 30 pf
Rp 1-10 MQ
Q 1250 -

(a) Crystal/Ceramic Resonator Parameters

MCU

0SC1 0sc2
39 Rp 138

AAA
WA

'HDI—._“

Cosci==

— Coscz

it
l|}—'L

(b) CrystaI/CeramicvResonator :
Oscillator Connections

MCU
0sC1 0SC2

(d) RC Oscillator Connections

0SC2 — N} —AM—— 05C1

(c) Equivalent Crystal Circuit

MCcu
0SC1 0SC2
39 38

Unconnected

L——————< External Clock

(e) External Clock Source Connections
(For Crystal Mask Option Only)

Figure 1. Oscillator Connections
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1t
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0.2

0.1

Oscillator Frequency (MHz)

0.05

0.02

0.01

1 2 5 0 20

60 100 200 500 1000

Resistance (k)

Figure 2. Typical Frequency vs Resistance for
RC Oscillator Option Only

recommended when using a ceramic resonator. Figure
1(a) lists the recommended capacitance and resistance
values. The manufacturer of the resonator considered
should be consulted for specific information on resonator
operation. ‘

External Clock

An external clock should be applied to the OSC1 input
with the OSC2 input not connected, as shown in Figure
1(e). This option may only be used with the crystal os-
cillator mask option.

INPUT CAPTURE (TCAP)

This pin controls the input capture feature for the on-
chip programmable timer.

OUTPUT COMPARE (TCMP)
This pin provides an output for the output compare
feature of the on-chip timer.

RESET

This pin is used to reset the MCU and provide an or-
derly start-up procedure by pulling RESET low.

INPUT/OUTPUT PORTS (PAO-PA7, PB0-PB7, PCO-PC7)

These 24 lines are arranged into three 8-bit ports (A,
B, and C). These ports are programmable as either inputs
or outputs under software control of the data direction
registers. Refer to PROGRAMMING for addmonal infor-
mation.

FIXED INPUT PORT (PD0-PD5, PD7)

These seven lines comprise port D, a fixed input port.
All special functions that are enabled (SPI, SC) affect this
port. Refer to PROGRAMMING for additional information.

PROGRAMMING

Input/output port programming, fixed input port pro-
gramming, and serial port programming are discussed
in the following paragraphs.

INPUT/OUTPUT PORT PROGRAMMING

Any port pin is programmabie as either an input or an
output under software control of the corresponding data
direction register (DDR). Each port bit can be selected as
output or input by writing the corresponding bit in the
port DDR to a logic one for output and logic zero for input.
On reset, all DDRs are initialized to logic zero to put the
ports in the input mode. The port output registers are not
initialized on- reset but may be written to before semng
the 'DDR bits to avoid undefined levels.

When programmed as outputs, the latched output data
is readable as input data regardless of the logic levels at
the output pin-due to output loading. The latched output
data bit may always be written. Therefore, any write to
a port writes ail of its data bits, even though the port DDR
is set to input. This port write may be used to initialize
the data registers and avoid undefined outputs. Refer to
Figure 3 for typical port circuitry and to Table 1 for a list
of the I/O p|n functions.

Table 1. I/O Pin Functions

RW* DDR 1/O Pin Functions ‘
0 0 The I/O pin is in input mode. Data is
. written into the output data latch.
0 1 Data is written into the output data latch
and output to the I/O pin.
1 0 The state of the I/O pin is read.
1 1 The I/0 pin is in an output mode. The
output data latch is read.

*R/W is an internal signal:

FIXED INPUT PORT PROGRAMMING

Port D is a fixed input port (PD0O-PD5, PD7) that monitors
the external pins whenever the SCI or SPI is disabled.
After reset, all seven bits become valid inputs because
all special function drivers are disabled. For example,
with the SCI enabled, PDO and PD1 inputs will read zero.
With the SPI disabled, PD2 through PD5 will read the state
of the pin at the time of the read operation.
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Output 170

l/ Pin

Figure 3. Typical Port /O Circuit

Data Direction
/ «—»| Register
Bit
Latched
Internal —~——»{ Output Data
MCu Bit
Connections
NOTE

An‘y unused inputs and /O ports should be tied to
an appropriate logic level (e.g., either Vpp or Vss).

SERIAL PORT (SCI AND SPi) PROGRAMMING

‘The SCI and SPI use the port D pins for their functions.
The SCI requires two pins (PD0-PD1) for its receive data
input (RDI) and transmit data output (TDO), respectively.
The SPI function requires four of the pins (PD2-PD5) for
its serial data input/output (MISO), serial data output/
input (MOSI), serial clock (SCK), and slave select (SS),
respectively. :

MEMORY

The MCU is capable of addressing 8192 bytes of mem-
ory and I/O registers, as shown in Figure 4. The locations
consist of user ROM, user RAM, self-check. ROM, control
registers, and 1/0. The user-defined reset and interrupt
vectors are located from $1FF4 to $1FFF.

The shared stack area is used during processing of an

interrupt or subroutine call to save the CPU state. The’

stack pointer decrements during pushes and increments
during pulls. Refer to INTERRUPTS for additional infor-
mation.

"NOTE

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

REGISTERS

The.MCU contains the registers described in the fol-
lowing paragraphs.

ACCUMULATOR (A)

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

7

L A |

INDEX REGISTER (X)

The index register is an 8-bit register used for the in-
dexed addressing mode. It contains an 8-bit value that
may be added to an 8- or 16-bit immediate value to create
an effective address. The index register may also be used
as a temporary storage area.

=]

7 0

C x

PROGRAM COUNTER (PC)

The program counter is a 13-bit register that contains
the address of the next byte to be fetched.

12 . . 0
[ ]
STACK POINTER (SP)

The stack pointer is a 13-bit register that contains the
address of the next free location on the stack. During an
MCU reset or the reset stack pointer (RSP) instruction,

the stack pointer is set to location $00FF. The stack pointer

is then decremented as data is pushed-onto the stack and
incremented as data is pulled from the stack.

When accessing memory, the seven most significant
bits are permanently set to 0000011..These seven bits are
appended to the six least significant register bits to pro-
duce an address within the range of $00FF to $00CO.
Subroutines and interrupts may. use up to 64 (decimal})
locations. If 64 locations are exceeded, the stack pointer
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$0000 -1 0000 0000 - Port A Data Register $00
/o j 7PB°;::S Port B.Data Register - $01
32 Bytes Port C Data Register i h.802
. : Port D Fixed Input Register '~ | $03

1F . ] -~ - R
o —— P it Port A Data Direction Register s04
: :8‘:; LY . Port B Data Direction Register $05
o 48 Bytes 0\079 Port C Data Direction Register $06
$0050 ‘ 0og0’ " Seial Peripheral Unused $07

S o Interface

R 3 Bytes Unused 08
RAM - Unused $09

176 Bytes \

i i A\ Serial Peripheral Control Register $0A
' " Serial " " -
$00BF P _l 0191y Communications Serial Peripheral Status Register $0B:
3900 r stack | 0% v 'g';'faoe Serial Peripheral Data /0 Register s0C
.Bytes
SOOFF 64 Bytes| 0255 \ v Serial Communications Baud Rate Register "{ $0D
$0100 0256 \ ’ " Timer Serial C ions Control Register 1 | $OE
o User \ 10 Bytes _ Serial Communications Control Register2 | $OF
768%0x' » ) \ Serial Communications Status Register $10
S1EFE N IR \ " Unused Serial Communications Data Register $1
$1F00 ;gg N \ 4 Bytes Timer Control Register $12
0031 Timer Status Register $13
Self Check ] " —
\ nput Capture High Register: $14
$1FDF \\ Input Capture Low Register $16
S1FEO \ Output Compare High Register $16
Self-Check —t -

Vectors i 256 Bytes \ Output Compare Low Register $17
$1FEF 8175 \ Counter High Register $18
$1FFO Unused 8176 \\ Counter Low Register $19
$1FF3 4 Bytes 8179 \ Alternate Counter High Register $1A
$ FF4 VLJ;eor s 8180 \ . Alyevnate Countgr pr Register $18
$1FFF 12 Bytes 8191 ) A Unused $1C

\ - ~ Unused $1D
Unused $1E
\
 Unusel . $1
\ d F
Figure 4. Memory Map
wraps around and loses the previously stored informa- Half Carry (H)

tion. A subroutine call occupies two locations on the stack;
an interrupt uses five locations.

0

DOD AN

CONDITION CODE REGISTER (CCR)

The CCR is a 5-bit register in which four bits are used
to indicate the results of the instruction just executed.
These bits can be individually tested by a program, and
specific actions can be taken as a result of their state.
Each bit is explained in the following paragraphs.

CCR

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

Interrupt (1)

When this bit is set, the timer and external interrupt is
masked (disabled). If an interrupt occurs while this bit is
set, the interrupt is latched and processed as soon as the
interrupt bit:is cleared.

Negative (N)

When set, this bit indicates that the result of the last
arithmetic, logical, or data manipulation was negative
(bit 7 in the result is a logic one). :

Zero (2)
When set, this bit indicates that the result of the last
arithmetic, logical, or data manipulation was zero.
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Carry/Borrow (C)

When set, this bit indicates that a-carry or borrow out
of the arithmetic logical unit (ALU) occurred during the
last arithmetic operation, This bit is also affected during
bit test and branch instructions and during shifts and
rotates. :

' SELF-CHECK

The self-check capability provides the ability to deter-
mine if the device is functional. Self-check is performed
using the circuit shown in Figure 5. Port C pins PC0-PC3

SCI — Transmission test; checks RDRF, TDRE, TC,
and FE flags
SPI — Transmission test; checks SPIF, WCOL, and
MODF flags
Self-check results (using the LEDs as monitors) are
shown in Table 2. The following subroutines are available
to the user and do not require any external hardware.

TIMER TEST SUBROUTINE

This subroutine returns with the Z bit cleared if any
error is detected; otherwise, the Z bit is set. The timer
test subroutine is called at location $1FOE. The output
compare register is first set to the current timer state,

are monitored for the self-check results. After reset, the
following seven tests are performed automatically:
1/0 — Exercise of ports A, B,and C .
RAM — Counter test for each RAM byte
ROM — Exclusive OR with odd ones parity result
Timer — Tracks counter register and checks OCF flag
Interrupts — Tests external, timer, SCi and SPI in-
terrupts

Because the timer is free running and has only a divide-
by-four prescaler, each timer count cannot be tested. The
test reads the timer once every 10 counts (40 cycles) and
checks for correct counting. The test tracks the counter
until the timer wraps around, triggering the output com-
pare flag in the timer status register. RAM locations $0050
and $0051 are overwritten. Upon return to the user’s pro-
gram, X=40. If the test passed, A=0.

RESET
— 1.0 4F
RESET | |
< =
310k
vop 2 oo
osct F2—g— I =
>10M -
b3
MCU 3 3 4mH:z
—2 pa7 osca & l =
5 PAG 3 {See Note) ==
6 PD7 —-——-:L +5V
PAS 35 =
7 TCMP —— 47K
Pad p05/55 2
L8] pa3 B 1M
91 paz PDa/scK 10k 2N3904
2 A
10 PD3/MOSI A
PA1 31
1" : PD2/MISO
PAO 30
PD1/TDO
eoormon 22— =
X 1k
12} pgo PCO 2 —— LA +5V
22| pe pc1 2 —
4 % ik
0k L] [, pco 126 'Ys_. v
15 pc3 b2 X ALK
= PB3 " ¢ WA
L_16} PB4 PC4
17} pgs pes b2
18] pee: pos {22
19 pg7 pey 2
Vss
L2

NOTE: The RC Oscillator Option may aiso be used:in this circuit.

Figure 5. Self-Check Circuit Schematic Diagram

MOTOROLA MICROPROCESSOR DATA
3-904



MC68HC05C8

Table 2. Self-Check Results

pcs | pc2 | pe1 | peo Remarks
1 0 0 1 |Bad /O
1 0 1 0 |Bad RAM
1 0 1 1 |Bad Timer
1 1 0 0 |Bad SCi
1 1 0 1 |Bad ROM
1 1 1 0 |[Bad SPI
1 1 1 1 |Bad Interrupts or IRQ Request
Flashing Good Device
All Others Bad Device, Bad Port C, etc.

0 indicates LED is on; 1 indicates LED is off.

ROM CHECKSUM SUBROUTINE

This subroutine returns with the Z bit cleared if any
error is detected; otherwise, the Z bit is set. The ROM
checksum subroutine is called at location $1F93 with RAM
location $0053 equal to $01 and A=0. A short routine is
set up and executed in RAM to compute a checksum of
the entire ROM pattern. RAM locations $0050 through
$0053 are overwritten. Upon return to the user's program,
X=0. If the test passed, A=0.

RESETS

The MCU can be reset two ways: by initial power-up
and by the external reset input (RESET). The RESET input
consists mainly of a Schmitt trlgger that senses the RE-
SET line logic level.

POWER-ON RESET (POR)

An internal reset is generated on power-up to allow
the internal clock generator to stabilize. The power-on
reset is strictly for power turn-on conditions and should
not be used to detect a drop in the power supply volitage.
There is a 4064 internal processor clock cycle (
after the oscillator becomes active. If the RESET pin is
low at the end of 4046 tgyc, the MCU will remain in the
reset condition until RES%T goes high.

) delay -

EXTERNAL RESET INPUT

The MCU is reset when a logic zero is applied to the
RESET input for a period of one and one-half machine
cycles (teyc)-

INTERRUPTS

The MCU can be interrupted five different ways: the
four maskable hardware interrupts (IRQ, SPI, SCI, and
timer) and the nonmaskable software interrupt instruc-
tion (SWI).

Interrupts cause the processor to save register contents
on the stack and to set the interrupt mask (I bit) to prevent
additional interrupts. The RTI instruction causes the reg-
ister contents to be recovered from the stack and normal
processing to resume. The stacking order is shown in

E Figure 6.

Unlike RESET, hardware interrupts do not cause the
current instruction execution to be halted but are con-
sidered pending until the current instruction is complete.

NOTE

The current instruction is the one already fetched
and being operated on.

When the current instruction is complete, the processor
checks all pending hardware interrupts. If unmasked (I
bit clear) and if the corresponding interrupt enable bit is
set, the processor proceeds with interrupt processing;
otherwise, the next instruction is fetched and executed.

if both an external interrupt and a timer interrupt are
pending at the end of an instruction execution, the ex-
ternal interrupt is serviced first. The SWI is executed the
same as any other instruction, regardless of the I-bit state.

" Refer to Figure 7 for the reset and interrupt instruction
~-processing sequence.

TIMER INTERRUPT

There are three different timer.interrupt flags that cause
a timer interrupt whenever they are set and enabled. The
interrupt flags are in the timer status register (TSR), and
the enable bits are in the timer control register (TCR).
Refer to TIMER for more information.

7 0 Stack
R 1 [ 11 I Condition Code Reguster 'L
E Accumulator T
Increasing Memory | T - . E Decreasing Memory
Addresses U Index Register R Addresses
z olofo] PCH R
U
PCL P
Unstack T

NOTE: Since the Stack Pointer decrements during pushes, the PCL is
stacked first, followed by PCH, etc. Pulling from the stack is

in the reverse order.

Flgure 6. Interrupt Stacking Order
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From
" RESET
Is
i Bit
Set
N
wa . Clear IRQ '
External Y Request
Interrupt Latch
N
' Y
o Stack
PC, X, A, CC
Timer ' L .
tnternal A .
interrupt Set
y t Bit
) '
Load PC from:
o SWI:$1FFC-$1FFD
scl Y IRQ: $1FFA-$1FFB
Internal Timer: $1FF8-$1FF9
Interrupt ' SCI: $1FF6-$1FF7
SPI: $1FF4-$1FF5
N Y
Complete
interrupt
. Routine
SPI Y and Execute
Internal RT!
Interrupt -
N
Fetch :
Next .
Instruction '

Execute
Instruction

Figure 7. Reset and Interrupt Processing Flowchart
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EXTERNAL INTERRUPT

If thé interrupt mask bit { blt) of the CCR is set, all
interrupts are disabled. Clearing the | bit enables the ex-
ternal interrupt. The external interrupt is internally syn-
chronized and then latched on the falling edge of IRQ.
The action of the external interrupt is identical to the timer
|nterrupt with the exception that the interrupt request
input at iRQ is fatched internally and the service routine
address is specified by the contents of $1FFA and $1FFB.

Either a level-sensitive and edge-sensitive trigger, or
an edge-sensitive-only trigger are available as a mask
option. Figure 8 shows both a functional internal diagram
and a mode timing diagramfot the interrupt line. The
timing diagram shows two treatments of the interrupt
line to the processor. The first method shows a single
pulse on the interrupt ling spaced far enough apart to be
serviced. The minimum time between pulses is a function
of the length of the interrupt service. Once a pulseoccurs,
the next pulse should not occur until an RTI occurs. This

Level-Sensitive Trigger

Interrupt Pin

time (tj L) is obtained by adding 21 instruction cycles to
the total number of cycles it takes to complete the service
routine (not including the RTI instruction). The second
method shows many interrupt lines ““wire-ORed”’ to form
the interrupts at the processor. If the interrupt line re-’
mains low:after servicing an lnterrupt, then the next in-
terrupt is recognized. .

. NOTE
The internal interrupt fatch is cleared in the first part’
of the interrupt service routine; therefore, one ex-
terhal interrupt pulse could be latched and serwced
as soon as the | bit is cleared.

SOFTWARE INTERRUPT .(SWI) )

The SWI is an executable instruction that is executed.
regardless of the state of the I 'bit in the CCR. If the | bit
is 'zero, SW| executes after the other interrupts. The SWI

External
Interrupt
!—-q : Request

I Bit(CC)

/7_‘,— "Power-On ‘Reset

External Reset

\—&_—'— _External Interrupt

b Being Serviced {Vector Fetch)

(a) Interrupt Internal Function Diagl;a’m

IRG —FL}‘-—'ILIH LJ ‘

[': L

.

Edge-Sensitive Trigger Condition
The minimum pulse width (ty |} is either
125 ns (Vpp =5 V) or 260 ns (Vpp=3 V).
The period tj ji. should not be less than
the numbes of teyc cycles it takes to ex-
ecute the interrupt service routine plus 21
toyc Cycles.

. Level-Senaitive Trigger Condition

iIf after servicing an interrupt the IRQ re-
mains fow, then the next interrupt is
recognized.

r Normally
} Used with

Wire-ORed
Connection

[

J

(b} Interrupt Mode Diag;rah )

" Figure 8. External Interrupt
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operation is similar to the hardware interrupts. The in-
terrupt service routine address is specified by the con-
tents of memory locations $1FFC and $1FFD.

SCI INTERRUPTS

Aninterrupt in the SCl occurs when one of the interrupt
flag bits in the serial communications status register is
set, provided the | bit in the CCR is clear and the enable
bit in the serial communications control register 2 is set.
Software in the serial interrupt. service routine must de-
termine the cause and priority of the SCl interrupt by
examining the interrupt flags and status bits in the .SCI
status register. -

SPI INTERRUPTS

An interrupt in the SPl occurs when one of the interrupt
flag bits in the serial peripheral status register is set,
provided the | bit in the CCR is clear and the enable bit
in the serial peripheral control register is set. Software
in the serial peripheral interrupt service routine must de-
termine the cause and priority of the SPI interrupt by
examining the interrupt flag bits in the SP| status register.

LOW-POWER MODES

STOP

The STOP instruction places the MCU in its lowest power
consumption mode. In the STOP mode, the internal os-
cillator is turned off, halting all internal processing in-
cluding timer, SCI, and SP! operation (refer to Figure 9).

During the STOP mode, the TCR bits are altered to
remove any pending timer interrupt request and tb dis-
able any further timer interrupts. The timer prescaler is
cleared. The | bit in the CCR is cleared to enable external
interrupts. All other registers and memory remain unal-
tered. All input/output lines remain unchanged. The pro-
cessor can be brought out of the STOP mode only by an
external interrupt or reset.

SCI during STOP Mode

When the MCU enters the STOP mode, the baud rate
generator stops, halting all SCI activity. If the STOP in-
struction is executed during a transmitter transfer, that
transfer is halted. If a low input to the IRQ pin is used to
exit STOP mode, the transfer resumes. If the SCI receiver
is receiving data and the STOP mode is entered, received
data sampling stops because the baud rate generator
stops, and all subsequent data is lost. For these reasons,
all SCl transfers should be in the idle state when the STOP
instruction is executed.

SPI during Stop Mode
When the MCU enters the STOP mode, the baud rate

generator stops, terminating all master mode SPI oper-

ations. If the STOP instruction is executed during an SP!
transfer, that transfer halts until the MCU exits the STOP

mode by a low signal on the IRQ pin. If reset is usedto~ - **

exit the STOP mode, then the SPI control and status bits
are cleared, and the SP! is disabled. If the MCU is in the

slave mode when the STOP instruction is executed, the
slave SPI continues to operate and can still accept data
and clock information in addition to transmitting its own
data back to a master device.

At the end of a possible transmlsswn with a slave SPI
in the STOP mode, no flags are set until a low on the IRQ
pin wakes up the MCU. Caution should be observed when
operatmg the SPI as a stave during the STOP mode be-
cause the protective cnrcultry (WCOL, MODF etc.) is in-
active.

WAIT

The WAIT. instruction places the MCU in‘a low-power
consumption mode, but the WAIT mode consumes more
power than the STOP mode. All CPU action is suspended,
but the timer, SCI, and SPI remain active (refer to Figure
10)..An interrupt from the timer, SCI, or SPI can cause
the MCU to exit the WAIT mode.

During the WAIT mode, the | bit in the CCR is cleared
to enable interrupts. All other registers, memory, and
input/output lines remain in their previous state. The timer

i 1 Stop ,

Stop Oscillator
And All Clocks

Clear | Bit

Reset

‘External
Interrupt

{IRQ)

Turn On Oscillator
Wait for Time
Delay to Stabilize

{1) Fetch Reset Vector or
{2) Service Interrupt
a. Stack
b. Set | Bit
. Vector to interrupt
Routine

_ Figure 9. STOP Function Flowchart
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may be enabled to allow a periodic exit from the WAIT
mode.

DATA RETENTION MODE

The contents of RAM and CPU registers are retained
at supply voltages as low as 2.0 Vdc. This is called the
data retention mode where the data is held, but the device
is not guaranteed to operate. The MCU should be in RESET
during data retention mode.

TIMER

The timer consists of a 16-bit, software-programmable
counter driven by a fixed divide-by-four prescaler. This
timer can be used for many purposes, including input
waveform measurements while simultaneously gener-
ating an output waveform. Pulse widths can vary from

| Wait ,

\

Oscillator Active
Timer, SCI, And SPI
Clocks Active
Processor Clocks Stopped

several microseconds to many seconds. Refer to Figure
11 for a timer block diagram.

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

NOTE

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

Reset

y

Restart
Processor Clock

(1) Fetch Reset Vector or
(2) Service Interrupt
a. Stack
" b. Setl Bit
¢. Vector to interrupt”
Routine

Timer
Interrupt

SPI
Interrupt

Figure 10. WAIT Function Flowchart
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» ? : B T _Internal Bus J
—
1 . Internal : 1
Processor 8-Bit
Clock Buffer
Iy
High | Low )
Byte -| Byte . High Low "High | Low
Byte ) Byte Byte | Byte
16-Bit Free| 418 Input $14
Running Capture
Counter | $19 Register | $15
Counter $1A . A
Alternate
Register | $1B°
Output Overflow Edge
Compare Detect Detect
Circuit Circuit Circuit
|
0 Qf—
ok
Output P
Timer Level
Status | ICF OCFT TOF | $13 Reg. c
Reg. . {
Timer RESET
[acue l OCIE l TOIE [IEDG IOLVL. Cg:;'”
J $12
[[— '
’ lnt_errup( l Output Edge
. Circuit Level Input
I (TCMP) (TCAP)

Figure 11. Timer Block Diagram

COUNTER

The key element in the programmable timer is a 16-

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

The double-byte, free-running counter can be read from .
either of two locations, $18-$19 (counter register) -or
$1A-$1B (counter alternate register). A read from only
the least significant byte (LSB) of the free-running counter
($19, $1B) receives the count value at the time of the read.
If a read of the free-running counter or counter alternate
register first addresses the most significant byte (MSB)
($18, $1A), the LSB ($19, $1B) is transferred to a.buffer.

This buffer value remains fixed after the first MSB read,
even if the user reads the MSB several times. This buffer
is accessed when reading the free-running counter or
counter alternate register LSB ($19 or $1B) and, thus,
completes a read sequence of the total counter value. In
reading either the free-running counter or counter alter-
nate register, if the MSB is read, the LSB must also be
read to complete the sequence.

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

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

OUTPUT COMPARE REGISTER

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

The output compare register contents are compared
with the contents of the free-running counter continually,
and if a match is found, the corresponding output com-
pare flag (OCF) bit is set and the corresponding output
level (OLCL) bit is clocked to an output level register. The
output compare register values and the output level bit
should be changed after each successful comparison to
establish a new elapsed timeout. An interrupt can also

accompany a successful output compare provided the:

corresponding interrupt enable bit (OCIE) is set.

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

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

INPUT CAPTURE REGISTER

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

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

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

free-running counter value that corresponds to the most
recent input capture.

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

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

TIMER CONTROL REGISTER (TCR) $12

The TCR is a read/write register containing five control
bits. Three bits control interrupts associated with the timer
status register flags ICF, OCF,.and TOF.

7 6. 5 4 3 2. .1 0
| ICIE I omd TOIE i 0 [ 0 [ I IEDGW oLvL |
RESET: :

0 0 0 0 0.0 U 0

ICIE — Input Capture Interrupt Enable
1 =Interrupt enabled
=Interrupt disabled
OCIE — Output Compare Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
TOIE — Timer Overflow Interrupt Enable
1=Interrupt enabled
0=Interrupt disabled
IEDG — Input Edge
Value of input edge determines which level transition
on TCAP pin will trigger free-running counter transfer
to the input capture register v
1=Positive edge
0=Negative edge
Reset does not affect te IEDG bit (U= unaffected).
OLVL — Output Level
Value of output level is clocked into output level reg-
ister by the next successful output compare and will
appear on the TCMP pin
1=High output
0=Low output
Bits 2, 3, and 4 — Not used
Always read zero

TIMER STATUS REGISTER (TSR) $13

The TSR is a read-only register containing three status
flag bits.

7 6 5 4 3 2 1 0
llCFiOCFlTOFTO'O—[UIOTﬂ
RESET: ' '

U u ] 0 0 0 0 0

ICF — Input Capture Flag
1=Flag set when selected polarity edge is sensed by
input capture edge detector
0=Flag cleared when TSR and input capture low reg-
ister ($15) are accessed
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OCF — Output Compare Flag )
1=Flag set when output compare register contents
match the free-running counter contents
0=Flag cleared when TSR and output compare low
register ($17) are accessed
TOF — Timer Overflow Flag

1=Flag set when free-running counter transvtlon from’

" $FFFF to $0000 occurs
0=Flag cleared when TSR and counter low register
($19) are accessed
Bits 0-4 — Not used
Always read zero

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

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

1) The timer status register is read or wntten when

TOF is set, and

2} The LSB of the free-running counter is read but not

for the purpose of servicing the flag.

The counter alternate register at address $1A and $1B
contains the same value as the free-running counter (at
address $18 and $19); therefore, this alternate register
can be read at any time ‘without affecting the timer ov-
erflow flag in the timer status register. -

TIMER DURING WAIT MODE

The CPU clock halts during the WAIT mode, but the
timer remains active. An interrupt from the timer causes
the processor to exit the WAIT mode.

TIMER DURING STOP MODE

In the STOP mode, the timer stops counting and holds
the last count value if STOP is exited by an interrupt. If
RESET is used, the counter is forced to $FFFC. During
STOP, if at least one valid input capture edge occurs at
the TCAP pin, the input capture detect circuit is armed.
This does not set any timer flags nor wake up the MCU,
but when the MCU does wake up, there is an active input
capture flag and data from the first valid edge that oc-
curred during the STOP mode. If RESET is used to exit
STOP mode, then no input capture flag or data remains,
even if a valid input capture edge occurred.

SERIAL COMMUNICATIONS INTERFACE

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

SCI TWO-WIRE SYSTEM FEATURES

e Standard NRZ (mark/space) format

‘@ Advanced error detection method includes noise de-
tection for noise duration of up to one-sixteenth bit
time

® Full-duplex operation (snmultaneous transmltand re-
ceive)

® Software programmabile for one of 32 different baud
rates

e Software-selectable word length (elght~ or nine-bit
words)

@’ Separate transimitter and receiver enable bits

® SCI may be interrupt driven

® Four separate interrupt conditions

SCI RECEIVER FEATURES

® Receiver wake-up function (idle or address bit)
Idle line detect '
Framing error detect -

Noise detect

Overrun detect :

Receiver data register full flag

SCI TRANSMITTER FEATURES

o Transmit data register empty flag
® Transmit complete flag
o Break send

Any SCl two-wire system require‘s receive data in (RDI)
and transmit data out (TDO).

DATA FORMAT

Receive data in (RDI) or transmit data out (TDO) is the
serial data presented between the internal data bus and
the output pin (TDO) and between the input pin'(RD!) and
the internal data bus. Data format is as shown for the
NRZ in Flgure 12,

Control bit “M"
Selects 8 or 9 bit data
r———

4 5 6 7 8 0

IdleLine

.-~ e~

*Stop bit is always high.

vo~wm
;.

Figure 12. Data Format
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WAKE-UP FEATURE

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

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

RECEIVE DATA IN:

Receive data in (RDI) is the serial data which is pre-
sented from the input pin via the SCi to the receive data

register (RDR). While waiting for a start bit, the receiver .

samples the input at a rate 16 times higher than the set
baud rate.. This increased rate is-referred to as the RT
rate. When the input (idle) line is detected low, it is tested
for three more sample times. If at least two of these three
samples detect a logic low, a valid start bit is assumed
to be detected. If in two or more samples, a logic high is
detected, the line is assumed to be idle. The receive clock
generator is controlled by the baud rate register (see Fig-
ure 13); however, the SCl is synchronized by the start bit
independent of the transmitter. Once a valid start bit is
detected, the start bit, each data bit, and the stop bit are
each sampled three times. The value of the bit is deter-
mined by voting logic, which takes the value of a majority
of samples. A noise flag is set when all three samples on
a valid start bit, data bit, or stop bit do not agree. A noise
flag is also set when the start verification samples do not
agree.

START BIT DETECTION FOLLOWING A FRAMING ERROR

If there has been a framing error (FE) without detection
of a break (10 zeros for 8-bit format or 11 zeros for a 9-
bit format), the circuit continues to operate as if there
actually were a stop bit, and the start edge will be placed

artificially. The last bit received in the data shift register -

is inverted to a logic one, and the three logic-one start
qualifiers are forced into the sample shift register during
the interval when detection of a start bit is anticipated;
therefore, the start bit will be accepted no sooner than it
is anticipated.

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

TRANSMIT DATA OUT

Transmit data out (TDO) is the serial data presented
from the transmit data register (TDR) via the SCI to the
output pin. The transmitter generates a bit time by using
a derivative of the RT ‘clock, producing a transmission
rate equal to one-sixteenth that of the receiver sample
clock. ; :

FUNCTIONAL DESCRIPTION

A block diagram of the SCl is shown in Figure 13. The
user has option bits in the serial communications control.
register 1 (SCCR1) to determine the SCl-wake-up method
and data word length. Serial communications control
register 2 (SCCR2) provides control bits that individually
enable/disable the transmitter or receiver, enable system
interrupts, and provide wake-up enable, and send break
code bits. The baud rate register bits allow the user to
select different baud rates, which are used as the rate
control for the transmitter and receiver.

Data transmission is initiated by a write to the serial
communications data register (SCDAT). Provided the
transmitter is enabled, data stored in the SCDAT is trans-

‘ferred to the transmit data shift register. This data transfer

sets the SCI status register (SCSR) transmit data register
empty (TDRE) bit and generates an interrupt if the trans-
mit interrupt is enabled. Data transfer to the transmit data:
shift register is synchronized with the bit rate clock. All
data is transmitted LSB first. Upon completion of data
transmission, the transmission complete (TC) bit is set
{provided no pending data, preamble, or break code is
sent), and an interrupt is generated if the transmit com-
plete interrupt is enabled. If the transmitter is disabled,
and the data, preamble, or break code has been sent, the
TC bit will also be set, which will also generate an inter-
rupt if the TCIE bit is set. If the transmitter is disabled in
the middle of a transmission, that character will be com-
pleted before the transmitter gives up control of the TDO
pin.

When the SCDAT is read, it contains the last data byte
received, provided that the receiver is enabled. The SCSR
receive data register full (RDRF) bit is set to indicate that
a data byte is transferred from the input serial shift reg-
ister to the SCDAT, which can cause an interrupt if the
receiver interrupt is enabled. Data transfer from the input
serial shift register to the SCDAT is synchronized by the
receiver bit rate clock. The SCSR overrun (OR), noise flag
(NF), or FE bits are set if data reception errors occur.

An idle line interrupt is generated if the idle line inter-
rupt is enabled and the SCSR IDLE bit (which detects idle
line transmission) is set. This allows a receiver that is not
in the wake-up mode to detect the end of a message, the
preamble of a hew message, or to resynchronize with

. the transmitter. A valid character must be received before

the idle line condition for the IDLE bit to be set and for
an idle line interrupt to be generated.

REGISTERS

There are five registers used in the SCI; the internal
configuration of these registers is discussed in the fol-
lowing paragraphs.

Serial Communications Data Register (SCDAT) $11

The SCDAT is a read/write register used to receive and
transmit SCI data.

_ 7 6 5 4 3 2 1 0
[ 'sco7 [ scos | scos | scos | scos | seoa | scor | scoo |

RESET:
U u. u U U U u U
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As shown in Figure 13, SCDAT functions as two sep- transmit shift register. The receive data register (RDR)
arate registers. The transmit data register (TDR) provides provides the interface from the receive shift reglster to
the parallel interface from the internal data bus to the the-internal data bus.

SCl!Interrupt . Internal Bus >

$OF
- SCCR2
SCDAT | Transmit | (See TIE (See | Receive Data| SCDAT
$11 |Data Register| Note) Note}| Register $11
r TCIE d
< = 4t
r ILIE
Transmit Data) Receive Data
[shift Register[* ; TE | .. ™shift Register
: RE * 1 ’
o 1 SBK
PDVTDO - PDO/RDI
RWU
[
~ ) ¥
Wake
SCSR Up
FE IDLE [RDRF| TORE| 510 Unit
\ L L W) J ) ‘
: ‘ /
y
sax{ fTE -7
L_| Transmit Fiag Receive
Control Controt Control
\

% A

. : internal
" Rate Generator : J‘——— Processor
Clock

\ A
—t Baud
| $0D - — {SCP1[ SCPO — | SCR2|SCR1|SCRO| Rate
Register
4 1 [
$OE | R8 T8 - M |WAKE{ - - - SCCR1

1

NOTE: The Serial Communications Data Register ( SCDAT) is controfled by the internal R/ W signal. Itis the transmit data register when )

written and receive data register when read.
Figure 13. SCI Block Diagram
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Serial Communications Control Register 1 (SCCR1) $OE

The SCCR1 provides control bits that determine word
length and select the wake-up method.

7 6 5 a3 2 1o
Lo [ [ — [ w [wae] — [ - [~ |
RESET: - ’

u u — U U - ==
R8 — Receive Data Bit 8 )
R8 bit provides storage location for the ninth bit'in the
receive data byte (if M=1).
T8 — Transmit Data Bit 8
T8 bit provides storage location for the nlnth bit i in the
transmit data byte (if M=1).
M — SCI Character Word Length
1=one start bit, nine data bits, one stop bit
‘0= one start bit, eight data bits, one stop blt
WAKE — Wake-Up Select
Wake bit selects the receiver wake—up method.
1= Address bit (most significant bit)
0=Idle line condition
Bits 0~2, and 5 — Not | used
Can read either one or zero

The address bit is dependent on both the wake-bit and
the M-bit level. Addmonally, the receiver does not use
the wake-up feature unless the RWU control bit i m 'SCCR2
is set.

Wake M
0 X

Receiver Wake-Up

Detection of an idle line allows the next data
byte received to cause the receive data reg-
ister to fill and produce an RDRF flag.

Deteciion of a received oné in the eighth
data bit allows an RDRF flag-and associated
error flags.

Detection of a received one in the ninth data
bitallows an RDRF flag and associated error
flags.

Serial Communications Control Register 2 (SCCR2) $OF

The SCCR2 provides control of individual SCI functions
such as interrupts, transmit/receive enabling, receiver
wake-up, and break code.

7 6 5 4 3 2 1 0
[ e [roe [ e [we [ re [ re | awu | sex |
RESET: e ' R
o o o -0 o0 0o 0

TIE — Transmit Interrupt Enable
1=S8Cl interrupt enabled
0=TDRE interrupt disabled

TCIE — Transmit Complete Interrupt Enable
T=8Cl interrupt enabled
0=TC interrupt disabled

RIE — Receive Interrupt Enable .
1=S8Cl interrupt enabled: .- Lo
0=RDRF and OR interrupts dlsabled

ILIE — Idle Line Interrut Enable
1=S8Cl intertupt enabled
0=Idle interfupt disabled
TE — Transmit Enable i
1 =Transmit shift register output is appliéd to the TDO
line. Depending upon the SCCR1 M bit, a pream-
ble of 10 (M=0) or 11 (M= 1) consecutive ones is
transmitted.
0=Transmitter disabled after last byte is loaded in
the SCDAT and TDRE is set. After last byte is
" transmitted, TDO line becomes a high- |mpedance
line. -
RE — Receive Enable o
1=Receiver Shlft register mput is applued to the RDI
line.
0=Receiver dlsabled and RDRF IDLE, OR NF, and
FE status bits are inhibited.
RWU — Receiver Wake-Up
1=Places receiver in sleep mode and enables wake-
" up function
0=Wake-up function disabled after receiving data
word with MSB set (if WAKE=1) ’ )
Wake-up function also disabled after receiving 10
(M=0)or11 (M= 1)consecut|veones (if WAKE =0)
SBK —-Send Break
1=Transmitter continually sends blocks of zeros (sets
of 10 or 11) until cleared. Upon completion: of
break code, transmitter sends one hlgh blt for rec-
ognition of valid start bit.
0=Transmitter sends 10 (M =0} or 11 (M 1) zeros
then reverts to an idle state or continues sending
data. If transmitter is empty and idle, setting and
clearing the SBK bit may queue up to two char-
acter times of break because the first break trans-
fers immediately to the shift register,-and the
second is queued into the parallel transmit buffer.

Serial Communications Status Register (SCSR) $10

The SCSR provides inputs to the SCI interrupt logic
circuits. Noise flag and framing error bits are also con-
tained in the SCSR.

78 5 1 32 1o
[vore | 7 [rome [ oe | on [ we [ /e [ — |

RESET:
1

1 0 0 0 0 0 -

TDRE — Transmit Data Register (TDR) Empty
1=TDR contents transferred to the transmit data shift
register
0=TDR still contains data TDRE is cleared by reading
the SCSR (with TDRE =1), followed by a write to
the TDR.
TC — Transmit Complete
* 1=Indicates end of data frame, preamble, or break
condition has occurred .
* 0=TC bit cleared by reading the SCSR (wnth TC= 1),
followed by a write to the TDR
RDRF — Receive Data Register (RDR) Full .
1=Receive data shn‘t register contents transferred to
the RDR
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0=Receive data shift register transfer did not occur.
RDRF is cleared by reading the SCSR (with
RDRF =1) followed by a read of the RDR
IDLE — Idle Line Detect
=Indicates receiver has detected an idle line
0=IDLE is cleared by reading the SCSR (with IDLE = 1),
followed by a.read of the RDR. Once IDLE is
cleared, IDLE cannot be set until RDI line becomes
active and idle again.
OR — Overrun Error :
=Indicates receive data shift register data’is sent to
a full RDR (RDRF=1). Data causing the overrun
is lost, and RDR data is not disturbed.
0=0R is cleared by reading the SCSR {with OR=1),
followed by a read of the RDR.
NF — Noise Flag
1=Indicates noise is present on the receive bits, in-
cluding the start and stop bits. NF is not set until
RDRF=1.
0=NF is cleared by readmg the SCSR (with NF=1),
followed by a read of the RDR
FE — Framing Error
1=Indicates stop bit not detected in received data
character. FE is set the same time RDRF is set. If
received byte causes both framing and overrun
errors, processor will only recognize the overrun
error. Further. data transfer into the RDR is inhib-
ited until FE is cleared.
0=NF is cleared by reading the SCSR (with FE=1),
followed by a read of the RDR.
Bit 0 — Not used
Can read either one or zero

Baud Rate Register $0D

The baud rate register is used to select the SCI trans-
mitter and receiver baud rate. SCP0O and SCP1 prescaler

bits are used in conjunction with the SCRO through SCR2

baud rate bits to provide multiple baud rate combinations
for a given crystal frequency. Bits 3, 6, and 7 always read
zero.

SCP0 — SCI Prescaler Bit 0

SCP1 — SCI Prescaler Bit 1
Two prescaler bits are used to increase the range of .
standard baud rates controlled by the SCR0O~-SCR2
bits. Prescaler internal processor clock division ver-
sus bit levels are listed in Table 3.

SCRO — SCI Baud Rate Bit 0 -

SCR1 — SCI Baud Rate Bit 1

SCR2 — SCI Baud Rate Bit 2
Three baud rate bits are used to select the baud rates -
of the SCI transmitter and SCI receiver. Baud rates
versus bit levels are listed in Table 4.

Tables 3 and 4 tabulate the divide chain used to obtain
the baud rate clock {transmit clock). The actual divider
chain is controlled by the combined SCP0-SCP1 and SCRO-
SCR2 bits in the baud rate register. All divided frequen-
cies shown in Table 3 represent the final baud rate re-
sulting from the internal processor clock division shown
in the divided-by column only (prescaler division only).
Table 4 lists the prescaler output divided by the action
of the SCI select bits (SCR0-SCR2). For example, assume
that a 9600-Hz baud rate is required with a 2.4576-MHz
external crystal. In this case, the prescaler bits (SCPO-
SCP1) could be configured as a divide-by-one or a divide-
by-four. If a divide-by-four prescaler is used, then the
SCRO-SCR2 bits must be configured as a divide-by-two.
Using the same crystal, the 9600 baud rate can be ob-
tained with a prescaler divide-by-one and the SCRO-SCR2
bits configured for a divide-by-eight.

SERIAL PERIPHERAL INTERFACE

The serial peripheral interface (SPI) is an interface built
into the MCU which allows several MCUs or MCUs plus
peripherals to be interconnected within thé same black
box. In the SPI format, the clock is not included in the
data stream and must be furnished as a separate.signal.
An SPI system may consist of one master MCU and sev-
eral slaves (Figure 14) or MCUs that can be either masters
or slaves.

7 6 5 4 3 2 1 0
I 1
- | = ] SCP1 l SCPO T — l SCR2 Tscm i SCRO ] Features: ‘
RESET: o Full-duplex, three-wire synchronous transfers
- — 0 1] — 1} 1] u ® Master or slave operation
Table 3. Prescaler nghest Baud Rate Frequency Output

SCP Bit }{Iock* Crystal Freq y MHz

1 [ Divided By 4.194304 2.4576 2.0 1.8432
0 0 1 131.072 kHz 125.000 kHz 76.80 kHz 62.50 kHz 57.60 kHz
0 1 3 43.691 kHz 41,666 kHz 25.60 kHz 20.833 kHz 19.20 kHz
1 0 4 32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz
1 1 13 10.082 kHz 9600 Hz 5.907 kHz 4800 Hz 4430 Hz -

*Refers to the internal processor clock.

NOTE: The divided frequencnes shown in Table 3 represent baud rates which are the highest transmit baud rate (TX) that can be
obtained by a speclflc crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing
a further division using the SCI rate select bits as shown below for some representative prescaler outputs.
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Table 4. Transmit Baud Rate Output for a Given Prescaler Oytput

SCR Bits Divided Rep ive Highest P ler Baud Rate Output
2 1 0 By 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz
0 0 0 1 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz
0 0 1 2 65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz
0 1 0 4 32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz" 2400 Hz
0 1 1 8 16.384 kHz " 4.096 kHz 9600 Hz 2400 Hz 1200 Hz
1 0 0 16 8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz
1 0 1 32 4.096 kHz 1.024 kHz * 2400 Hz 600 Hz 300 Hz
1 1 0 64 2.048 kHz 512 Hz 1200 Hz 300 Hz 150 Hz
1 1 1 128 1.024 kHz 256 Hz 600 Hz 150 Hz 75 Hz

NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud
rates {transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate.

MISO M6805 HCMOS Slave 0
MOSI
SCK MISO SCK
SS ——"Voo mos! 5§
MB805 HCMOS
Master
P On
o 1
R 2
T 3 —
“MOSI §S MOSI SS MOSI 55
MISO™ SCK MISO  SCK MISO  SCK

. M6805 HCMOS Slave 3

M6805 HCMOS Slave 2

M6805 HCMOS Slave 1

Figure 14, Master-Slave System Configuration

1.05 MHz (maximum) master bit frequency

2.1 MHz {maximum) slave bit frequency

Four programmable master bit rates
Programmable clock polarity and phase
End-of-transmission interrupt flag.

Write collision flag protection :
Master-master mode fault protection capability

SIGNAL DESCRIPTION

The four basic signals (MOS!, MISO, SCK, and SS) are
described in the following paragraphs. Each signal func-
tion is described for both master and slave mode.

Master Out, Slave In

The master out, slave in (MOSI) line is configured as
an output in a master device and as an input in a slave
device. The MOSI line is one of two lines that transfer
serial data in one direction with the most significant bit
sent first.

Master In, Slave Out

The master in, slave out (MISO) line is configured as
an input in a master device and as an output in a slave
device. The MISO is one of two lines that transfer serial
data in one direction with the most significant bit sent
first. The MISO line of a slave device is placed in a high-
impedance state if slave is not selected (SS=1).

Serial Clock

The serial clock (SCK) is used to synchronize both data
in and out of a device via the MOSI and MISO lines. The
master and slave devices can exchange a byte of infor-
mation during a sequence of eight clock cycles. Since
SCK is generated by the master device, this line becomes
an input on a slave device.

As shown in Figure 15, four possible timing relation-
ships may be chosen by using control bits CPOL and
CPHA in the serial peripheral control register (SPCR). Both
master and slave devices must operate with the same
timing., -
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sck (cPOL=0) |

SCK (CPOL= 1) | I | I |1| II | I
) T

i
: [
$5* (Slaves) -[ I

1
Sample Input * §

“Data out (CPHA=1)

1 N . K
" Sample Input : 'C—'—)lr—’—\lclj}ﬁcj—jo
Data out (CpHPAi)O) MSB- Y Bit 6 Bit 1 LS8

Figure 15. Data Clock Timing Diagram

Two bits (SPRO and SPR1) in the SPCR of the master
device select the clock rate. In a slave device, SPRO and
SPR1 have no effect on SPI operation.

Slave Select

The slave select (SS) input line selects a slave device.
The SS line must be low prior to data transactions and
must stay low for the duration of the transaction. The SS
line on the master must be tied high; if the SS line goes
low, a mode fault error flag (MODF).is set in the serial
peripheral status register (SPSR).

When CPHA =0, the shift clock is the OR of SS wnth
SCK. In this clock phase mode, SS must go high between
successive characters in an SPl message. When CPHA=1,

SS must go high between successive characters in an

SPI message. When CPHA=1, SS may be left low, for
several SPI characters. In cases where there is only one
SPI slave MCU, the slave MCU SS line could be tied to
Vss as long as CPHA =1 clock modes are used.

MISO (PD2)- MOSI (PD3)
‘M

FUNCTIONAL DESCRIPTION

A block diagram of the SPI is shown in Figure 16. In a
master configuration, the CPU sends a signal to the mas-
ter start logic, which originates an- SPI clock (SCK) based
on the internal processor clock. As a master device, data
is parallel loaded into the 8-bit shift register from the
internal bus during a write cycle and then serially shifted
via the MOSI pin to the slave devices. During a read cycle,
data is applied serially from a slave device via the MISO
pin to the 8-bit shift register. Data is then parallel trans-
ferred to the read buffer and made availabie to the in-
ternal data bus during a CPU read cycle.

In a slave configuration, the slave start logic receives
a logic low at the SS pin and a clock input at the SCK
pin. This synchronizes the slave with the master. Data
from the master is received serially at the slave MOSI pin
and shifted into the 8-bit shift register for a parallel trans-
fer to the read buffer. During a write cycle, data is parallel
loaded into the 8-bit shift register from the internal data

8 lmernal
(Load) ’7“—"_‘*" Data
' Bus
PIF
$0C 8 (End Tx)|
8-8it Shift (Fully
Register

] 8

> ,
Read Buffer

internal
Processor SCK (PD4)
Clock
J Read.
i
Generator - Logic
— ) Slave
SS (PD5) Start
4 Logic ~ Write
2
: Controt
- SPCR Bits

N -l . State .
J___Lgo_mroller :

$0A

‘t . ;
sesr[™ — 3 )
" s0B 2« Flags i - mnadl RETE

/7 <

4 >

Figure 16.-SPI Block Diagram
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bus, awaiting the clocks from the master to shift out se-.

rially to the MISO pin and then to the- master device.
Figure 17 illustrates the MOSI, MISO, SCK, and SS
master-slave interconnections.

REGISTERS

There are three registers in the SPI that provide control,
status, and data storage functions. These registers, the
serial peripheral control register (SPCR), serial peripheral
status register (SPSR), and serial peripheral data 1/0 reg-
ister (SPDR), are descrlbed in the followmg paragraphs

Senal Peripheral Control Reglster $0A

- The SPCR provides control of individual SPI functions
such as interrupt and system enabling/disabling, master/
slave mode select, and clock polarity/phase/rate select.

] SPIE | sj TMSTRI cpoﬂ CPHﬂ SPRITSPRO |

RESET:
0 0 — 0 u 1 v u

SPIE — Serial Peripheral Interrupt Enable
1=SPl interrupt enabled :
0=SPI interrupt disabled
SPE — Serial Peripheral System Enable
1=SP! system.on
0=SPI system off
MSTR — Master Mode Select
1=Master mode
0=Slave mode
CPOL — Clock Polarity
Clock polarity bit controls the clock value and is used
in conjunction with the clock phase (CPHA) bit.
1=S8CK line idles high
0=SCK line idles in low state
CPHA — Clock Phase
Clock phase bit along with CPOL controls the clock-
data relationship between the master and slave de-
-vices. CPOL selects one of two ¢locking protocols.
1=88 is an output enable control.
0= Shift clock is the OR of SCK with SS.
When SS is low, first edge of SCK invokes first
data sample.

SPRO, SPR1 — SPI Clock Rate Bits '
Two clock rate bits are used to select one of four. cIock
rates to be used as SCK in the master mode. In:the
slave mode, the two clock rate bits have no effect. Clock
rate selection is shown in the following table.

Bit 5 — Not used -

Can read either one oF zero

SPI Clock Rate Selection

SPR1 SPRO Internal Processor i
Clock Divided By
0 0 2
0 1 4
1 0 16
1 1 32

Sérial Peripheral Statué Régister $0B
The SPSR contains three status bits.

{s;r LWEM —5- ]ﬂ;‘nJi [ i [

RESET:

=

o - 6o - - - -

SPIF — Sena! Pernpheral Data Transfer Flag
=Indicates data.transfer completed between pro-
cessor and external device.
{If SPIF=1 and SPIE=1, SPI mterrupt is ena-
. bled.)
0=Clearing is accompllshed by readmg SPSR (wuth
SPIF=1) followed by SPDR access.

WCOL — Write Collision -

1=Indicates an attempt is made to wrlte to SPDR
while data transfer is.in process. .

0=Clearing is accomplished by reading SPSR (W|th
WCOL = 1), followed by SPDR access.

MODF — Mode Fault Flag :
1=Indicates multi-master system control conflict.
0=_Clearing is accomplished by reading SPSR (with

MODF=1), followed by a wnte to the SPCR.

Bits 0-3, and 5 — Not used

Can read either zero or one

[
'
o
T “I'MISO MISO
8-Bit Shift Register — 8-Bit Shift Register
K—-J 1
e 1 Most MoS!
o ] '
\ .
| |
SPI ; ksck: SCK!
Clock Generator | > 1 T
. 1 B
15 K1
COY ——

Figure 17. SPI Master-Slave Interconnections
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Serial Peripheral Data /O Register $0C

The SPDR is'a read/write register-used to receive:an
transmit SP! data. - - i
B 6 5 4. 3 2. 0
[ spo7 | spos [ spos | spoa | spoa | spoz | spm [ spoo |

RESET:
u U U U u - u U ]

A write to the SPDR places data directly into the shift
register for transmission. Only a write to this register will
initiate transmission/reception of another byte and will
only occur in the master device. On completion of byte
transmission, the SPIF status bit is set in both master and
slave devices.

A read to the SPDR causes the buffer to be read. The
first SPIF status bit must be cleared by the time a second
data transfer from the shift register to the read buffer
begins, or an overrun condition will exist. In overrun cases,
the byte causing the overrun is lost.

INSTRUCTION SET

The MCU has a set of 62 basic instructions. They can
be divided into five different types: register/memory, read-
modify-write, branch, bit manipulation, and control. The
following paragraphs briefly explain each type.

This ‘'MCU uses all the instructions available in the
M146805 CMOS Family plus one more: the unsigned

Function ) ) Mnemonic
Load A from Memory : LDA
Load X from Memory ! ’ LDX
Store A in Memory STA
Store X in Memory . STX
Add Memory to A : ADD
Add Memory and Carry to A ) ADC
Subtract Memory | . SUB
Subtract Memory from A with Borrow SBC
AND Memory to A ‘ ) AND
OR Memory with A ORA
Exclusive OR Memory with A EOR
Arithmetic Compare A with Memory CMP
Arithmetic Compare X with Memory CPX
Bit Test Memory with A (Logical Compare) BIT
Jump Uﬁconditional JMP
Jump to Subroutine JSR

READ-MODIFY-WRITE INSTRUCTIONS

These instructions read a memory location or a reg-
ister, modify or test its contents, and write the modified
value back to memory or to the register. The test for
negative or zero {TST) instruction is an' exception to the
read-modify-write sequence since it does not modify the
value. Refer to the following list of instructions.

multiply (MUL) instruction. This instruction allows un- . -
signed multiplication of the contents of the accumulator Function ‘M"e"'°“'°
(A) and the index register {X). The high-order product is Increment INC
ther:n stored in the mdex register, and thq Iow-ort'ie.r'prod- Decrement ; ‘ DEC
uct is stored in the accumulator. A detailed definition of -
the MUL instruction is shown below. Clear : CLR
— C COM
Operation [ X:A X*A . Complement -
° ) : . Negate {Th | t, . NEG
Description - | Multiplies the eight bits in the index register egate (Twos Complement) —
by ‘the eight bits in the accumulator to obtain Rotate Left Thru Carry v ROL
a 16-bit unsigned pumber ip the concatenated Rotate Right Thru Carry ROR
accumulator and index register - S
ical Shift L LSL
Condition H: Cleared Logical Shift Left
Codes I: Not affected Logical Shift Right LSR
N: Not affected o o
ASR
7. Not affected Arithmetic Shift Right
C: Cleared Test for Negative or Zero TST
Source MUL ' Muitiply MUL
Form(s) Addressing
Mode Cycles Bytes | Opcode BRANCH INSTRUCTIONS
Inherent | 11 1 $4a2 This set of instructions branches if a particular condi-

REGISTER/MEMORY INSTRUCTIONS

Most of these instructions use two operands. One op-
erand is either the accumulator or the index register. The
other operand is obtained from memory using one of the
addressing modes. The jump unconditional (JMP) and
jump to subroutine (JSR) instructions have no register
operand. Refer to the following instruction list., -

tion is met; otherwise, no operation is performed. Branch
instructions are two-byte instructions. Refer to the fol-
lowing list for branch instructions.

Function Mnemonic
Branch Always . BRA
Branch Never BRN
— Continued —
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BIT MANIPULATION INSTRUCTIONS

The MCU is capable of setting or clearing any writable
bit which resides in the first 256 bytes of the memory
space where all port registers, port DDRs, timer, timer
control, ROM, and on-chip RAM reside. An additional
feature allows the software to test and branch on the state
of any bit within these 256 locations. The bit set, bit clear
and bit test, and branch functions' are all implemented
with a single instruction. For test and branch instructions,

the value of the bit tested is also placed in the carry bit

of the condition code register. Refer to the following list
for bit manipulation instructions.

Function
Branch if Bit n is Set

Mnemonic
BRSET n (n=0...7)
BRCLR n (n=0...7)

Branch if Bit n is Clear

Set Bitn BSET n (n=0...7)
Clear Bit n BCLRn (n=0...7)
CONTROL INSTRUCTIONS

These instructions are register reference instructions
and are used to control processor operation during pro-
gram execution. Refer to the following list for control
instructions.

'Function Mnemonic
Transfer A to X TAX
Transfer X to A TXA
Set Carry Bit , ' SEC
Clear Carry Bit CLC
Set Interrupt Mask Bit SEI
— Continued —

Function Mnemonic Function Mnemonic
Branch if Higher ‘ ~ BHI Clear Interrupt Mask Bit cu
Branch if Lower or Same BLS Software Interrupt SWI
Branch if Carry Clear BCC Return from Subroutine RTS
Branch if Higher or Same BHS Return from Interrupt RTI
Branch if Carry Set BCS Reset Stack Pointer : : RSP
Branch if Lower BLO No-Operation NOP
-Branch if Not Equal BNE Stop : STOP
Branch if Equal BEQ Wait WAIT
Branch if Half Carry Clear BHCC
Branch if Half Carry Set BHCS OPCODE MAP SUMMARY
Branch if Plus BPL Table 5 is an opcode map for the instructions used on
Branch if Minus ) BMI the MCU. .
Branch if Interrupt Mask Bit is Clear BMC
Branch if Interrupt Mask Bit is Set BMS . i
Branch if Interrupt Line is Low BIL ADDRESS|NG MODES
Branch if Interrupt Line is High BIH
Branch to Subroutine BSR The MCU uses ten different addressing modes to pro-

vide the programmer with an opportunity to optimize the
code for all situations. The various indexed addressing
modes make it possible to locate data tables, code con-
version tables, and scaling tables anywhere in the mem-
ory space. Short indexed accesses are single byte
instructions; the longest instructions {three bytes) permit
accessing tables throughout memory. Short and long ab-
solute addressing is also included. One- or two-byte di-
rect addressing instructions access all data bytes in most
applications. Extended addressing permits jump instruc-
tions to reach all memory.

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

IMMEDIATE

In the immediate addressing mode, the operand is con-
tained in the byte immediately following the opcode. The
immediate addressing mode is used to access constants
that do not change during program execution (e.g., a
constant used to initialize ‘a loop counter).

DIRECT

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

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 in
memory with a single three-byte instruction. When using
the Motorola assembler, the user need not specify whether
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Table 5. Opcode Map

Bit lstion | Branch - Reed/Modify/ Write Control
BTl lql-l !q:ﬂ %1 X__ ] JENT TV R
Hi ] . 7 9 A Hi
Low 1 0010 0011 0101 0110 o 1000 _1001 1010 o1 nu = Low
3 6 5
0 BRSETO | BSETO BRA NEG NEGA NEGX NEG NEG RTI sus sus suB 0
| 0000 13 Blg 2 J&% g DIR L1 INH T INH X1 11 Xt lNI-st 2. IM»; 2 ma J)% oo |
| w‘(" BRCLRTO BCLRO BRNR RTS , MF:AM , CMPom , ‘CMP,D< ' l‘
j_&.g_ 1 INH SN
5 3 " H 3
- 2 BRSET1 BSET1 BHI MUL SBC s8C SBC 2
0010 3 2 ss% 2 BEL - 1 \N; 5 - ~ 2 IMN; 2 DIR 1 X 0010
3" BRCLRT| 2BCI.I;ISC , BLS® COM a ICOM/:M |COM>'s 5 CoM A CcoM x SWIN , CP)l(MM , CPXDm . CcPX x 3u'
ﬁz 3 ﬂ g o]l | INH IX 1 ol m
5 3 3 3 5 2 3 .
4 BRSETTZ BSE'{BSC 2 BCCREL 2 LSITJTR , LSRA LSHXN LSR LSR - ANDM , ANDoa . ANDJS '4 -
0100 3 b Y INH X1 ] X i i 9100 .
5 5 3 Z 2 N; 3 3
-|5‘ BﬁCLRT2 BCLR2 BCS 2 8IT wlz BITDR . BIT x 05
010 2 BSC . !
- - % . 5 5 3 3 5 B 2 3 3 m_1
| 6 BRSET3 BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA 6
0110 - K] T % 2 R LI - IN " ] <Nl; 2 Ixé 1 I)é 2 INM | 2 DIF‘: EXT| 3 lxg X141 l‘ .0no
7 BRCLR3 BCLR3 BEQ .ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
. 13 Mg 2 2 Rili 2 DR | N1 1 INH | 2 X1 1 1 1 INH - 2 le; - ex: 3 X g [ 0;. o
i l-e BRSET4 SSET4C LBHCRCEL 2 LSt oy l.SLANH . LSLXN 2 LSt Ay LSt i CLClN 2 EORM ; EORDR EO T EOR,X anm . €OR I); ‘Bv
000 k) u! f INH X X 1 H MM IR X 000
N 5F 3 5 3 3 5 - 2 3 4
9 | BRCLR4 | BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
1001 3 79 1 2 BSC |2 gﬂj 2 ou; 1 IND; 1 mg 2 |>(‘v5 1 |>; 1 INH 12 IM»; 2 DIR EXT] 3 ng X1t |); 1001
A BRSETS BSET5 BPL DEC DECA DECX DEC DEC cul ORA ORA ORA ORA ORA ORA A
[ _10t0 15 ns% 2 R L _ DR N Y INH | 2 X1 1x i NH | 2 MM | 2 gg exT |3 g% LR % 1010
‘H)Bn BRCLR‘S BCLRS | BMIﬁ E SElN ADIZLI ADD n ADD s IV\DDD(2 ADDm , ADD x ‘g‘
3 [} E 2 £y ! INH i
- 3 3 3 6 5 2 Z M Ef £X) 4 3 H
C BRSETE BSET6 BMC INC INCA INCX INC INC RSP JMP JMP - JMP JMP JMP S Ci
1100 T REL 2 o {1 INH IM; 2 u(; L 1 |m; ] DIR EXT] 3 I)(% X119 |)5( 1100
D BRCLRG BCLR6 B8MS TST TSTA TSTX TST TST NOP BSR JSR JSR - JSR JSR JSR 1 o]
101 BJ’.% 2 Bsg 2 Ri b IR {1 INH| 1 INH | 2 X1 |1 X 5 1 INH |2 Rg; 2 Q% Ex; 3 |x§ I)(: 1 |); L 110
E BRSET? | BSET? BiL sTOP LDX LDX LDX LDX LDX LDX E
1119 3 c 12 REL:i 5 5 s 5 1 INH IMM | 2 DIR EXT] 3 |x§ (1.9 ] |>: 11
F BRCLR7 BCLR? BIH CLR CLRA CLRX CLR CLR | WAIT TXA STX STX STX STX STX F
nn 3 BT8 |2 8sc |2 REL | 2 DIR |1 INH [ 1 INH | 2 x| X | INH |1 INH 2 DIR EXT) 3 X2 Xy X 1
Abbreviations for Address Modes LEGEND
INH Inherent . .
H
A Accumulator . 1F1 \ Opcode in Hexadecimal
X Index Register
MM Immediate 3, Oncode in Binary
DIR Direct Mnemonic L SUB/ 0
EXT Extended Bytes ————¢ 1 IX, 0000 <]
REL Relative ' -
8SC  Bit Set/Clear Cycles Address Mode
878 Bit Test and Branch. . : =
X Indexed (No Offset)
x1 Indexed, 1 Byte (8-Bit) Offset
X2, indexed, 2 Byte (16-Bit) Offset
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MC68HC05C8

an instruction uses direct or extended addressing. The
assembler automatically selects the shortest form of the
instruction.

RELATIVE ’ ) o
The relative addressing mode 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; .control proceeds to the next instruction. The
span of relative addressing is from —126 to + 129 from
the opcode address. The programmer need not calculate

the offset when using the Motorola assembler, since it |

calculates the proper offset and checks to see that it is
within the span of the branch.

INDEXED, NO OFFSET

In the indexed, no offset addressing mode, the effective
address of the argument is contained in the 8-bit index
register. This addressing mode can access the first 256
memory locations. These instructions are only one byte
long. This mode is often used to move a pointer through
a table or to hoid the address of a frequently referenced
RAM or I/O location.

INDEXED, 8-BIT OFFSET

In the indexed, 8-bit offset addressing mode, the ef-
fective address is the sum of the contents of the unsigned
8-bit index register and the unsigned byte following the
opcode. The addressing mode is useful for selecting the
Kth element in an n element table. With this two-byte
instruction, K would typically be in X with the address of
the beginning of the table in the instruction. As such,
tables may begin anywhere within the first 256 address-
able locations and could extend as far as location 510
($1FE is the last location at which the instruction may
begin). :

INDEXED, 16-BIT OFFSET
In the indexed, 16-bit offset addressing mode, the ef-
fective address is the sum of the contents of the unsigned

8-bit index register and the two unsigned bytes following
the opcode. This address mode can be used in a manner
similar to.indexed, 8-bit offset except that this three-byte
instruction allows tables to be anywhere in memory. As
with direct and extended addressing, the Motorola as-
sembler determines the shortest form of indexed ad-
dressing.

BIT SET/CLEAR

Inthe bit set/clear addressing mode, the bit to be set
or cleared is part of the opcode, and the byte following
the opcode specifies the direct addressing of the byte in
which the specified bit is to be set or cleared. Any read/
write bit in the first 256 locations of memory, including
I/0, can be selectively set or cleared with a single two-
byte instruction. ’

BIT TEST AND BRANCH

The bit test and branch addressing mode is a combi-
nation of direct addressing and relative addressing. The
bit that is to be tested and its condition:(set or-clear), is
included in the opcode. The address of the byte to be.
tested is in the single byte immediately following the
opcode byte. The signed relative 8-bit offset in the third
byte is added to the PC if the specified bit is set or cleared
in the specified memory location. This single three-byte
instruction allows the program to branch based on the
condition of any readable bit in the first 256 locations of
memory. The span of branching is from —125 to +130
from the opcode address. The state of the tested bit is
also transferred to the carry bit of the condition code
register.

INHERENT

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

MOTOROLA MICROPROCESSOR DATA
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MC68HC05C8

ELECTRICAL SPECIFICATIONS
MAXIMUM RATINGS (Voitages referenced to Vss)

) Rating Symbol Value Unit This device contains circuitry to protect the in-
puts against damage due to high static voltages
Supply Voltage :Vpp | —03 t°. 70| V or electric fields; however, it is advised that nor-
Input Voltage Vin Vgg —0.3 to Y mal precautions’bé taken to-avoid application of
Vpp +0.3 any voltage higher than maximum-rated voltages
pr—— - - -to this high-impedance circuit. For proper oper-
Seif-Check Mode (IRQ Pin Only) - Vin ;/ S\S;fof (;03 v ation, it is recommended that Vi, and Vgut be
ol DD+ 9. constrained to the range Vgg < (Vi or Vgyt) <
Current Drain Per Pin Excluding I 25 mA VpD. Reliability of operation is enhanced if un-
Vpp and Vss used ir}puts are connected to an appropriate logic
Operating Temperature Range . TA TLto TH °c voltage level (e.g. either Vss or Vpp)-
MC68HCO05C8P, FN Oto +70 :
MC68HC05C8CP, CFN —40to +85
MC68HC05C8VP, VFN " —40to +105
MC68HC05C8MP, MFN —40to +125
Storage Temperature Range Tstg —65to +150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Thermal Resistance 0JA °CW
Plastic - . B 60
Plastic Leaded Chip Carrier (PLCC) - 70
POWER CONSIDERATIONS

For most applications Pj;o<P)NT and can be negleéted.

The average chip-junction temperature, T, in °C can
The following is an approximate relationship between

be obtained from:

Ty=Ta+{(Pp*6ja) (1) Ppand T, {if P10 is neglected):
where: Pp=K=+ (T +273°C), (2)
TA = Ambient Temperature, °C Solving equations (1) and {2) for K gives:
8JA = Package Thermal Resistance, K=Pp+(Tp+273°C)+ 0JAPD2 (3)

Junction-to-Ambient, °C/W
Pp =PINT+PIO

where K is a constant pertaining to the particular part. K
can be determined from equation (3) by measuring Pp

PINT = lccXx Ve, Watts — Chip Internal Power (at equilibrium) for a known Tp. Using this value of K,
Piio = Power Dissipation -on Input and Output the values of Pp and T j can be obtained by solving equa-
Pins — User Determined tions (1) and (2) iteratively for any value of Tp.
Vpp=45V
Pins R1 R2 C
PAQ-PA7, 3.26 k2 | 2.38 kQ 50 pF VDD
PBO-PB7,
PCO-PC7, R2
PD1-PD4 (See Table)
PDO, PD5, PD7| 1.9kQ | 2.26kQ | 200 pF Test
Point
_ R1
Vbp=3.0V (oo {See Tablel
Pins R1 R2 c Table)
PAO-PA7, 1091 k2 | 50 pF =
PBO-PB7, 6.32 k2
PCO-PC7,
PD1-PD4
PDO, PD5, PD7| 6k 6 kQ 200 pF

Figure 18. Equivalent Test Load

MOTOROLA MICROPROCESSOR DATA
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MC68HC05C8

DC ELECTRICAL CHARACTERISTICS
(Vpp=5.0 Vdc+10%, Vg5=0 Vdc, TA=T| to TH, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

Output Voltage, I 0ad<10.0 pA VoL — — 0.1 \

VoH Vpp-01 - -

Output High Voltage VOH . \

{ILoad =0.8 mA) PAO-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 19) Vpp-—0.8 — —
(ILoad = 1.6 mA) PD1-PD4 {see Figure 20) Vpp-0.8 — —

| Output Low Voltage (see Figure 21) VoL — — 0.4 v
(ILoad =1.6 mA) PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4, TCMP ’ )

Input High Voltage VIH 0.7xVpp . Vob \
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ ’
RESET, OSC1

Input Low Voltage ViL Vss — 0.2xVpp v
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, :

RESET, 0SC1

Data Retention Mode (0° to 70°C) VRM 2.0 — — \

:Supply Current (see Notes) Ibp
Run (see Figures 22 and 23)° — 35 7.0 mA
Wait (see Figures 22 and 23) — 1.6 4.0 mA
Stop (see Figure 23)

25°C — 2.0 50 pA
0° to 70°C (Standard) — — 140 pA
—40°to +85°C — — 180 wA
—40°to +125°C — — 250 A

1/0 Ports Hi-Z Leakage Current i — — +10 wA
PAQ-PA7, PBO-PB7, PCO-PC7, PD1-PD4 '

Input Current. lin — — =1 pA
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 y

Capacitance pF
Ports {as Input or Output) Cout e — 12 '
RESET, IRQ, TCAP, PDO-PD5, PD7 Cin — — 8

NOTES:

1. All values shown reflect average measurements.

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

3. Wait ipp: Only timer system active (SPE=TE =RE=0). If SPI, SCI active (SPE=TE= RE 1) add 10% current draw.

4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fosc=4.2 MHz), all mputs 0.2 V from rail;
no dc loads, less than 50 pF on all outputs, C| =20 pF on OSC2.

. Wait, Stop Ipp: All ports configured as inputs, V) =0.2 V, Vi4=Vpp-0.2 V.

. Stop Ipp measured with OSC1=Vsgg.

. Standard temperature range is 0° to 70°C. Extended temperature (—40° to +85°C, —40° to +125°C) versions and a 25°C only
version are available.

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

~No o

MOTOROLA MICROPROCESSOR DATA
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MC68HC05C8

DC ELECTRICAL CHARACTERISTICS
(VDD =3.3 Vdc = 10%, Vgg =0 Vdc, TA=T|_ to TH, unless otherwise noted)

Characteristic : Symbol Min Typ Max Unit
Output Voltage, I gad<10.0 pA VoL — — 0.1 v
) VOH Vpp-0.1 — -
Output High Voltage VOH \'
(ILoad =0.2 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 19) Vpp-03 | — —
{ILoad=0.4 mA) PD1-PD4 (see Figure 20) -, Vpp-0.3 — — )
Output Low Voltage (see Figure 21) VoL - - 03 - \
(ILoad=0.4 mA) PAO-PA7, PB0-PB7, PC0-PC7, PD1-PD4, TCMP .
Input High Voltage VIH 0.7xVpp — Vpp v
PAO-PA7, PB0-PB7, PCO-PC7, PDO—PDS PD7 TCAP, IRQ,
RESET, 0SC1
Input Low Voitage ViL Vss — 0.2xVpp v
PA0-PA7, PB0-PB7, PC0-PC7, PD0O-PD5, PD7, TCAP, IRQ : ' ’
RESET, OSC1
Data Retention Mode (0° to 70°C) VRM 2.0 — — v
Supply Current {see Notes) IbD
Run (see Figures 22 and 24) — 1.0 25 mA
Wait (see Figures 22 and 24) ' - 0.5 1.4 mA
Stop (see Figure 24)
25°C — 1.0 30 HA
0° to 70°C {Standard) — — 80 pA
~40° to +85°C . - — 120 ‘A
—40° to +125°C — - 176 pA
1/0 Ports Hi-Z Leakage Current i — — +10 A
PAQ-PA7, PB0-PB7, PCO-PC7, PD1-PD4 : : )
Input Current lin - — +1 pA
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7
Capac:tance pF
rts {as Input or Output) Cout . . 12 :
RESET IRQ, TCAP, PDO-PD5, PD7 . Cin — — 8
NOTES:

1. All values shown reflect average measurements.

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

3. Wait Ipp: Only timer system active (SPE=TE=RE=0). If SPI, SC| active (SPE=TE=RE=1) add 10% current draw.

4. Run{Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fosc-4 2 MHz), all inputs 0.2 V from rail;
no dc loads, less than 50 pF on all outputs, C| =20 pF on OSC2.

. Wait, Stop Ipp: All ports configured as inputs, V). =0.2.V, Vy=Vpp-0.2 V.,

. Stop Ipp measured with 0SC1=Vgg.

. Standard temperature range is- 0° to. 70°C. Extended temperature (—40° to +85°C, —40° to +125°C) versions and a 25°C only
version are available.

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

NoOo
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50

//

3.0 ' S / :
z ‘ O .
g ¥,
I S
S
~ 20 h

1.0 0/4

ol
&
o )
0 02 0.4 06 .08

VpD-VOH (Volts

Figure 19. Typical VOH vs IgH for Ports A, B, C, and TCMP

6.0
5.0
8.0 4.0
<
6.0 / E 30
-
A / o
= a0 $
=4 XS 2.0
2
&
2.0 ) 1.0
7
~\<>°
0~ 4! 0
0 0.2 0.4 0.6 0 0.1 0.2 0.3 0.4
Vpp-VoH (Volts) VoL (Volts)
Figure 20. Typical VQH vs IgH for PD1-PD4 Figure 21. Typical Vo vs lgL for All Ports
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MC68HC05C8

(3.5 mA)

35 35
3.0 4 ... 30
RUN
(OPERATING)|
MODE
25 25
WAIT
MODE
20 2.0
z —
£ £
_8 8 (1.6 my
15 15
. (1.0 mA)
0 / Y 1.0
) (0.9'mA)
S/
AV N
//'b K
0.5 AR 05 (0.5 mA)
(0.4 mA)
0 0 i
0 05 1.0 15 2.0 0 05 1.0 15 2.0
Internal Frequency 1/tcycle (MHz) Internal Frequency 1/tcycle (MHz)

Figure 22. Typical Current vs Internal Frequency for Run and Wait Modes

.
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Ipp (MA)

MC68HC05C8

7.0

(7.0mA)

/

Vpp=6V+10%
6.0

50 /

40
4.0 mA)
3.0
20
1.0
Stop ipp. (140 pA, 0°—70°C) .
0 — }
0 0.5 1.0 15 2.0

Internal Frequency (MHz)

- Figure 23. Maximum Ipp vs Frequency for Vpp =5.0 Vdc

(2.5 mA)
25 T
Vpp=3.3V+10%
2.0
Q /
15 Q\O
= R (1.4 mA)
< Y
£ KR
Q S
S <
10 I (/
Aé\\\(}g
08 = |
Stopipp | 80kA, 0°0-70°C)
04 ! ! -
] 0.2 0.4 06 - 0.8 . 10

Internal Frequency (MHz)

Figure 24. Maximum Ipp vs Frequency for Vpp =3.3 Vd¢
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MC68HC05C8

CONTROL TIMING ‘
(Vpp=5.0 Vdc+ 10%, Vgs =0 Vdc, TA TLto TH)
Characteristic : Symbol Min Max Unit
Frequency of Operation ) . fosc MHz
Crystal Option ., - 4.2
External Clock Option " dc 42
Internal Operating Frequency ) © fop ) MHz
Crystal (fogc+2) L= 2.1
External Clock (foge+2) ' dc 2.1
Cycle Time (see Figure 28) . : : “teye 480 — ns
Crystal Oscillator Startup Time (see Figure 28) tOXoV — 100 ms
Stop Recovery Startup Time (Crystal 0scnllator) (see Flgure 25) . tiILCH L= 100 ms
RESET Pulse Width (see Figure 28) ‘ L tRL 15 — teye
Timer :
Resolution** tRESL 40 — teye
Input Capture Pulse Width (see Figure 26) o tTH, tTL 125 — ns
Input Capture Puise Period (see Figure 26) tTLTL *rx — toye
Interrupt Pulse Width Low {Edge-Triggered) (see Figure 8) tiLIH 125 — ns
Interrupt Pulse Period (see Figure 8) 1 tu L — toye
0SC1 Pulse Width tOH. tOL © 90 — ns

*The minimum period tj )L should.not be less than the number of cycle times it takes to execute the interrupt service routine plus
21 teyc.
**Since a 2-bit prescaler in the timer must count four internal cycles {teyc), this is the limiting minimum factor in determining the
timer resolution.
***The minimum period tTLTL should-not'be less than the:number of cycle times it takes to execute the capture interrupt service
routine plus 24 teyc.

%///71//////‘ TTTTTT7777,

ﬁ— RL
RESET
[(— HLIH 3>
. N/ |
* YLCH ta 4°§‘f‘cyc _’J

TAG3 %L

internal

Clock ) : " R
. . e, S - . ren e
<2 XXX e XA X e X o X e X

‘ RESET or Interrupt
NOTES: Vector Fetch

1. Represents the internal gating of the OSC1 pin.

2. TRQ pin edge-sensitive mask option.

3. TRQ pin level and edge-sensitive mask option.

4. RESET vector address shown for timing example.

Figure 25. Stop Recovery Timing Diagram
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MC68HC05C8"

CONTROL TIMING
{(Vpp=3.3 Vdc+0.3 Vdc, Vgg=0 Vdc, TA=T| to TH)
Characteristic - - - ) Symbol- Min Max Unit
. Frequency of Operation fosc S MHz
Crystal Option — 200
External Clock Option : . ) dc 20
Internal Operating Frequency fop - S MHz
Crystal (foge+2) . - 1.0
External Clock {fosc +2) | ) L de 1.0
"Cycle Time (see Figure 28) teye 1000 | — 1 ns
Crystal Oscillator Startup Time (see Figure 28) ' tOXOV —_ 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) tew | — . 100. ms,.
“RESET Pulse Width — Excluding Power-Up (see Figure 28) tRL 1.5 - teye
Timer . . . . - . . ’ ’ L
' Resolution** tRESL 4.0 Pt ©toye
Input Capture Pulse Width (see Figure 26) . -« tTH. tTL 250 —_— ns
Input Capture Pulse Period (see Figure 26). . tTLTL L - feye |
Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tLIH 250 -+ — 4 ns
Interrupt Pulse Period {see Figure 8) ‘ B LIL * — | teye
0SC1 Pulse Width B ' _Jtowtor [ 200 — ns

*The minimum period tj ji_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus
21 teyc. .
**Since a 2-bit prescaler in the timer must count four internal cycles (tcvc)» this is the limiting minimum factor in determmlng the

timer resolution.
***The minimum period tTLTL should not be less than the number of cycle tlmes it takes to execute the capture lnterfupt service

routine plus 24 teyc.

R a} — 'F

1 0 B i B e

Figure 26. Timer Relationships’
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MC68HC05C8"

SERIAL PERIPHERAL INTERFACE (SPI) TIMING
(Vpp=5.0 Vdc = 10%, Vgg=0 Vdc, To=T{ to Ty) (see Figure 27)

Num. Characteristic Symbol Min Max Unit
Operating Frequency
Master fop(m) dc 0.5 fop
Slave fop(s) dc 2.1 MHz
1. |Cycle Time
Master teyc(m) 20 - teye
Slave teyc(s) 480 — ns..
2 |Enable Lead Time
Master tiead(m) * - ns
Slave tiead(s) 240 — ns
.3 |Enable Lag Time s
Master Yag(m)-. * -_ ns
Slave Yag(s) 240 — ns
4 | Clock {SCK) High Time
Master - tw(SCKH)m 340 - ns
Slave . tw{SCKH)s 180 — ns
5. .| Clock (SCK) Low Time ]
’ Master tw(SCKL)m 340 - ns
Slave tw(SCKL)s 190 — ns
6 | Data Setup Time (Inputs
Master . tsu(m) 100 — ns
Slave tsu(s) 100 — ns
7 - {Data Hold Time (Inputs) :
Master th{m) 100 — ns
Slave th(s) 100 — ns
8 {Access Time (Time to Data Active from High-Impedance State)
Slave ta 0 120 ns
9 [Disable Time (Hold Time to High-impedance State)
Slave tdis — 240 ns
10 |Data Valid
Master (Before Capture Edge) tv(m) 0.25 — teyeim)
Slave (After Enable Edge)** tv(s) — 240 ns
11 {Data Hold Time (Outputs)
Master (After Capture Edge) tho(m) 0.25 - teye(m)
Slave (After Enable Edge) tho(s)_ 0 —_ ns
12 |Rise Time (20% Vpp to 70% Vpp. C =200 pF)
SPI Outputs (SCK, MOSI, and MISO) _ trm - 100 ns
SPI Inputs (SCK, MOSI, MISO, and SS) trs — 2.0 us
13 | Fall Time (70% Vpp to 20% Vpp, CL=200 pF)
SPI Outputs (SCK, MOSI, and MISO) tfm — 100 ns
SPI Inputs (SCK, MOSI, MISO, and SS) tfs — 2.0 us

*Signal production depends on software.
**Assumes 200 pF load on all SPI pins.
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MC68HC05C8

SERIAL PERIPHERAL INTERFACE (SPI) TIMING
(Vpp=3.3 Vdc+0.3 Vdc, Vgg =0 Vdc, TA=T_ to TH) (see Figure 27)

Num. Characteristic. Symbol Min Max Unit
Operating Frequency : )

Master fop(m) dc 0.5 fop

Slave fop(s) dc 1.0 MHz
1 {Cycle Time

Master teye(m) 20 . — teye

Slave tc\‘,ﬁ_s_, 1.0 - s
2 [Enable Lead Time }

Master = tiead(m) * — ns

Slave tiead(s) 500 — ) ns .
3 Enable Lag Time

Master i tiag(m) * — ns

Slave - Yag(s) 500 - ns
4 | Clock {SCK) High Time

Master tw(SCKH)m 720 - ns

Slave tw(SCKH)s 400 — ns
5 | Clock (SCK) Low Time : .

Master tw(SCKL)Im 720 - us

Slave tw(SCKL)s 400 - ns
6 | Data Setup Time {Inputs) :

Master tsu(m) 200 — ns

Slave tsu(s) 200 —_ ns
7 |Data Hold Time (Inputs) CT )

Master th(m) 200 - ns

Slave this) 200 — ns
8 [Access Time (Time to Data Active from High-Impedance State)

Slave ) ta 0 250 ns
9 |Disable Time (Hold Time to High-Impedance State)

Slave o : tdis = 500 ns
10 |Data Valid. o

| Master (Before Capture Edge) ty(m) 025 - teye(m)

Slave (After Enable Edge)** ) ty(s) — 500 ns
11 . | Data Hold Time (Outputs) : :

Master (After Capture Edge) . ' tho(m) 0.25 - teye(m)

Slave (After Enable Edge) tho(s) 0 — ns

| 12 [Rise Time (20% Vpp to 70% Vpp, C|=200 pF) -

SPI Outputs (SCK, MOSI, and MISO) _ trm - 200 ns

SPI Inputs (SCK, MOSI, MISO, and SS) trs — 20 us
13 |Fall Time (70% Vpp to 20% Vpp, C| =200 pF)

SPI Outputs (SCK, MOSI, and MISO) _ tfm — 200 ns

SPl Inputs {SCK, MOSI, MISO, and SS) tfs — 20 us

*Signal production depends on software.
**Assumes 200 pF load on all SPi pins.

. ___________________________________________|
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(NPUT) S5 is Hold High on Master

SCK (CPOLs0) ~ SEE\
ouThUT) NOTE

SCK (CPOL=1 St ¥ ‘
(ouﬁmy ) NOIE/ m_,

\ S
—
~® ' ,
i wow (e o ——
G TN ) ~ QD

1
MASTER LSB OUT

MOSI MASTER MSB OUT K BITG----1
(OUTPUT) F -

—

<

NOTE: This first cock 00 is generated internally but is not seen af the SCK pin,
a) SPI MASTER TIMING (CPHA =0)

&

“gnpu'n ST is Held High on Master

SCK (CPOL=0)
(OUTPUT) . /

SCK (CPOL=1 ¥ ) ' SEE
(ourg'ur) ) \: 1‘ Si A \EQTE,E
' [+

. .-
wso | )
= - ® . | .
MOS! ) A - —H
ouTPUT) MASTER Ms8 OUT ’K BITS N 1 X MASTER L$8 OUT ..‘/L
: ® l n ) .

NOTE: This last clock edge is generated intemally but is not seen at the SCK pin.

b) SPI MASTER TIMING (CPHA = 1)

Figure 27. SPI Timing Diagrams (Sheet 1 of 2)
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55

(NPUT) _\ N :?
N -

SCK (CPOL=0 ‘

(|NPU(T) ) Jm—H . B

——@D— p——— -G
SCK (CPOL=1 |;: T
(INPU(T) ) \ ‘?
-~ | ™ Jo-

MiSO e 3 SEE

) SLAVE | | MsB ouT BTG 1 J[( SLAVE LB OUT e J—
A

-+t (D

- NES R @ -
MOSI ) ""‘

NOTE:  Not defined bul normally MSB of character just received.

¢) SP1 SLAVE TIMING (CPHA=0)

— ' —
5 \
(INPUT) N A
Al
. >
SCK (CPOL=0) R
(NPUT) S: } !\ )
t ‘ f—C—|
SCK (CPOL=1) Z:- } E I/ v X
(NPUT) St f
- -~ +® @ -
MISO SEE L. ‘K
wsoum —L NOTEX SLAVE | | MsBOUT R i =
~ 1

X
 ROARO, A D @

N €
Most & wsw ‘E_(sns---q >_( CLSBIN >____
(NPUT) p N

NOTE:  Not defined but normally LSB of character previously transmitted.

d) SPI SLAVE TIMING (CPHA=1)

Figure 27. SP{ Timing Diagrams (Sheet 2 of 2)
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9€6-€
V1VQ HOSSII0UdOHIIN VIOHOLON

VDDR
|
!

Vpp ‘ Vpp Threshold {1-2 V Typical)
! 1
oscres WX:/{/////////////7/////////////////////////////77/////////////,
Itoxov, 4064 toye | ‘
| !
: Il E<- 'cvc*{ .

internal
Address 1FFE 1FFF New PC 1FFE 1FFE 1FFE 1FFE 1FFF New
Bus* PC
Internal
Data Op Op
Bus* Code Code

|»1—- RL ——]
RESET
*nx /
*Internal timing signal and bus information not available externally.
**0SC1 line is not meant to represent frequency. It is only used to represent time.
***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence.

Figure 28. Power-On Reset and RESET
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MC68HC05C8

ORDERING INFORMATION

The following information is required when ordering a
custom MCU. The information may be transmitted to Mo-
torola in the following media:

MDOS®, disk file

MS®-DOS/PC-DOS disk file (360K)

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM
MC68HC805C4

To initiate a ROM pattern for the MCU, it is necessary
to first contact the local field service office, a sales person,
or a Motorola representative.

FLEXIBLE DISKS

A flexible disk (MS-DOS/PC-DOS disk file), pro-
grammed with the customer’s program (positive logic
sense for address and data), may be submitted for pattern
generation. The diskette should be clearly labeled with
the customer’s name, data, project or product name, and
the name of the file containing the pattern.

in addition to the program pattern, a file containing the
program source code listing can be included. This data
will be kept confidential and used to expedite the process
in case of any difficulty with the pattern file.

MS-DOS/PC-DOS Disk File

MS-DOS is Microsoft’s Disk Operating System. PC-DOS
is the IBM® Personal Computer (PC) Disk Operating Sys-
tem. Disk media submitted must be a standard density
(360K) double-sided 5 1/4 inch compatible floppy diskette.
The diskette must contain object file code in Motorola’s
S-record format. The S-record format is a character-based
object file format generated by M6805 cross assemblers
and linkers on IBM PC style machines. '

EPROMs

A 2764, 68764, or 68766 type EPROM, programmed
with the customer’s program (positive logic sense for
address and data), may be submitted for pattern gener-
ation. Since all program and data space-information will
fit on one 68766 EPROM device, the EPROM must be
programmed as described in the following paragraph.

Start the page zero, user ROM at EPROM address $0020
through $004F. Start the user ROM at EPROM address
$0100 through $1EFF with vectors from $1FF4 to $1FFF.
All unused bytes, including the user’s space, must be set
to zero.

To use a 2764 or 6874 EPROM or the EEPROM in an
MC68HC805C4, two are required. Start the page zero user
ROM data at EPROM or EEPROM address $0020 through
$004F in the first device. Start the user ROM data at ad-
dress $0100 through $10FF in the first device. The re-
mainder of the user ROM data should go from $0100
through $10FF in the second device, with vectors from

MDOS is a trademark of Motorola Inc.
MS is a trademark of Microsoft, Inc.

$0004 through $000F. The EPROM devices or EEPROM
MCU devices should be clearly marked to indicate which
device corresponds to which address space.

For shipment to Motorola, EPROMs should be placed
in a conductive IC carrier and packed securely. Styrofoam
is not acceptable for shipment.

XXX

$0020

xxx = Customer 1D

Verification Media

All original pattern media (EPROMs or floppy disks) are
filed for contractual purposes and are not returned. A
computer listing of the ROM code will be generated and
returned along with a listing verification form. The listing
should be thoroughly checked, and the verification form
should be completed, signed, and returned to Motorola.
The signed verification form constitutes the contractual
agreement for the creation of the customer mask. To aid
in the verification process, Motorola will program cus-
tomer supplied blank EPROM(s) or DOS disks from the
data file used to create the custom mask.

ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the customer’'s ROM pattern will
be sent for program verification. These units will have
been made using the custom mask, but are for the pur-
pose of ROM verification only. For expediency, the MCUs
are unmarked, packaged in ceramic, and tested with five
volts at room temperature. These RVUs are free with the
minimum order quantity, but are not production parts.
RVUs are not backed or guaranteed by Motorola Quality
Assurance.

ORDERING INFORMATION

The following table provides ordering information per-
taining to the package type, temperature, and MC order
numbers for the MC68HC05C8 device.

Package Type Temperature MC Order Number
Plastic 0°C to +70°C MC68HC05C8P
(P Suffix) —-40°C to +85°C | MC68HCO5C8CP
—40° to +105°C MC68HC05C8VP
—40°C to +125°C | MC68HCO5C8MP
PLCC 0°C to +70°C MC68HCO5C8FN
(FN Suffix) —40°C to +85°C | MC68HCO5C8CFN
—40°C to +105°C | MC68HCO5C8VFN
—40°C to +125°C | MC68HCO5C8MFN

IBM is a registered trademark of International Business Machines Corporation.
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PIN ASSIGNMENTS

40-PIN DUAL-IN-LINE PACKAGE - ‘

RESETO 1 40§ VbD

IRGQ 2 391 0sci

Ncll3 38f1 0sc2

PA7D 4 37 g TCAP
pacl} & 3] PO7

PA5 I 6 35{] TCMP
PA4L] 7 34[] PD5/SS
PA3 L 8 3301 PDa/sCK
pa2ll 9 321 PD3/MOS!I
PA1 31 PD2/MISO
PAQ 301 PD1/TDO
PBO 29[ PDO/RDI
PB1 28{1 Pco

PB2 27 pPCt

PB3 261 PC2

PB4 25[PC3

PBS 24 {1PC4 X
'PB6 23[IPCs

PB7 223 PCe

Vss 21 hPC?

44-LEAD PLCC PACKAGE

©~ E a5 g %
S3gglEeg8eg
6 40
- PAS(]7 : 1 391 PD7
PA4Q 0 Temp
PA3(] . ) PD5/SS
. pA2( N PD4/SCK
~palQ * DPD3/MOSI
paof12 " 34[1PD2/MISO
Peo (] N PD1/TDO
PB1.g [ PPO/RDI
pe2( ' N PLO
PB3[] PC1
read17 290 PC2
18 23 28
CPER A0S BBS0
ZEERS2DBECE

NOTE: Bulk substrate tied to Vgg.
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