






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MC68HC05C3 

an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide forthe 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 SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is 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 SCI is shown in Figure 13. The 
user has option bits in the serial communications control 
register 1 (SCCR1) to determine the SCI 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 registe'r 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 clc;>ck. 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 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 

I SCD7 I SCD6 SCD5 SCD4 SCD3 SCD2 SCD1 SCDO 

RESET: 
U u u u u u u u 

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. 
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Internal 
Processor 

Clock 

NOTE: The Serial Communications Data Register (SCDAT) is controlled by the internal R/W signal. It is the transmit data register whe.n 
written and receive data register when read . 

. Figure 13 .. SCI Block Diagram 
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Serial Communications Control Register 1 (SCCR1) $OE 

The SCCRl provides control·bitsthat determine word 
length and select the wake-up method. 

3 ·1 

I R8 T8 M I WAKE I 
RESET: 

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 ninth bit in the 
transmit data byte (if M = 1). 

M ~ SCI Character Word Length 
1 = one start bit, nine data bits, one stbp 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 allows the next data 
byte received to cause the receive data reg-
ister to fill and produce an RDRF flag. 

1 0 Detection of a received one in the eighth 
data bit allows an RDRF flag and ~ssociated 
error flags. 

1 1 Detection of a received one in the ninth data 
bit allows an RDRF flag and associated error 
flags. 

Serial CommunicationsContr,ol 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. 

TIE 

RESET: 
o 

TCIE RIE ILiE TE 

TIE - Transmit Interrupt Enable 
1 = SCI interrupt enabled 
0. = TORE interrupt disabled 

RE RWU 

TCIE - Trap~mit Complete Interrupt Enable 
1 = SCI interrupt enabled 
0. = TC interrupt disabled 

SBK 

RIE - Receive Interrupt Enable 
1 = SCI interrupt enabled 
0. = RORF and OR interrupts disabled 

ILlE- Idle Line Interrupt Enaple 
1 = SCI interrupt enabled 
0. = Idle interrupt di.sabled 

TE - Transmit Enable .1 

1 = Transmit shift register output isappHed to the TOO. 
line. Depending upon the SCCR1 M bit, a pream­
ble 0110. (M =0.) or 11 (M = 1) consecutive ones is 
transmitted. 

0. = Transmitter disabled after last byte· is loaded in 
the SCOAT and TORE is set. After last byte is 
transmitted, TOO. line becomes a high-impedance 
line. 

RE - Receive Enable 
1 = Receiver shift register input is applied to the ROI 

line. 
a = Receiver disabled and RORF, 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 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 vali,d start bit. 

o.=Transmitter sends 10. (M=o.) 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 
secondisqueued 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. 

7 

I TORE I TC RDRF IDLE OR NF FE 

RESET: 

TORE - Transmit Data Register (TOR) Empty 
1 = TOR contents transferredto the transmit data shift 

register 
a = TOR still contains data. TORE is cleared by reading 

the SCSR (with TORE = 1), followed by a write to 
the TOR. 

TC - Transmit ~omplete 
1 = Indicates end of data frame, preamble, or break 

condition has o.ccurred 
0. = TC .bit cleared by reading theSCSR (with TC =1 L 

followed by a write to. the TOR 
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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 RDlline 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. 

O=OR is cleared by reading the SCSR (with OR=1), 
followed by a read of the RDA. 

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. 

O=NF is cleared. by reading 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 RDA. 

Bit 0 - Not used 
Can read either one or zero 

Baud Rate Register $00 

The baud tate register is used to select the SCI trans­
mitter and receiver baud rate. SCPO and SCPT 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. 

I - I SCPl SCPO 

RESET: 

SCPO - SCI Prescaler Bit 0 
SCP1 - SCI Prescaler Bit 1 

SCR2 SCRI SCRO 

u u 

Two prescaler bits are used to, inc~ease 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 - 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 3. 

Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The a.ctual divider 
chain is controlled by the combined SCPO-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 (SCRO-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 43.69.1 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 tran~mit 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 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 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 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 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 capability 

SIGNAL DESCRIPTION 

The four basic signals (MOSI, MISO, SCK, and SS) are 
described in the foll9win9 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 

MISO 
MOSI 

SCK 

55 I---Voo 
"--

M6805 HCMOS 
Master 

r---
P (I, 

0 1 
R 2 
T 3 t--

r 

I 
II 

It I I 1 

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. 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 

M6805 HCMOS Slave 0 

MISO SC~ I 
MOSI SS 

I MOSI SS I MOSI SS MOSI SS 
MISO SCK MISO SCK MISO SCK 

M680S' HCMOS Slave 3 M680S HCMOS Slave 2 M680S HCMOS Slave 1 

Figure 14. Master-Slave System Configuration 
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SCK (CPOL = 0) 

SCK (CPOL = 1) 

Sample Input 
Data out (CPHA=l) 

Sample Input 
Data out (CHPA = 0) 

Figure 1.5. 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 SSline could be tied to 
VSS as long as CPHA= 1 clock modes are used. 

FUNCTIONAL DESCRIPTION 

Ablock 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 
viatheMOSI pin to the slave devices. During a read cyclei 

data is applied serially from a slave device viathe 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. 

55 (PD5) 

'Internal 
Processor 

Clock 

SCK (PD4) 

SPCR 
SOA L--_.,..-_ ..... 

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 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 (SPCRl, serial peripheral 
status register (SPSR), and serial peripheral data 1/0 reg­
ister (SPDR), are described in the following paragraphs. 

MISO (PD2) 

Read 

Internal 
Data 
Bus 

Figure 16. SPI Block Diagram 
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I 
I MISO MISOI 

a-Bit Shift Register 

I 

I MOSI MOSI
I 

I 
I 
I 
I SCK SCKI 

I I 
ISS SSI 
I +5V o V ----,---, 

Figure 17. SPI Master-Slave Interconnections 

Serial Peripheral Control Register $OA 

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. 
76543210 

i SPIE I SPE I MSTR I CPOl I CPHA I SPRl SPRO 

RESET: 
a 

SPIE - Serial Peripheral Interrupt Enable 
1 = SPI interrupt enabled 
0= SPI 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 

u u 

Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 

1 = SCK line idles high 
O=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.QOl selects one of two clocking protocols. 

1 = SS 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, SPRl - 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 

SPR1 SPRO Internal Processor 
Clock Divided By 

0 0 2 
0 1 4 
1 0 16 
1 1 32 

Serial Peripheral Status Register SOB 

The SPSR contains three status bits. 
6 5 4 3 2 

SPIF I WCOl I I MODF I 
RESET: 

a 
SPIF - Serial Peripheral Data Transfer Flag 

1 = Indicates data transfer completed between pro­
cessor and external device. 
(If SPIF = 1 and SPIE = 1, SPI 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 

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 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 1/0 Register SOC 

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

7 6 5 2. 

I SPD7 I SPD6 SPD5 SPD4 SPD3 SPD2 SPDl SPDO 

RESET: 
U U UU 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. 
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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. 

Operation 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 

Formls) Addressing I 
Mode Cycles I Bytes I Opcode 

Inherent 11 1 $42 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op­
erand is either the accumulator orthe 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. 

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 ILogical Compare) BIT 

Jump Unconditi'onal 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. 

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 

MUltiply MUL 

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 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 
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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 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 reg ister 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. 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n=O ... 7) 

Branch if Bit n is Clear BRCLR n (n =0 ... 7) 

Set Bit n BSET n (n=O ... 7) 

Clear Bit n BCLR n (n=O ... 7) 

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. 
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• Table 5. Opcode Map 
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3 3 6 5 2 4 
STA 5 STA ~ STA ' 

4 
ASRA ASRX 2 ASR ASR TAX STA STA 7 

1 'NH 1 'NH 'Xl 1 'X , ,NH 2 D,A 3 EXT 3 'X2 2 'Xl 1 ,X 0111 
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3 
TSTX 
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EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with e~tended addressing 
mode are capable of referencing arguments anywhere in 
memory withasingle three-byte instruction. When using 
the Motorola assembier, 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 mo.de ,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 I/O location. 

INDEXED, S-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef­
fective address is the sum of the contents oft,he unsigned 
8-bit index register and the unsig'ned 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 woulq typically be in X with the address of 
the beginning, of the table i,n the instruction. As such, 
tables may begin anywhere within the first 256 address­
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 1.6·8IT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef­
fective address is the sum ofthe contentsofthe 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 forr;n 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 
110, 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 

3-843 

I 



MC68HC05C3 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value 

$upply Voltage VDD -0.3 to + 7.0 

Input Voltage Vin VSS -0.3 to 
VDD +0.3 

Self-Check Mode (IRQ Pin Only) Vin VSS-0.3 to 
2xVDD+0.3 

Current Drain Per Pin Excluding I 25 
VDD and VSS 

Operating Temperature Range TA TL to TH 
MC68HC05C3P, FN Oto + 70 
MC68HC05C3CP, CFN -40 to +85 
MC68HC05C3VP, VFN . -40 to + 105 
MC68HC05C3MP, MFN -40 to + 125 

Storage Temperature Range Tstg -65to + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance tlJA 
Plastic 60 
Plastic Leaded Chip Carrier (PLCC) 7Q 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ' in °c can 
be obtained from: 

where: 
TA 
6JA 

PD 
PINT 
PliO 

TJ =TA + (PD· IlJA) (1) 

= Ambient Temperature, °c 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+PIIO 
= ICCxVCC' Watts - Chip Internal Power 
= Power Dissipation on Input and Output 

Pins - User Determined 

VOO=4.5 V 

Pins R1 R2 C 

PAQ-PA7, 3.26 kfl 2.38 kfl 50 pF 
PBO-PB7, 
PCO-PC7, 
PD1-PD4 

PDQ, PD5, PD7 1.9 kfl 2.26 kfl 200 pF 

VOO=3.0 V 

Pins R1 R2 C 

PAQ-PA7, 10.91 kfl 50 pF 
PBQ-PB7, 6.32 kfl 
PCQ-PC7, 
PD1-PD4 

PDQ, PD5, PD7 6 kfl 6 kfl 200 pF 

Unit 

V 

V 

V 

mA 

'C 

C 

Unit 

'CW 

This device contains circuitry to protect the in­
puts against damage due to high static voltages 
or electric fields; however, it 'is advised that nor­
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper­
ation, it is recommended that Vin and Vout be 
constrained to the range VSS "" (Vin or Vout) -
VDD. Reliability of operation is enhanced if un­
used inputs are connected to an appropriate logic 
voltage level (e.g., either VSS or VDD). 

For most applications PI10<PINT and can be neglected. 
The following is an approximate relationship between 

Po and TJ (if PliO is neglected): 
PD= K -;- (T J + 273"C) (2) 

Solving equatio~s (1) and (2) for K gives: 
K = PO· (T A +273°C) + fJJA"P0 2 (3) 

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

Voo 

Test 
Point o----~._-~ 

C 
ISee 

Table) 

R2 
ISee Tablel 

Rl 
(See Tablel 

Figure 18. Equivalent Test Load 
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DC ELECTRICAL CHARACTERISTICS 
(VOO = 5.0 Vdc ± 10%, VSS =0 Vdc, TA = TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad'-S10.0 flA VOL - - 0.1 V 

VOH VOO-O.l - -

Output High Voltage VOH V 
(lLoad = 0.8 mAl PAD-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) VOO-O.8 - -
(lLoad = 1.6 mAl P01-P04 (see Figure 20) VOO-0.8 - - . 

Outr>ut Low Voltage (see Figure 21) VOL - - 0.4 V 
(ILoad=1.6 mAl PAD-PA7, PBO-PB7, PCO-PC7, P01-P04, TCMP 

Input High Voltage VIH 0.7 xVOO - VOO V 
PAD-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSCl 

Input Low Voltage - VIL VSS - 0.2 xVOO V 
PAD-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSCl 

Oata Retention Mode (0° to 70uC) VRM 2.0 - - V 

Supply Current (see Notes) 100 
Run (see Figures 22 and 23) - 3.5 7.0 mA 
Wait (see Figures 22 and 23) - 1.6 4.0 mA 
Stop (see Figure 23) 

25"C - 2.0 50 riA 
o to 70uC (Standard) - - 140 fl-A 
'- 40" to + 85°C - - 180 fl-A 
- 40" to + 125°C - - 250 fl-A 

I 0 Ports Hi-Z Leakage Current IlL - - ±10 fl-A 
PAD-PA7, PBO-PB7, PCO-PC7, P01-P04 

In~Current lin - - ±1 fl-A 
RESE~IRQ,TCA~OSC1, PO~PO~ P07 

Capacitance pF 
Ports (a~ut or Output) Cout - - 12 
RESET, IRQ, TCAP, POO-P05, P07 Cin - - 8 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait 100: Only timer system active (SPE == TE = RE = 0). If SPI, SCI active (SPE =' TE = RE = 1) addl 0% current draw. 
4. Run (Operating) 100, Wait 100: Measured using external square wave clock source (fosc =4.2MHz), all inputs 0.2 V from rail; 

no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 
5. Wait, Stop 100: All ports configured as inputs, VIL = 0.2 V, VIH '= VOO - 0.2 V. 
6. Stop 100 measured with OSCl = VSS. 
7. Standard temperature range is 0° to 70°C. Extended temperature versions and a 25°C only version are available, 
8. Wait 100 is affected linearly by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS 
(VOO = 3.3 Vdc ± 0.3 Vdc, VSS = 0 Vdc, T A = TL to TH, unless otherwise noted) 

\ Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad""lO.O I1A VOL - - 0.1 V 
.. VOH VOD - 0.1 - -

Output High Voltage VOH V 
(lLoad= 0.2 mAl PAD-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) VOO-0.3 - -
(lLoad = 0.4 mAl P01-P04 (see Figure 20) VOD-0.3 - -

Output Low Voltage (see Figure 21) VOL - -- 0.3 V 
(ILoad = 0.4 mAl PAD-PA7, PBO-PB7, PCO-PC7, P01-P04, TCMP 

Input High Voltage VIH 0.7 x VOO - VOO V 
PAD-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET, OSCl 

Input Low Voltage VIL VSS - 0.2 x VOO V 
PAD-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET, OSCl 

Data Retention Mode (0° to 70°C) VRM 2.0 - - V 

Supply Current (see Notes) 100 
Run (see Figures 22 and 24) - 1.0 2.5 mA 
Wait (see Figures 22 and 24) - 0.5 1.4 mA 
Stop (see Figure 24) 

25°C - 1.0 30 I1A 
0° to 70°C (Standard) - - 80 I1A 
- 40° to + 85°C - - 120 I1A 
- 40° to + 125°C - - 175 I1A 

1/0 Ports Hi-Z Leakage Current IlL - - :2:10 I1A 
PAD-PA7, PBO-PB7, PCO-PC7, P01-P04 

Input Current lin - - :2:1 I1A 
RESET, IRQ, TCAP, OSC1, POO, P05, P07 

Capacitance pF 
Ports (a §...!!!putor Output) Cout - - 12, 
RESET, IRQ, TCAP, POO-P05, P07 Cin - - 8 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait 100: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 
4. Run (Operating) 100, Wait 100: 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, CL = 20 pF on OSC2. 
5. Wait, Stop 100: All ports configured as inputs, VIL = 0 . .2 V, VIH = VOO - 0.2 V. 
6. Stop 100 measured with OSCl = VSS. 
7. Standard temperature range is 0°, to 70°C. Extended temperature versions and a 25°C"only version are available. 
8. Wait 100 is affected linearly by the OSC2 capacitance. 
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Figure 19. Typic~1 VOH vs IOH for Ports A, B, C, and TCMP 
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Figure 24. Maximum 100 vs Frequency for VOO = 3.3 Vdc 
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MC68HC05C3 

CONTROL TIMING 
(VDD=5.0 Vdc± 10%, VSS=O Vdc, TA=TL to TH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option - 4.2 
External Clock Option dc 4.2 

Internal Operating Frequency fop MHz 
Crystal (fosc c-2) - 2.1 
External Clock (fosc c- 2) dc 2.1 

Cycle Time (see Figure 28) tcyc 480 - ns 

Crystal Oscillator Startup Time (see Figure 28) tOXOV - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) tlLCH - 100 ms 

RESET Pulse Width (see Figure 28) tRL 1.5 - tcyc 

Timer 
Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 26) tTH, tTL 125 - ns 
Input Capture Pulse Period (see Figure 26) tTLTL *** - tcyc 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tlLlH 125 - ns 

Interrupt Pulse Period (see Figure 8) tlLlL * - tcyc 

OSC1 Pulse Width tOH, tOL 90 - ns 

*The minimum period tlLlL should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 tcyc. 

**Since a 2-bit prescaler in the timer must count four internal cycles (tcyel, this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period tTLTL should not be leI's. than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc. 

0SC11 ~ZZZZZZZZZZZ ~ ZZZZZZZZZZL 
tRL 

IR02 

IR03 

Internal 
Clock 

..... ---- tlLCH ------+11+-- 4064'tCYC 

Internal 

Add~~: YXX"/XYXX 
NOTES 

1. Represents the internal gating of the OSC1 pin 
2 IRQ pin edge-sensitive mask option. 
3 IRQ 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 
(VOO=3.3 Vdc±0.3 Vdc, VSS=O Vdc, TA=TL to TH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option - 2.0 
External Clock Option de 2.0 

Internal Operating Frequency fop MHz 
Crystal (fosc -7- 2) - 1.0 
External Clock (fosc -7- 2) dc 1.0 

Cycle Time (see Figure 28) teyc 1000 - ns 

Crystal Oscillator Startup Time (see Figure 28) toxOV - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) tlLCH - 100 _~ ms 

RESET Pulse Width - Excluding Power-Up (see Figure 28) tRL 1.5 - tCYC 
.' 

Timer 
Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 26) tTH, tTL 250 - ns 
Input Capture Pulse Period (see Figure 26) tTLTL *** - tcvc 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tlLlH 250 - ns 

Interrupt Pulse Period (see Figure 8) tlLlL * - tcvc 

OSC1 Pulse Width tOH, tOL 200 - ns 

*The minimum period tlLlL should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 tcyc. ' -

**Since a 2-bit prescaler in the timer must count four internal cycles (tcycl. this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period tTLTL should not be less tran the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc. 

External 
Signal 
(TeAP 
Pin 371 

Figure 26. Timer Relationships 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(VDD=5.0 Vdc± 10%, VSS=O Vdc, TA=lL to TH) (see Figure 27) 

Num. Characteristic 

Operating Frequency 
Master 
Slave 

1 ,: Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time, 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave , 

8 Access Time (Time to Data Active from High-Impedance State) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 

11 Data Hold TimE! (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% VDD to 70% VDD, CL = 200 pF) 
SPI Outputs (SCK, MOS!, and MISO.L 
SPI Inputs (SCK, MOSI, MISO, and SS) 

13 Fall Time (70% VDD to 20% VDD, CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO.L 
SPI Inputs (SCK, MOSI, MISO, and SS) 

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

Symbol 

fop(m) 
fo-.ills) 

tcyc(m) 
tcyc(s) 

tlead(m) 
tlead(s) 

tla~(m) 
tlag(s) 

tw(SCKH)m 
tw(SCKH)s 

tw(SCKL)m 
tw(SCKL)s 

tsu(m) 
tsu(s) 

th(m) 
th(s) 

ta 

tdis 

tv(m) 
tv(s) 

tho(m) 
tho(s) 

trm 
trs 

tfm 
tfs 

MOTOROLA MICROPROCESSORIDATA 
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Min Max Unit 

de 0.5 fop 
dc 2.1 MHz 

2.0 - tcyc 
480 - ,ns 

* - ns 
240 - ns 

* - ns 
240 - ns 

340 - ns 
190 - ns, 

340 - ns 
190 -- ns 

100 - ns 
100 - ns 

100 - ns 
100 - ns 

0 120 ns 

- 240 ns 

0.25 - teyc(m) 
- 240 ns 

0,25 - teye(m) 
0 - ns 

- 100 ns 
- 2,0 flS 

- 100 ns 
- 2,0 fls 



MC68HC05C3 

SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(VDD=3.3 Vdc±0.3 Vdc, VSS=O Vdc, TA=TL to TH) (see Figure 27) 

Num. Characteristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time ,! • 

Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to Data Active from High-Impedance State), 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% VDD to 70% VDD,CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO.L 
SPI Inputs (SCK, MOS!, MISO, and SS) 

13 Fall Time (70% VDD to 20% VDD, CL = 200 pF) 
SPI Outputs (SCK, MOS!, and MISo,L 
SPI Inputs (SCK, MOSI, MISO, and S8) 

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

Symbol 

fop(m) 
foo(s) 

tcyc(m) 
tcyc(s) 

tlead(m) 
tlead(s) 

tlag(m) 
tlag(s) 

tw(SCKH)m 
tw(SCKH)s 

tw(SCKL)m 
., ,tw(SCKL)s 

"tsu(m) 
tsu(s) 

th(m) 
th(s) 

ta 

,;tdis 

tv(m) 
tv(s) 

tho(m) 
tho(s) 

trm 
trs 

tfm 
tfs 
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Min Max Unit 

dc 0.5 fop 
dc 1.0 MHz 

2.0 - tcyc 
1.0 

" - flS 

* - ns 
500 - ns 

* - ns 
500 - -'- ns 

720 - flS 
400 - ns 

. 720 - flS 
400 - " ns 

200 - ns 
200 - ns II 
200 - ns 
200 - ns 

0 250 ns 

- 500 ns 

0.25 - tcyc(m) 
- 500 ns 

0.25 - tcyc(m) 
0 - ns 

200 ns 
- 2.0 fls 

- 200 ns 
- 2,0 , fls 



I 

B 
(INPUT) 

U is Held High on Mastl!' 

MC68HC05C3 

• 

SCK (CPOl.O) 
(OOTPUT) --~~f----'I 

SCK (CPOl.1) 
(OUTPUT) 

MISO 
(INPUT) 

MOSI 
(OUTPUT) 

NOTE: This first clock Idgt is generaled iritl!'nallybut is riot seen altha SCK pin. 

al· SPI MASTER TIMING (CPHA = 0) 

B 
(INPUT) U is Held ~igh on Master • 

SCK (CPOl.O) 
(OUTPUT) ___ --' 

SCK (CPOl.1) 
(OUTPUT) 

MISO 
(INPUT) 

MOSI 
(OUTPUT) 

NOTE: This last clock edge Is generaled internally but is not seen althe SCK pin. 

b) SPI MASTER TIMING (CPHA=1) 

Figure 27. SPI Timing Diagrams (Sheet 1 of 2) 
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55 
(INPUT) 

SCK (CPOL.1) 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

MC68HC05C3 

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

ss 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

c) SPI SLAVE TIMING (CPHA=O) 

NOTE: Not defined but normally LSB of character previously transm~ted. 

d) SPI SLAVE TIMING (CPHA = 1) 

Figure 27. SPI Timing Diagrams (Sheet 2 of 2) 
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Internal 
Processor 
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Internal 
Address 

Bus* 

Internal 
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Bus* 

RESET r- tRL ---1 
* Internal timing signal and bus information not available externally 

1 *** -J! 
* *OSC1 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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MC68HC05C3 

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@J-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 51/4 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 $OBFF with 
vectors from $1 FF4 to $1 FFF. 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. 

$0020 

xxx = Customer ID 

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 Me Order Number 

Plastic O°C to + 70°C MC68HC05C3P 
(P Suffix) - 40°C to + 85°C MC68HC05C3CP 

- 40°C to + 105°C MC68HC05C3VP 
- 40°C to + 125°C MC68HC05C3MP 

PLCC O°C to + 70°C MC68HC05C3FN 
(FN Suffix) - 40°C to + 85°C MC68HC05C3CFN 

- 40°C to + 105°C MC68HC05C3VFN 
- 40°C to + 125°C MC68HC05C3MFN 

IBM is a registered trademark of International Business Machines Corporation. 
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MC68HC05C3 

PIN ASSIGNMENTS 

40-PIN DUAl-IN-LiNE PACKAGE 

VDD 

OSCl 

OSC2 

TCAP 

PD7 

PA5 TCMP 

PA4 PD5/SS 

PD4/SCK 

PD3/MOSI 

PAl PD2/MISO 

PD1ITDO 

PBO PDO/RDI 

PBl PCO 

PB2 PCl 

PB3 PC2 

PB4 PC3 

PB5 PC4 

PB6 PC5 

PB7 PC6 

VSS 

44-lEAD PlCC PACKAGE 

I~ -N Q. cor-- en ouu« 
« « U U I~ w 0 en en U U 
Q.Q.zz_a::>oo~.z 

PD7 

PA4 TCMP 

PA3 PD5/SS 

PA2 PD4/SCK 

PAl PD3/MOSI 

PAO PD2/MISO 

PBO PD1/TOO 

PBl pnOf.RDI 

PB2 PLO 

PB3 PCl 

PB4 PC2 

ULOCOr-- enur--COLO<j"M 
z~~~~z~~~~~ 

NOTE: Bulk substrate tied to VSS. 
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MOTOROLA 
I SEMICONDUCTOR 

TECHNICAL DATA 
MC68HC05C4 

Technical Summary 
8-Bit Microcontroller Unit 

The MC68HC05C4 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 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/O 
• 176 Bytes of On-Chip RAM 
• 4156 Bytes of User ROM 
• 24 Bidirectional I/O Lines and 7 Input-Only Lines 
• Serial Communications Interface (SCI) System 
• Sqrial Peripheral Interface (SPI) System 

• Self-Che.;k Mode 
• Power-Saving STOP, WAIT, and Data Retention 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 OSCl OSC2 

t Internal t j I I 

'core,w, I . ~' ""'~ 

Port 
A 

1/0 
Lines 

Port 
B 

1/0 
Lines 

TCAP 

PAO 
PAl 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PBO 
PBl 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 

Timer 
System 

Port Data 
A Dir '-< 

Reg Reg 

Port Data 
B Dir --4 

Reg Reg 

Clock OSCillator Processor 

I ~~ Clock 

i , 
Accumulator 

CPU 
Index Control 

Register 

Condition 
Code 

Register 
CPU 

Stack 
Pointer 

Program 
Counter 

High ALU 
Program 
Counter 

Low 

1 
1 I 

4156·8 

I 
176x8 

I ROM Static 
RAM 

240 x 8 
Self-Check 

ROM 

-

--
~ 

RESET 

IRQ 

PCO 
PCl 
PC2 

Data Port PC3 
Dir C PC4 
Reg Reg PC5 

PC6 
PC7 

Port D 
PD7 

RDI (PDOI 
SCI TDO{PD1) 

MISO (PD2) 
MOSI (PD3) 

SPI SCK (PD4) 

If SS (PD5) 
Baud Rate 
Generator 

Int!rnal 
Processor 

Clock 

Port 
C 

1/0 
Lines 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC68HC05C4 

SIGNAL DESCRIPTION 

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

VDD AND VSS 

Power is supplied to the microcontroller using these 
two pins. VDD 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. 

OSC1,OSC2 

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 

2 MHz 4MHz Units 

RSMAX 400 75 {I 

Co 5 7 pF 

Cl 0.000 0.012 I'F 

COSCl 15-40 15-30 pF 

COSC2 15-30 15-25 pF 

Rp 10 10 M{I 

a 3U 4( 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 
Rand fosc is shown in Figure 2. 

Crvstal 

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 VDD 
specifications. 

Ceramic Resonator 

2-4 MHz Units 

RS liypicail 10 0 

Ca 40 pF 

C, 4.3 pF 

Casc, 30 pF 

CasC2 30 pF 

Rp '-10 MO 

Q '250 -

(a) Crystal/Ceramic Resonator Parameters 

MCU 

OSCl OSC2 

39 Rp 38 

0 
COSC11; "J" COSC2 

(b) Crystal/Ceramic Resonator 
Oscillator Connections 

R 

(d) RC Oscillator Connections 

Figure 1. Oscillator Connections 

~
SC2 L. Cyl RS OSC1. 

38 39 

Co 

-38--------~ID~1 _______ 3_9 

(c) Equivalent Crystal Circuit 

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

MOTOROLA MICROPROCESSOR . DATA 

3-860 



MC68HC05C4 

0 
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:J: 

~ 1 ....... """ 
g 
::l .0.5 

f 0.2 

§ o. 
=a 

1 

Cl 0.05 

0.02 

0.0 1 
1 

~ 

I'" 

10 20 50 100 200 500 1000 

Resistance (kOl 

Figure 2. Typical Frequency vs 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 
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, PBO·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 (PDO·PD5, PD7) 

These seven lines comprise port 0, a fixed input port. 
All special functions that are enabled (SPI, SCI) 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 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 outputregisters 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 I/O pin functions. 

Table 1. I/O Pin Functions 

.' RIW* DDR 1/0 Pin Functions 

0 0 The 110 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 1/0 pin. 

1 0 The state of the lID pin is read. 

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

*RNV is an internal signal: 
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MC68HC05C4 

Internal 
MCU 

Connections 

I/O 
Pin 

Figure 3. Typical Port 1/0 Circ,uit 

FIXED INPUT PORT PROGRAMMING 

Port D is a fixed input port (PDO-PDS, PD7) that monitors 
the external pins whEmever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disab'led; For example, 
with the SCI enabled, PD~ 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 110 ports should be tied to 
an appropriate logic level (e.g., either VDD or VSS). , 

SERIAL PORT (SCI AND SPI) PROGRAMMING 

The SCI and SPI use the port P pins for their functions. 
The SCI requires two pins (PDO-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 datainputloutput (MISO)' serial dataout.2!!tl 
input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. 

MEMORY 

The MCU is capable of addressing 8192 bytes ofmem­
ory and 110 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 $1 FF4 to $1 FFF. 

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 ca're 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-bit register used 
to hold operands and results of. arithmetic calculations 
or data manipulations. 

7 

A 

INDEX REGISTER(}() 

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. 

x 

PROGRAM COUNTER (PC) 

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

12 

PC 

STACK POINTER (SP) 

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

When accel)sing memory, the seven most significant 
bits are permanently s.et to 0000011. These seven bits are 
appended to the six least significant regist,er. bits to pro­
duce an address within the range of $OOFF to $OOCO. 
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$0000 

$OOlF 
$0020 

$OO4F 
$0050 

$OOBF 
$OOCO 

SOOFF 
$0100 

$10FF 
$1100 

$lEFF 
$1FOO 

$lFDF 
$lFEO 

$1FEF 
$1FFO 

$1FF3 
$1 FF4 

$1FFF 

1/0 
32 Bytes 

" User 
ROM 

48 Bytes 

RAM 
-176 Bytes 

~--t---Stack 
64 Bytes 

User 
ROM 

4096 Bytes 

Unused 
3584 Bytes 

Self Check 

t------
Self-Check 

Vectors 

Unused 
4 Bytes 

User 
Vectors 
12 Bytes 

0000 

0031 
0032 

\ 
\ 

0079 
0080 

\ 

\ 

0 191 
192 0 

0 255 
256 0 

4 
4 

351 
352 

7 935 
936 7 

8 
8 

8 
8 

175 
176 

179 
180 

8 191 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 

256 Bytes 

Ports 
7 Bytes 

Unused 
3' Bytes 

Se;ial Peripheral 
Interface 
3 Bytes 

Serial 
Communications 

Interface 
5 Bytes 

T(mer 
,10 Bytes 

Unused 
4 Bytes 

0000 

0031 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

Port A Data Register $00 

Port B Data Register $01 

Port C Data Register $02 

Port 0 Fixed Input Register $03 

Port A Data Direction Register $04 

Port B Data Direction Register $05 

Port C Data Direction Register $06 

Unused $07 

Unused $00 

Unused $09 

Serial Peripheral Control Register $OA 

Serial Peripheral Status Register SOB 

Serial Peripheral Data 1/0 Register SOC 

Serial Communications Baud Rate Register $00 

Serial Communication,s Control Register 1 $OE 

Sllrial Communications Contrql Register 2 $OF 

Serial Communications Status Register $10 

Serial Communications DiitaRegister $11 

Timer Control Register $12 

Timer Status Register $13 

Input Capture High Register $14 

input Capture Low Register $15 

Output <;:omp~re High Register $16 

Output Compare Low Register $17 

Counter High Register $18 

Counter Low Register $19 

Alternate Counter High Register $lA 

Alternate Counter Low Register $lB 

Unused $lC 

Unused $10 

Unused $lE 

Unused SlF 

Figure 4. Memory Map 

Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locatidns are exceeded; the stack pointer 
wraps around and lo~es the previously stored informa­
tion. A subroutine call bccupies two locations on the stack; 
an interrupt usesfive!locations. 

12 7 ,,0 

SP 

CONDITION CODE REGISTER (eCR) 

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. 

GGR 

H 

Half Carry (H) 

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

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the intern,lpt is latched and processed as soon as the 
interrupt bit is cleare'd. . 

Negative (N) 

When set, this bit indicates, that the result of the last 
arithrr\etic, Io'gical, or data manipulation was negative 
(bit T in the result is a logic one). 

Zero (Z) 

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 PCO-PC3 
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 registerand checks OCF flag 
Interrupts - Tests external, timer, SCI and SPI in-

terrupts 

47~ rna 
10k 2N3904 

+:5V 
-1. NC 

; 

10 k ':' 
" 

37 
rCAP 

MCU 

~ PA7 

r--~ PA6 
6 

PA5 
7 

RESET 

VDD 

OSCl 

OSC2 

PD7 

TCMP 

SCI -Transmission test; checks RORF, TORE, TC, 
and FE flags 

SPI - Transmission test; checks SPIF, WCOl, and 
MOOF flags 

Self-check results (using the LEOs 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 $1 FOE. The output 
compare register is first set to the current timer state. 
/3ecause 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=O. 

RESET 

11'9 1 

10 k 

40 
+5V 

39 I~F r I ',:, 

10M o 4MHz 

I I~F 38 

36 
(See Note) 1 ':' 

~ 
+5V 

~ 4.7 K 
PA4 

PD5/SS 
34 

.....J! 1M PA3 33 

~ 
PD4/SCK -* 10 k PA2 32 

10 PD3/MOSI 
PAl 31 ' 

11 PD2/MISO 

I PAO 30 
" PD1/TDO 

29 
PDO/RDI 

~ 12 28 
PBO PCO .... 

~ 27 
r-- PBl PCl 

10k 14 PC2 26 
,-, 

PB2 -15 25 
-~ PB;3 PC3 

~ PB4 PC4 ~ 
L........-.lZ PB5 PC5 

23 

18 '. 22 
PB6 PC6 

19 PC7 
21 

PBl 
VSS ,~, 

J..20 

NOTE: The RC Oscillator Option may also be used 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 I/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. 

o indicates LED is on; 1 indicates LED is oft 

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 $1 F93 with RAM 
location $0053 equal to $01 and A = O. 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=O. Ifthe test passed, A=O;' 

RESETS 

The MCU can be reset !\Noways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger 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 voltage. 
There is a 4064 internal processor clock cycl~) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 40~, the MCU will remain in the 
reset condition until RESET goes high. 

EXTERNAL RESET IN~UT 
The MCU is reset when a logic zero is applied to the 

RESET input for a ,period of one and one-half machine 
cycles (tcycl; 

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 
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~nterrupt whenever they are set and enabled. The 
interrupt flClg's are in the timer status register (TSR), and 
theenable' bits are in the timer control register (TCR). 
Refer to TIMER for more information. 

Increasing Memory 1 ~ 
1 1 1 11 1 Condition Code Register 

o Stack 
I 

~ r Addresses U 
R 
N 

Unstack 

01 0101 

Accumulator 

Index Register 

PCH 

PCL 
P 
T 

Decreasing Memory 
Addresses 

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. 

Figure 6. Interrupt Stacking Order 
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Load PC from: 
SWI :$1 FFC-$l FFD 
IRQ: $1 FFA-$l FFB 

Timer: $1 FFS-$l FF9 
SCI: $1 FFS-$l FF7 
SPI: $1 FF4'$1 FF5 

Complete 
Interrupt 
Routine 

and Execute 
RTI 

Figure 7. Reset and Interrupt Processing Flowchart 
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EXTERNAL INTERRUPT 
If the interrupt 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 ~­
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical tothe 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 $1 FFA and $1 FFB. 

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 

Mask Option 

VOO r----..., 

serviced. The minimum time between pulses is a function 
of the length of the, interrupt service. Once a pulse occurs, 
th,e next pulse should not occur until an RTI occurs. This 
time (tIUU is obtained by adding 21 instruction cycles to 
the total number of cycles ittakes 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 latchis 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 I bit is cleared. 

D Ol----~ 

External 
Interrupt 
Request 

Interrupt Pin ----..... -_~:> C 

(a) Interrupt Internal Function Diag~am 

I Bit (CC) 

Power-On Reset 

External Reset 

External Interrupt 
Being Serviced (Vector Fetch) 

iiill~tlLlH U Edge-Sensitive Trigger Condition 
The minimum pulse width (tILlH) is either 
125 ns(Voo=5VI or 250 lis (VOO=3Vl. 
The period tlLlL should not be less than 
the number of !eyc cycles it takes to ex­
ecute the interrupt service routine plus 21 
tcyc cycles. 

I.. tILlL-----,l·~1 

IROn L....-____ --It 

Level-S8nIitIve Trigger Condition 
If after servicing an interrupt theiRO re­
mains low, then the next interrupt is 
recognized. 

Normally 
Used with 
Wire-ORed 
Connection 

TIm, 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 I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts, TheSWi 
operation is similar to the hardware interrupts. The in­
terrupt service routine address is specified by the Con­
tents of memory locations $1 FFC and $1 FFD. . 

SCI INTERRUPTS 

An interrupt in the SCI occurs when one ofthe interrupt 
flag bits in the serial communications status register is 
set, provided the I 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 SCI 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 I 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 I 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 SCI 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 exitsthe 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 SPI is disabled. If the MCUis in the 
slave mode when the STOP:instruction is exec~ted, 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 SPI 
in the STOP mode, no flags are set until a Iowan 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 inc 
active. 

WAIT 

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

Yes 

Stop 

Stop Oscillator 
And All Clocks 

Clear I Bit 

(1) Fetch Reset Vector or 
(2) Service Interrupt 

a. Stack . 
b. Set I 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, SCI, or SPI can cause 
the MCU to exit the WAIT mode. 

During the WAIT mode, the I bit in .the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The 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, butthe device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 

Oscillator Active 
Timer, SCI, And SPI 

Clocks Active 
Processor Clocks Stopped 

(1) Fetch Reset Vector or 
(2) Service Interrupt 

a. Stack 
b. Set I Bit 
c. Vector to Interrupt 

Routine 

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 micro.seconds 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. 

Figure 10. WAIT Function Flowchart 
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NOTE 

The I bit in the CCR should be set while manipu­
lating both the high and low byte register of aspe­
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-$1 B (counter alternate register). A read from only 
the least significant byte (LSB) ofthe free-running counter 
($19, $1 B) receives the count value at the time of the read. 

Internal 
Processor 

Clock 

If a read ofthe 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) anti, 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 

Low High 
Byte Byte 

$18 $14 

$19 $15 

$1A 

$1B 

r----~D a 
'---~----------------+---~----~~CLK 

Timer ....-..w-.....,.........L."""'T"-!: ........ 
Output 
Level 
Reg. Status 

Reg. 
C 

Timer mEr 
Control 

Reg. 
$12 

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 bya 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 (TOlE). 

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 compllre 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 th~ compare function is not 
needed, the two bytes ofthe output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents ofthe 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 usedinthe input 
capture software routine and its interactiop 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 

I ICIE I OCIE TOlE 

RESET: 
o 

ICIE - Input Capture Interrupt Enable 
1 = Interrupt enabled 
0= Interrupt disabled 

OCIE - Output Compare Interrupt Enable 
1 = Interrupt enabled 
0= Interrupt disabled 

TOlE - Timer Overflow Interrupt Enable 
1 = Interrupt enabled 
0= Interrupt disabled 

IEDG - Input Edge 

IEDG OLVL 

u 

Value of input edge determines which level transition 
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 
O=Lowoutput 

Bits 2, 3, and 4 - Not used 
Always read zero 

TIMER STATUS REGISTER (TSR) $13 

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

7 

I ICF I OCF TOF 

RESET: 
U U U 

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 transition 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 $1 B 
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. Ouring 
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. 

o 

Idle Line S 

3 

SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI 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 

• 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 (simultaneous transmit and re­
ceive) 

• Software programmable for one of 32 different baud 
rates 

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

• Separate transmitter and receiver enable bits 
• SCI may be interrupt driven 
• Four separate interrupt conditions 

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 nag 

SCI TRANSMITTER FEATURES 

• Transmit data register empty flag 
• Transmit complete flag 
• Break send 

Any SCI two-wire system requires receive data in (ROI) 
and transmit data out (TOO). 

DATA FORMAT 

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

4 

Control bit "M" 
Selects 8 or 9 bit data 

o 
-I _____ L 
S S 

- Stop bit is always high. o 
p 

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 SCI receiver is r~~enabled by 
an idle string of at leastten (or eleven) consecutive ones. 
Software for the transmitter must provide forthe 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 SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is 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 SCI is shown in Figure 13. The 
user has option bits in the serial communications .control 
register 1 (SCCR1) to determine the SCI 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 (SCDAn. 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 ifthe 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 alsobe set, which will also generate an inter­
rupt if the TCIE bit is set. Ifthe 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
ruptis 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 isa read/write register used to receive and 
transmit SCI data. 

7 6 5 

I SCD7 I SCD6 SCD5 SCD4 SCD3 SCD2 SCDl SCDO 

RESET: 
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) SOE 
The SCCR1 provides control bits that determine word 

length and select the wake-up method. 

$00 

$OE 

RS TS M I WAKE I 
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 ninth bit in the 
transmit data byte (if M = 1). 

Internal 
Processor 

Clock 

NOTE: The Serial Communications Data Registllr (SCDA Tl 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 signi.ficant 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 allows the next data 
byte received to. cause the receive data reg-
ister to fill and produce an RDRF flag. 

1 0 Detection of a received one in the eighth 
data bit allpws an RDRF flag and associated 
error flags. 

. 

1 1 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 control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. . 

7 

I TIE I TCIE RIE ILiE TE 

RESET: 
0 

TIE ~ Transmit Interrupt Enable 
1 = SCI interrupt enabled 
0= TDRE interrupt disaqled 

l RE RWU 

TCIE - Transmit Complete Interrupt Enable 
1 = SCI interrupt enabled 
0= TO interrupt disabled 

RIE - Receive Interrupt Enable 
1 = SCI interrupt enabled 
0= RDRF and OR interrupts disabled 

ILiE - Idle Line Interrut Enable 
1 = SCI interrupt enabled 
0= Idle interrupt disabled 

TE - Transmit Enable 

SBK 

0 

1 == Transmit shift register output is applied to the TDO 
line. Depending upon the SCCRl M bit, a pream­
ble of 10 (M = 0) or 11 (M = 1) consecutive ones i::; 
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 input is applied 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 fu nction also disabled after receiving 10 
(M=O) or 11 (M = 1) consecutive ones (ifWAKE=O) 

SBK- Send Break .'. . ' . ' 
1=Transm.itter continually sends biocks of zeros (sets 

of 10 or 11) u~tilcleared. Upon. completion of 
break code, transmitter sends one high bit for rec­
ognition of vCllid start bit. 

O=Transmitter sends 10 (M=O) ,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 8Iso<:on­
tained in the SCSR. 

TORE TC 

RESET: 
1 

RORF IDLE 

3, 

OR 

2 

NF FE 

TDRE -:... Transmit Data Register (TDR) Empty 
1 = TDR contents transferred to the transmit d.ata 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 
o =TC bit cleared by reading tlw SCSR(with 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. 
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 RD~. dhce IDLE is 
cleared, IDLE cannot be set until RDIline becomes 
active ~lnd 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 riot,disturbed. '. " 
0= OR is cleared by re"ding the SCSR (with 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: 

O=NF is cleared by reading 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 vitill only recognize the overrun 
error. Further data tran'sfer 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 theRDR. 

Bit 0 ~ Not used 
Can read either one or zero 

Baud Rate Register $00 

The baud rate register is used to select the SCI trans­
mitter and receiver baud rate. SCPO and SCPl prescaler 
bits are used in conjunction with the SCRO through SCR2 
bal:ld rate bits to provid~ multiple baud rate combinations 
fora given crystal frequency. Bits 3, 6, and 7 always read 
zero. 

7 

I -I SCPl SCPO SCR2 SCRI seRO 

RESET: 
u u 

SCPO - SCI Prescaler Bit 0 " 
SCP1 - SCI Prescaler Bit 1 

Twoprescaler 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 - SCI Baud Rate Bit 0 
SCRl - SCI Baud Rate Bit 1 
SCR2 - SCI Baud Rate Bit 2 

Three baudr,ate bits are used to select the baud rates 
of the SCI transmitter and SCI receiver. Baud rates 
versus ,bit levels 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 SCPO-SCPl and SCRO­
'SCR2 bitsin the baud rate register. All divided frequen­
cies show'n 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 (SCRO-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 ciystal, the 9600 baud rate can be ob­
tained vvith a prescaler divide-by-one and the SCRO~SCR2 
bits configured for 'a divide-by-eight. 

Table,3. Prescaler Highest Baud Rate Frequency OiJtput 

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 4800Hz 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 maybe obtained by providing 
a further division· using 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 kH? 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 
,0 Q 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 1920 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 1200Hz 300 Hz 150 Hz 
1 1, 1 128 1.024 kHz 256 Hz 600 Hz 150 Hz 75 Hz 

NOTE: Table 4 i1lu!)trates 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 re'presentative samples. In all cases, the baud rates shown are transmit baud 
rates (transmIt clock), and the receive clock is16 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 MCUand 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 capability 

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 ota slave device is placed in a high­
impedance state if slave is not selected (SS = 1). 

MISO 
MOSI 

SCK 

ss t---voo 
'---

M6805 HCMOS 
Master 

r--
P ()J 

0 1 
R 2 
T '3 "'--

I II 
T 
I T 

I I 

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. 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 
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 

M6805 HCMOS SlaveO 

MISOSCK_ I 
MOSI . SS 

" . 

II MOSI. SS., II MOSI SS MOSI SS 

MISO SCK MISO SCK MISO SCK 

M6805 HCMOS Slave 3 M6805 HCMOS Slave 2 M6805 HCMOS Slave 1 

. Figure' 14. Master-Slave Systern Configuration 
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?CK (CPOL = 0) 

SCK (CPOL", 1) 

Sample Input 
Data' o,ut (CPH~ = 1) 

Sample Input' 
Data out (CHPA=O) 

Figure 15. Data Clock Timing Diagram 

Internal 
Processor 

Clock 

SS (PD5). --+--...... ---'-'~ 

SPCR 
$OA L---r-_-J 

SCK (PD4) 

Internal 
1-+-=4--l_-.-_t"-+ Data 

Bus 

Figure 16. SPI Block Diagram 

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-bitshift register. Da~a 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 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 regi~ter]rorn the internal data 
bus, awaiting the clocks from the master to shift out se-, 
rially to the MISO pin and then t6 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 re,gisters, the 

serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data 110 reg­
ister (SPDR), are described in the following paragraphs. 

Serial Peripheral Control Register $OA 

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 4 2 

I SPIE.I SPE I MSTR I CPOL I CPHA I 
. RESET: 

0 U U 

SPIE - Serial Peripheral Interrupt Enable 
1 = SPI interrupt enabled 
0= SPI interrupt disabled 

SPE-, Serial PeripheraLSystem Enable 
1 = SPI system on 
0= SPI system off 

SPRI SPRO 

U U 
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M!!1!r ~ 
I 

8-Bit Shift Register 
I MISO MISOI, 

8-Bit Shift Register 

I MOS' MOS,I 

I 
I , 
I SCK SCKI 

I 
ISS SSI 
I +5V ov----, 

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 conjunctiop with the,clock phase (CPHA) bit. 

1 == SCK line idles high 
Oc=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 ,,;; SS 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 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 

SPR1 SPRO Internal Processor 
Clock Divided By 

0 0 2 
0 1 4 
1 0 16 
1 1 32 

Serial Peripheral Status Register SOB 

The SPSR contains three status bits. 

7 6 4 

SPIF I weOl I I MODF I 
RESET: 

o 
SPIF - Serial Peripheral Data Transfer Flag 

1 = Indicates data transfer completed between pro-
cessor and external device. ' 
(If SPIF == 1 and SPIE = 1, SPI interrupt is ena­
bled.) 

0== Clearing is accomplishedby reading SPSR(with 
SPIF = 1) followed by SPPR 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 Fau It 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 1/0 Register$OC 

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

7 

I SPD7 I SPD6 SPD5 SPD4 SPD3 SPD2 SPD1 SPDO 

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, bi~ manipulation, and contro.!. The 
following, paragraphs briefly explain each type. , 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
l)1ultiply (MUl) instruction. This instruction allows un­
signed multiplication of the contents of the accumulator 
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(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. 

Operation 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 

Form(s) Addressing' I 
Mode Cycles I Bytes I Opcode 

Inherent 11 1 $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 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 

Function Mnemonic 

load A from Memory LOA 

Load X from Memory LDX 

Store A in Memory STA 

St'ore 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 Unconditional 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. 

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 

Multiply MUL 

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 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 

BIT MANIPULATION INSTRUCTIONS 

The MCUis 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. 

Function Mnemonic 

Branch if Bit n· is Set BRSET n (n=O ... 7) 

Branch if Bit n is Clear BRClR n (n=O ... 7) 

Set Bit n BSET n (n=O ... 7) 

Clear Bit n BClR n (n=O ... 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 

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 1/0 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 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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cx1, 3BACL:~B 1 BCL~~c 2 BA~J:L 

3
BASE:,!; 5 3 

2 2 BSE11c 
BHI 

0010 2 AEL 

3
BACL

:T'; 

5 3 5 

~, 1 BCL~~c 1 BLS
AEL 

2 COM
OIA 

3
BASE:?: 5 3' 5 

4 2 BSE1~c 2 BCC
REL 2 LS~TA 0100 

3
BRCL:?: 5 ,3 

01~' 7 BCL~~c '2 BCS
REL 

,3
BRSE:i: 

5 3 5 

o~o 2BSE1~c i BNEREL 2 ROR
OIA 

, 3BRCL~: 
5 3 5 

O{" 2 BCL~~c 2 BEQ
AEL 

ASR 
2 DIA 

3BRSEJ~: 
5 3 5 

k , BSE~tc 2 BHC~E" 2 LSL~IR 

3
BACL:ia 5 3 5 

9 2 BCL~1c 2 BHCS 2 ROL
OIR '00' REL 

3BASEJ~: 
5 3 5 

,:'0 7 BSE1~c , BPL
RH 

2 DEC
OIR 

3BRCL:~ 
5 3 

B 2 BCL~~c BMI 
'011 2 AEL 

3
BASEJf: 2 BSE1~; 

3 5 

,~ BMC 2 INC 
2 AEL OIA 

_5 
, BCL~~; 

3 4 

,g, 3
BACL

:fR , BM~FI , TS~A 
5 5 3 

l1~O JBASEJIB 1 BSE~~c 2 BILREL 

BACLA7
5 5 3 5 

F BCLR7 BIH CLR 
1111 3 BTB , BSC , REL , OIA 

,AbbreYietiOna for Add ..... Model 

INH 
A 
X 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 

IXl 
IX2 

Inherent 
Accumulator 
Index Register 
Immediate 
Direct 
Extended 
Relative 
Bit Setl Clear 
Bit Test and Branch 
I"dexed (No Offset I 
Indexed. 1 Byte (8-Bitl Offset 
Indexed. 2 Byte 06-Bitl Offset 

• 
Table 5. Opcode Map 

-
Reed/Modify/Write Control Register/Memory 

INH INH IX1 IX INH INH IMM DIR EX· 1X2 IX1 IX 

o~ o~i 0~0 01~1 8 9 A ,8 lfoo 1~1 E lfll ~ 1000 1001 1010 1011 1110 
3 3 

NEG 6 NEG 5 ATI 9 SUB L 
; j 

J SU~x; 3. SUBlx: 
SUB' SUB j 

~ NEGA NEGX 2 SUB
OIA 1 INH 1 INH 2 IX' I IX 1 INH 2 IMM 2 ' IX' I IX 

6 2 3 4 5 4 3 
RTS CMP CMP CMP CMP GMP CMP 1 , INH 2 IMM 2 OIA 3 EXT 3 IX2 2 IX' I IX 000' 

11 2 3 4 
SBC 5 

4 
SBC 3 MUL SBC SBC SBC SBC ~<L , INH 12 IMM 2 OIR 3 EXT 3 IX2 2 IX' , IX 

3 3 6 5 10 2 3 4 
CPX ~ 4 

CPX j " COMA COM X 2 COM COM SWI CPX CPX CPX CPX 3 ' 
1 INH , INH IX' , IX , INH 2 IMM 2 OIA 3 EXT 3 IX2 2 IXl , IX ;0011 

3 3 6 5 2 
AND J 

4 5 4 
AND 3 LSAA LSRX LSR LSR AND AND AND AND 4 , INH , IN" 2 IX' , , IX 12 IMM 2 OIR 3 EXT 3 IX2 2 IX' , IX 0100 

2 3 4 5 4 

BIT: BIT BIT BIT 3 BIT IXl 2 BIT
lx

, , ~1 . 21M" 1 OIR 3 EXT 
3 3 6 5 2 3 4 '5 4 3 

, ROR.~~H RORX ROR ROR 
,2 LD~MM LDA LDA LDA LDA LDA 6 , INH 2 IX' , IX 2 OIA 3 EXT 3 IX2 2 IX" , IX 0110 

3 3 6 5 2 4 
STA ' STA " STA ' 

4 
' ASRA ASRX ASR ASR TAX STA STA 7 

, INH 1 INH 2 IX' , IX 
" 

INH 2 OIA 3 EXT 31X2 2 IX' , IX 0'11 
3 3 6 5 2 2 3 4 5 4 3 

LSLA LSLX 7 LSL LSL ~ CL~ ~ EOR L EOR EOR EOR EOR, ~OA B 
1 INH 1 INH IX' , IX IMM OIR 3 EXT 3 IX2 2 IX' , IX '000 

3 3 6 5 2 2 3 4 5 4 
ADC j ROLA ROLX ROL ROt SEC ADC ADC ADC ADC ADC 9 , INH 1 INH 2 IX' I IX I INH 2 IMM 2 OIR 3 EXT 3 IXl 1 IX' , IX '00, 

3 3 6 5 2 
ORA L ORA j ORA' ORA 5 ORA 4 ORA 3 A DECA DECX DEC DEC Cli , INH I INH 2 IX' I IX , INH 2 IMM 2 OIA 3 EXT 3 IXl 2 IX' , IX '010 

SEI l ADD 2 ADD 3 ADD 4 ADD' ADD 4 ADD j , B , INH 2 IMM 2 OIR 3 EXT 3 IXl 2 IX' , IX '011 
3 3 6 5 2 2 

JMP 3 
4 

JMP 3 JMP 2 INCA INCX INC INC RSP JMP JMP C , INH , INH 2 IX' , IX , 'NH 2 OIR 3 EXT 3 IX2 2 IX' , IX -1100 
3 3 5 4 2 6 

JSR ' JSR b JSR ,b JSA ' , TSTA TSTX TST TST NOP BSR JSR D , INH , INH 2 IX' , IX , INH 2 REL 2 OIR 3 EXT 3 IX2 2 IX' , 
'X 1101 

2 
LOX 2 LDX 3 LDX 4 LOX ~, 4 

LDX' j l1~oi STOP 2 LOX , INH 2 IMM 2 OIR 3 EXT 3 IX2 IX' , IX 
3 3 6 5 

WAIT 2 
2 

STX 4 STX 5 STX 6 STX ~ STX 4 

I CLRA CLRX CLR CLR TXA F , INH I INH 2 IX' , IX , INH , INH 2 OIR 3 EXT 3 IX, , IX' , IX '11' 

LEGEND 

01( I Opcode in Hexadecimal 

Opcode in Binary 
Mnemonic ~.. ~ l ~ 

Bytes 1 ~X CXXXJ c:: 

Cycles-----___ '---------- Address Mode 
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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 
($1 FE 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 ofthe contents ofthe unsigned 
8-bit index registerand 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 setlclear 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 
110, 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 instructfon with no 
other arguments are included in this mode. These in­
structions are one byte long. 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS (Voltages referenced to VSS) 

Rating 

Supply Voltage 

Input Voltage 

Self-Check Mode (IRQ Pin Only) 

Current Drain Per Pin Excluding 
VDD and VSS 

Operating Temperature Range 
MC68HC05C4P, FN (Standard) 
MC68HC05C4CP, CFN (Extended) 
MC68HC05C4MP, MFN (Automotive) 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance 
Plastic 
Plastic Leaded Chip Carrier (PLCC) 

Symbol 

VDD 

Vin 

Vin 

I 

TA 

Tst~ 

Symbol 

flJA 

Value 

-0.3 to + 7.0 

VSS -0.3 to 
VDD +0.3 

VSS-0.3 to 
2xVDD+0.3 

25 

TL to TH 
o to + 70 

-40 to +85 
-40 to + 125 

-65 to + 150 

Value 

60 
70 

Unit 

V 

V 

V 

mA 

°C 

°C 

Unit 

°C/W 

This device contains circuitry to protect the in­
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor­
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper­
ation, it is recommended that Vin and Vout be 
constrained to the range VSS "'" (Vin or Vout) "'" 
VDD. Reliability of operation is enhanced if un­
used inputs are connected to an appropriate logic 
voltage level (e.g., either VSS or VDD). 
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POWER CONSIDERATIONS 
The average chip:junction temperature, T J, in °C can 

be obtained from: 
For most applications PI/O<PINT and can be neglected. 

The following is an approximate relationship between 
PD and Tj (if PliO is neglected): 

where: 
TA 
I:lJA 

PD 
PINT 
PliO 

TJ=TA + (PD 0 I:lJA) (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+Pr/O 
= Icex VCC' Watts - Chip Internal Power 
== Power Dissipation on Input and Output 

Pins - User Determined 

VOO=4.5 V 

Pins R1 R2 C 

PAD-PA7, 3.26 k!l 2.38 kn 50 pF 
PBO-PB7, 
PCO-PC7, 
PD1-PD4 

PDO,PD5, PD7 1.9 k!l 2.26 k!l 200 pF 

VOO=3.0 V 

Pins R1 R2 C 

PAD-PA7, 10.91 kH 6.32 kH 50 pF 
PBO-PB7, 
PCO"PC7, 
PD1-PD4 

PDO,PD5,PD7 6 kH 6 kH 200 pF 

PD=K.;-(TJ+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K = PD 0 (T A + 273°C) + tlJAoPD2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring. PD 
(at equilibrium) for a known T A- Using this value of K, 
the values of PD and TJ can be obtained by solving equa­
tions (1) and (2) iteratively for any value of T A-

C 
(See 

Table) 

Voo 

R2 
(See Tablel 

Rl 
(See Tablel 

Figure 18. Equivalent Test Load 
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DC ELECTRICAL CHARACTERISTICS 
(VOO= 5.0 Vdc± 10%, VSS =0 Vdc, TA = TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad~10.0 fLA VOL - - 0.1 V 
VOH VOO-O.1 - -

Output High Voltage VOH V 
(lLoad=O.8 mAl PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) VOO-O.8 - -
(lLoad = 1.6 mAl P01-P04 (see Figure 20) VOO-0.8 - -

Output Low Voltage (see Figure 21) VOL - - 0.4 V 
(lLoad = 1.6 mAl PAO-PA7, PBO-PB7, PCO-PC7, P01-P04, TCMP 

Input High Voltage VIH O.7xVOO - VOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSC1 

Input Low Voltage - VIL VSS - 0.2xVOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSC1 

Oata Retention Mode (0° to 70°C) VRM 2.0 - - V 

Supply Current (see Notes) 100 
Run (see Figures 22 and 23) - 3.5 7.0 mA 
Wait (see Figures 22 and 23) - 1.6 4.0 rnA 
Stop (see Figure 23) 

25°C - 2.0 50 fLA 
0° to 70°C (Standard) - - 140 fLA 
- 40° to + 85°C - - 180 fLA 
-40° to + 125°C - - 250 fLA 

1/0 Ports Hi-Z Leakage Current IlL - - ±10 fLA 
PAO-PA7, PBO-PB7, PCO-PC7, P01-P04 

Input Current lin - - ±1 fLA 
RESET, IRQ, TCAP, OSC1, POO, P05, P07 

Capacitance pF 
Ports (a§Jnput or Output) Cout - - 12 
RESET, IRQ, TCAP, POO-P05, P07 Cin - - 8 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait 100: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 
4. Run (Operating) 100, Wait 100: 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, CL = 20 pF on OSC2. 
5. Wait, Stop 100: All ports configured as inputs, VIL = 0.2 V, VIH = VOO - 0.2 V. 
6. Stop 100 measured with OSC1 = VSS. 
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 100 is affected linearly.by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS 
(VOO = 3.3 Vdc ± 10%, VSS = 0 Vdc, T A = TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad,;;10.0 iJ.A VOL - - 0.1 V 
VOH VOO-O.1 - -

Output High Voltage VOH V 
(lLoad =0.2 rnA) PAD-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) VOO-0.3 - -
(lLoad=1.6 rnA) P01-P04 (see Figure 20) VOO-0.3 - -

Output Low Voltage (see Figure 21) VOL - - 0.3. V. 
(lLoad=0.4 rnA) PAO-PA7, PBO-PB7, PCO-PC7, P01-P04, TCMP 

Input High Voltage VIH 0.7xVOO - VOD V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRO, 
RESET,OSC1 

Input Low Voltage VIL VSS - O.2 x VOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRO, 
RESET,OSC1 

Data Retention Mode (0° to 70°C) VRM 2.0 - - V 

Supply Current (see Notes) 100 
Run. (see Figures 22 and 24) - 1.0 2.5 rnA 
Wait (see Figures 22 and 24) - 0.5 1.4 rnA 
Stop (see Figure 24) 

25°C - 1.0 30 iJ.A 
OOto 70°C (Standard) - - 80 iJ-A 
:;-,40° to + 85°C - - 120 fJ.A 
-40° to + 125°C - - 175 iJ.A 

1/0 PO.rts Hi-Z Leakage Current IlL - - ±10 iJ.A 
PAO-PA7, PBO-PB7, PCO-PC7, P01-P04 

Input Current lin - - ±1 fJ.A 
RESET, IRO, TCAP, OSC1, POO, P05, P07 

Capacitance pF 
Ports (a§jnput or Output) Cout - - 12 
RESET, IRO, TCAP, POO-P05, P07 Cin - - 8 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait 100: Only timer system active (SPE = TE = RE=.O). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 
4. Run (Operating) 100, Wait 100: 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, CL = 20 pF on OSC2. 
5. Wait, Stop 100: All ports configured as inputs, VIL = 0.2 V, VIH = VOO - 0.2 V. 
6. Stop 100 measured with OSC1 = VSS. 
7. Standard temp~rature range is 0° to 70°C. Extended temperature (-400to +85°C, -40° to + 125°C) versiOns and a 25°C only 

version are available. 
8. Wait 100 is affected linearly by the OSC2 capacitance. 
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MC68HC05.C4 

CONTROL TIMING 
(VDD=5.0 Vdc±10%, VSS=O Vdc, TA=TL to TH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option - 4.2 
External Clock Option dc 4.2 

Internal Operating Frequency fop MHz 
Crystal (fosc 7 2) - 2.1 
External Clock (fosc 7 2) i dc 2.1 

. Cycle Time (see Figure 28) tCyc 480 - ns 

Crystal Oscillator Startup Time (see Figure 28) tOXOV - 100 ms 

Stop Recovery St~rtup Time (Crystal Oscillator) (see Figure 25) tlLCH - 100 ms 

RESET Pulse Width (see Figure 28) tRL 1.5 - tcvc 

Timer 
Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 26) tTH, tTL 125 - ns 
Input Capture Pulse Period (see Figure 26) 'tTLTL *** - tcyc 

Interrupt Pulse Width low (Edge-Triggered) (see Figure 8) tlLlH 125 - ns 

Interrupt Pulse Period (see Figure 8) tlLll * - tcyc 

OSCl Pulse Width tOH, tal 90 - ns 

*The minimum period tlLll should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 tcyc. ' 

**Since a 2-bit prescaler in the timer must count four internal cycles (tcycl, this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period tTL Tl should. not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc. . . . 

OW' ~IIIIIIIIIII ! 111111/ZIIt. 
tRL 

IR02 

1+----- tlLCH ------.~- 4004ltcyc 

IR03 

Internal 
Clock _____________ _ 

~~~~~i XXXX2<Xx~ 
NOTES: 

1. Represents the internal gating of the OSC1 pin. 
2. IRO pin edge-sensitive mask option. 
3. IRO 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 
(Voo=3.3 Vdc:!:10%, vSS=o Vdc, TA=TL to TH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option - 2.0 
External Clock Option dc 2.0 

Internal Operating Frequency fop MHz 
Crystal (fosc72) - 1.0 
External Clock (fosc72) dc 1.0 

Cycle Time (see Figure 28) tCYc 1000 - ns 

Crystal Oscillator Startup Time (see Figure 28) toxOV - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) tlLCH - 100 ms 

RESET Pulse Width - Excluding Power-Up (see Figure 28) tRL 1.5 - tCYC 

Timer 
Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 26) tTH, tTL 250 - ns 
Input Capture Pulse Period (see Figure 26) tTLTL *** - tcyc 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tlLlH 250 - ns 

Interrupt Pulse Period (see Figure 8) tlLlL * - tcyc 

OSC1 Pulse Width tOH, tOL 200 - ns 

*The minimum period tlLlL should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 tcyc. 

**Since a 2-bit prescaler in the timer must count four internal cycles (tcycl, this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period tTL TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc. 

External 
Signal 
(TeAP 
Pin 37) 

Figure 26. Timer Relationships 
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MC68HC05C4 

SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(VDD=5.0 Vdc±10%, VSS=O Vdc, TA=TL to TH) (see Figure 27) 

Num. Characteristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to Data Active from High-Impedance State) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% VDD to 70% VDD, CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO,L 
SPI Inputs (SCK, MOSI, MISO, and SS) 

13 Fall Time (70% VDD to 20% VDD, CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO,L 
SPI Inputs (SCK, MOS!, MISO, and SS) 

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

Symbol.· 

fop(m) 
fop(s) 

tcyc(m) 
t~yc(s) 

tlead(m) 
tlead(s) 

tlag(m) 
tlC!g(s) 

tw(SCKH)m 
tw(SCKH)s 

tw(SCKL)m 
tw(SCKL)s 

tsu(m) 
tsu(s) 

th(m) 
this) 

ta 

tdis 

tv(m) 
tv(s) 

tho(m) 
tho(s) 

trm 
trs 

tfm 
tfs 
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Min Max Unit 

dc 0.5 fop 
dc 2.1 MHz 

2.0 - tcyc 
480 - ns 

* - ns 
240 - ns 

* - ns 
240 - ns 

340 - ns 
190 - ns 

340 - ns 
190 - ns 

100 - ns 
100 - ns 

100 - ns 
100 - ns 

0 120 ns 

- 240 ns 

0.25 - tcyc(m) 
- 240 ns 

0.25 - tcyc(m) 
0 - ns 

- 100 ns 
- 2.0 J.ls 

- 100 ns 
- 2.0 J.ls 



MC68HC05C4 

SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(VDD=3.3 Vdc±10%, VSS=O Vdc, TA=TL to TH) (see Figure 27) 

Num. Characteristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to Data Active from High-Impedance State) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% VDD to 70% VDD, CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOL. 
SPllnputs (SCK, MOSI, MISO,and SS) 

13 Fall Time (70% VDD to 20% VDD, CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO.L 
SPI Inputs (SCK, MOSI, MISO, and SS) 

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

Symbol 

fop(m) 
fop(s) 

tcyc(m) 
tcyc(s) 

tlead(m) 
tlead(s) 

tlag(m) 
tlaa(s) 

tw(SCKH)m 
tw(SCKH)s 

tw(SCKL)m 
tw(SCKL)s 

tsu(m) 
tsu(s) 

th(m) 
this) 

ta 

tdis 

tv(m) 
tv(s) 

tho(m) 
tho(s) 

trm 
trs 

tfm 
tfs 
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Min Max Unit 

dc 0.5 fop 
dc 1.0 MHz 

2.0 - tcyc 
1.0 - f.Ls 

* - ns 
500 - ns 

* - ns 
500 - ns 

720 - f.Ls 
400 - ns 

720 - f.Ls 
' 400 - ns 

200 - ns 
200 - ns II 
200 - ns 
200 - ns 

0 250 ns 

- 500 ns 

0.25 - tcyc(m) 
- 500 ns 

0.25 - tcyc(m) 
0 - ns 

- 200 ns 
- 2.0 f.Ls 

- 200 ns 
- 2.0 f.Ls 
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~ is Held High on Master • 

SCK (CPOl.O) 
(OUTPUT) --....;.;.;~-f'----I) 

SCK (CPOL.1) 
(OUTPUT) 

MISO 
(INPUT) 

MOSI 
(OUTPUT) 

NOTE: This first clock edge is generaled internally but is nol seen althe SCK pin. 

a) SPI MASTER TIMING (CPHA = 0) 

~ 
(INPUT) 

~ is Held High on Master 

SCK (CPOl.O) 
(OUTPUT) ___ --I 

SCK (CPOL.1) 
(OUTPUT) 

MISO 
(INPUT) 

MOSI 
(OUTPUT) 

NOTE: This last clock edge is generaled internally but is not seen althe SCK pin. 

b) SPI MASTER TIMING (CPHA=1) 

Figure 27. SPI Timing Diagrams (Sheet 1 of 2) 
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55 
(INPUT) 

SCK (CPOL=I) 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

MC68HC05C4 

NOT,E: Not defined but normally MSB of character just received. 

ss 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

c) SPI SLAVE TIMING (CPHA=O) 

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

d) SPI SLAVE TIMING (CPHA=1) 

Figure 27. SPI Timing Diagrams (Sheet 2 of 2) 
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* * * 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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MC68HC05C4 

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 51/4 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 $1 FF4 to $1 FFF. 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. 

$0020 

xxx = Customer ID 

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 MC68HC05C4 device. 

Package Type Temperature Me Order Number 

Plastic O°C to + 70°C MC68HC05C4P 
(P Suffix) - 40°C to + 85°C MC68HC05C4CP 

-40° to + 105°C MC68HC05C4VP 
- 40°C to + 125°C MC68HC05C4MP 

PLCC O°C to +70°C MC68HC05C4FN 
(FN Suffix) - 40°C to + 85°C MC68HC05C4CFN 

- 40°C to + 105°C MC68HC05C4VFN 
- 40°C to + 125°C MC68HC05C4MFN 

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

II 

PA4 

PA3 

PA2 

PBO 

PBl 

PB2 

PB3 

PB4 

40-PIN DUAl-IN-LiNE PACKAGE 

VDD 

OSCl 

OSC2 

TCAP 

PD7 

TCMP 

PD5/SS 

PD4/SCK 

PD3/MOSI 

PAl PD2/MISO 

PD1/TDO 

PBO PDO/RDI 

PBl PCO 

PB2 PCl 

PB3 PC2 

PB4 PC3 

PB5 PC4 

PB6 PC5 

PB7 PC6 

VSS PC7 

44-lEAD PlCC PACKAGE 

<01'- Ul aUU<l: I
~ ~ N a.. 

<l: <l: U U I~ UJ a Ul Ul U U 
a..a..ZZ_Il:>OOI-Z 

PD7 

TCMP 

PD5/SS 

PD4/SCK 

PD3/MOSI 

PD2/MISO 

PD1/TDO 
pnO/RDI 

pea 
PC1, 

PC2 

NOTE: Bulk substrate tied to Vss. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 
MC68HC05C8 

Technical Summary 
8-Bit MicrocontroUer Unit 

The MC68HC05C8 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro­
grammableas 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/O 
• 176 Bytes of On-Chip RAM 
• 7740 Bytes of User ROM 
• 24 Bidirectional I/O Lines and 7 Input-Only Lines 
• Serial Communications InterfaGe(SCI) System 
• Serial Peripheral Interface (SPI) System 

• Self-Check Mode 
• Power-Saving STOP, WAIT, and Data Retention Modes 
• Single 3.0- to 5.5-Volt Supply (2-Volt .Data Retention Mode) 
• Fully Static Operation 
• 8 x 8 Unsigned Multiply Instruction 

Port 
A 

1/0 
Lines 

Port 
B 

liO 
Lines 

TCAP 

PAD 
PAl 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PBO 
PBl 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 

TCMP 

t 
Timer 

System 

Port Data 
A Dir r-< 

Reg Reg 

Port Data 
B Dir r--< 

Reg Reg 

BLOCK DIAGRAM 

OSCl OSC2 

Internal t t Internal 
Processor I Oocill~" ~,,,reM" Clock 

and Clock 

I +2 

• Y 

Accumulator 

CPU 
Index Control 

Register 

Condition 
Code 

Register 
CPU 

Stack 
Pointer 

Program 
Counter 

High ALU 
Program 
Counter 

Low 

1 
T 1 

7740 x 8 

I 
176x8 

I ROM Static 
RAM 

240 x 8 
Self-Check 

ROM 

r-

~ 

10-

10-

RESET 

IRQ 

PCO 
PCl 
PC2 

Data Port PC3 
Dir C PC4-
Reg Reg PC5 

PC6 
PC7 

Port D 
P07 

RDI (P~Q) 
SCI 

TDO(P01) 
MISO(PD2) 
MOSI (PD3) 

SPI SCK (PD4) 

• SS (P05) 

Baud Rate 
Generator 

Int!nal 
Processor 

Clock 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC68HC05C8 

SIGNAL DESCRIPTION 

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

VOOANDVSS 

Power is supplied to the microcontroller using these 
two pins. VDD 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. 

OSC1,OSC2 

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 

2 MHz 4 MHz Units 

RSMAX 400 75 {} 

Co 5 7 pF 

Cl 0.000 0.012 I'F 

COSCl 15-40 15-:ll pF 

COSC2 15-:ll 15-25 pF 

Rp 10 10 M{} 

~ 4( 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 
Rand fosc 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 VDD 
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 

RS Itypical! 10 {} 

Co 40 pF 

Cl 4.3 pF 

COSCl 30 pF 

COSC2 30 pF 

Rp 1·10 M{} 

Q 1250 -

(a) Crystal/Ceramic Resonator Parameters 

MCU 

OSCl OSC2 

39 Rp 38 

~COSC2 

(b) Crystal/Ceramic Resonator 
Oscillator Connections 

R 

(d) RC Oscillator Connections 

~
SC2 L CJ1, ,RS, 08C1 38 39 

Co 

-38------~IDI~------3_9 

Figure 1. Oscillator Connections 

(c) Equivalent Crystal Circuit 

(e) External Clock Source Connections 
(For Crystal Mask Option Only) 
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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 (lCAP) 
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, PBO-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 (PDO-PD5, PD7) 
These seven lines comprise port D, a fixed input port. 

All special functions that are enabled (SPI, SCI) affect this 
port. Refer to PROGRAMMING for additional information. 

PROGRAMMING 

Inputloutput 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 programmable as either an input or an 
output under software control df 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 1/0 pin functions. 

Table -1. 1/0 Pin Functions 

RIW* DDR I/O Pin Functions 

0 0 The 110 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 110 pin. 

1 0 The state of the 110 pin is read. 

1 1 The 110 pin is in an output mode. The 
output data latch is read. 

*RNV is an internal Signal. 

FIXED INPUT PORT PROGRAMMING 

Port D is a fixed input port (PDO-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, PDOand 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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Internal 
MCU 

Connections 

lID 
Pin 

Figure 3. Typical Port 1/0 Circuit 

NOTE 

Any unused inputs and 1/0 ports should be tied to 
an appropriate logic level (e.g., either VDD 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 (PDO-PD1) for its receive data 
input (RDII 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 ou~tl 
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 $1 FF4 to $1 FFF. 

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 call. 

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. 

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. 

x 

PROGRAM COUNTER (PC) 

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

12 

PC 

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 $OOFF. 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 $OOFF to $OOCO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
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$0000 

$OOlF 
.. $0020 

$OO4F 
$0050 

$OOBF 
$OOCO 

$OOFF 
$0100 

$lEFF 
$lFOO 

$lFDF 
$lFEO 

$lFEF 
$lFFO 

$lFF3 
$lFF4 

$lFF F 

1/0 
32 Bytes 

User 
ROM 

48 Bytes 

RAM 
176 Bytes 

~--I---Stack 
64 Bytes 

User 
ROM 

7680 Bytes 

Self Check 

f------
Self-Check 

Vectors 

Unused 
4 Bytes 

User 
Vectors 
12 Bytes 

0000 

0031 
0032 

\ 
\ 

0079 
0080 

\ 

.... \ 

0191 
0192 

0255 
0256 

7935 
7936 

8175 
8176 

8179 
8180 

8191 

\ 
\ 

\ 
\ 
\ 
\ 
\ 

\ 

\ 

256 Bytes 

Ports 
7 Bytes 

Unused 
3 Bytes 

Serial Peripheral 
Interface 
3 Bytes 

Serial 
Communications 

Interface 
5 Bytes 

Timer 
10 Bytes 

Unused 
4 Bytes 

0000 

0031 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

Port A Data Register $00 

Port B. Data Register $01 

Port C Data Register $02 

Port 0 Fixed Input Register $03 

Port A Data Direction Register $04 

Port B Data Direction Register $05 

Port C Data Direction Register $06 

Unused $07 

Unused $06 

Unused $09 

Serial Peripheral Control Register $OA 

Serial Peripheral Status Register SOB 

Serial Peripheral Data 1/0 Register SOC 

Serial Communications Baud Rate Register $00 

Serial Communications Control Register 1 $OE 

Serial CommuniCations Control Register 2 $OF 

Serial Communications Status Register $10 

Serial Communications Data Register $11 

Timer Control Register $12 

Timer Status Register $13 

Input Capture High Register $14 

Input Capture Low Register $15 

Output ~om~re High Register $16 

Output Compare Low Register $17 

Counter High Register $18 

Counter Low Register $19 

Alternate Counter High Register $lA 

Alternate Counter Low Register $lB 

Unused $lC 

Unused $10 

Unused $lE 

Unused $lF 

Figure 4. Memory Map 

wraps around and loses the previously stored informa­
tion. A subroutine call occupies two locations on the. stack; 
an interrupt uses five .Iocations. 

12 7 

SP 

CONDITION CODE REGISTER leCR) 

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 

Half Carry IH) 

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

Interrupt (I) 

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 IN) 

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 Ii) 
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 ,S 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: 

I/O - 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 

SCI - Transmission test; checks RORF, TORE, TC, 
and FE flags 

SPI - Transmission test; checks SPIF, WCOl, and 
MOOF flags 

Self-check results (using the LEOs 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 $1 FOE. The output 
compare register is first set to the current timer state. 
B.ecause 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=O. 

RESET 

47~ RESET 1 :1'9 iRO 
10k 2N3904 10k 

..1 NC VOO 
40 +5V +5V 
39 '~-:( OSCl 

10k '::" I I ':' 
37 

TCAP 10M 0 4MHz 
MCU 

I 'rlF ~ PA7 OSC2 38 

r-~ PA6 36 
(See Note) I '::" 

6 P07 

i: PA5 2L 
7 TCMP 

PA4 
P05/SS 

34 

~ PA3 33 1M 

~ 
PD4/SCK 

~ 10 k PA2 32 
10 P03/MOSI 

PAl 31 
11 P02/MISO 

I PAO 30 
POl/TOO 

29 
PDQ/ROI 

~ 12 28 
PBO PCO - '!-~ 27 

r- PBl PCl 

10k 14 26 ~ PB2 PC2 
25 "" '!-15 PC3 

'* PB3 .... 
~ PB4 PC4 ~ 

--1l PC5 
23 

PB5 
18 

PB6' PC6 
22 

19 
PB7 PC7 21 

VSS 

...L20 

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

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

PC3 PC2 PC1 PCO Remarks 

1 0 0 1 Bad 1/0 

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. 

o 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=O. 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 = O. If the test passed, A = O. 

RESETS 

The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET inE!!! 
consists mainly of a Schmitt trigger 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 voltage. 
There is a 4064 internal processor clock cyc~) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 40~, the MCU will remain in the 
reset condition until RESET goes high. 

7 

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 (tcyel. 

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 
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, regardles's 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. 

o 

Increasing Memory 1 i 
1 1 1 11 1 Condition Code Register 

Stack 
I 

II Addresses U 
R 
N 

Unstack 

01 0 Jo( 

Accumulator 

Index Register 

PCH 

PCl P 
T 

Decreasing Memory 
Addresses 

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. 

Figure 6. Interrupt Stacking Order 
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Clear iRQ 
Request 
latch 

load PC from: 
SWI: $1 FFC-$1 FFD 
IRQ: $1FFA-$1FFS' 

Timer: $1 FF8-$1 FF9 
SCI: $1 FF6-$1 FF7 
SPI: $1 FF4-$1 FF5 

Complete 
Interrupt 
Routine 

and Execute 
RTI 

Figure 7, Reset and Interrupt Processing Flowchart 
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EXTERNAL INTERRUPT 
If the interrupt mask bit (I bit) of the CCR is set, all 

interrupts are disabled. Clearing the I bit enables the ~x~ 
ternal interrupt. The external interrupt is internally ~­
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 $1 FFA and $1 FFB. 

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 
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 RTI occurs. This 

Leilel-Sensitive Trigger 

Mask Option 

VDD ,.--__ .., 

time (tILlL) 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 reo' 
mains low after servicing an interrupt, then the next in­
terrupt is recognized; 

NOTE 
The internal interrupt iatch is cleared in the first part 
of the interrupt service routine;'therefore, one ex~ 
ter'nal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 

SOFTWARE INTERRUPT,(SWI) 
TheSWI is an executable instruction that is executed 

regardless of the state of the I bit in the CCA. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 

D O~---_I 
External 
Interrupt 
Request 

Interrupt Pin -' ----4I-------4V C 

I Bit (CC) 

Power-On' Reset 

'External Reset 

, Externl,ll Interrupt 
Being Serviced (Vector Fetch) 

(a) Interrupt Internal Function Diag~am 

nm~tlLIH U 
I.. tILlL----~·~1 

TIm! ---r=-tILlH----.f 
• 

IROn L...-____ .....Ir 

(M:I ... ___________ ........ r 
(b) Interrupt Mode Diagram 

Edge-SenIitiYe Trigger CondItion 
The minimum pulse width (\ill HI is either 
125 nsIVOO=5 VI or 250 ns 1VOO=3 V). 
The period tlLIL should not be less, than 
the number of, tcvc cycles it takes to ex­
ecute the interrupt S8f'Vice routine plus 21 
tcyc cycles. 

Lwel-Senlidye Trigger CondIdon 
If after servicing an interrupt the iliO r&­

mains lOw, then the next interrUpt is 
recognized . 

Normally 
Used with 
Wire-ORed 
Connection 

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 $1 FFC and $1 FFD. 

SCI INTJ:RRUPTS 
An interrupt in the SCI occurs when one ofthe interrupt 

flag bits in the serial communications status register is 
set, provided the I 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 SCI. )nterrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 

SPIINTERRUPTS 

An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the I 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 presci:lIeris 
cleared. The I 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 SCI 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 SPI 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 informatiohinaddition to transmitting its own 
data back to a master device. 

At the end of a. possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRQ 
pin wakes up theMCU. Ca'ution should be observed when 
operating the SPI as a stave. during the STOP mode be­
cause the protective circuitry (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 I bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 

Yes 

Stop Oscillator 
And All Clocks 

Clear I Bit 

(1) Fetch Reset Vector or 
(2) Service Interrupt 

a. Stack 
b. Set I Bit 
C. 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 

(1) Fetch Reset Vector or 
(2) Service Interrupt 

B. Stack 
b. Set I Bit 
c. Vector to Interrupt' 

Routine 

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 I 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. 

Figure 10; WAIT Function Flowchart 
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High Low 
Byte Byte 

$16 

$17 L..:.:.::l2;:':::::".J 

High 
Byte 

r-I-.,---,-L..., 
$14 

$15 

$1A 

$lB 
L:-;.;~~...I 

....----10 a 
.---~-----------------+----~--~~~CLK 

Timer .--~.,...-L--.---lII~ 

Status 
Reg, 

Output 
Level 
Reg, C 

Timer RESe'f 
Control 

Reg, 
$.12 

Output Edge 
Level Input 

(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 pr'ocessor 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-$18 (counter alternate register). A read from only 
the least significant byte (LS8) ofthefree-running counter 
($19, $1 8) 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 (MS8) 
($18, $1A), the LS8 ($19, $18) is transferred to a;buffer. 

This buffer value remains fixed after the first MS8 read, 
even if the user reads the MS8 several times. This buffer 
is accessed when r~ading the free-running counter or 
counter alternate register LS8 ($19 or $18) 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 MS8 is read, the LS8 must also be 
read to complete th,e sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MS8 
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; th~ ,?ounter 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 (TOlE). 

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 (lEDG). 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 ofthefree-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 
inhibitthe free-running counter transfer since they occur 
on opposite edges of the internal b,us 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. 

I ICIE I OCIE -, TOlE 

RESET: 
o 

ICIE - Input Capture Interrupt Enable 
1 = Interrupt enabled 
0= Interrupt disabled 

OCIE---, Output Compare Interrupt Enable 
1 = Interrupt enabled 
o = Interrupt disabled 

TOlE - Timer Overflow Interrupt Enable 
1 = Interrupt enabled 
0= Interrupt disabled 

IEDG - Input Edge 

IEDG OLVL 

u 

Value of input edge determines which level transition 
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 t/:le 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. 

I ICF I OCF TOF 

RESET: 
U U U 

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 setwhen 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 transition from 
$FFFF to $0000 occurs 

0= Flag cleared when TSR and counter iow 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 $1 B 
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. 

o 2 3 

Idle Line S 

SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety bf 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 

• $tandard NRZ (mark/space) f()rmat 
• Advanced error detection method includes noise de­

tection for noise duration of up to one-sixteenth bit 
time . 

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

• Software programmable for one of 32 different baud 
rates 

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

•. Separate transmitter and receiver enable bits 
• SCI may be interrupt driven 
• Four separate in~errupt 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 

• Transmit data register empty flag 
• Transmit complete flag 
• Break send 

Any SCI two-wire system requires receive data in (ROI) 
and transmit data out (TOO). 

DATA FORMAT 

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

4, 5 6 

Control bit "M" 
Selects 8 or 9 bit data 

7 8 

I, 

0 

* I C 
S S 

8 • Stop bit is always high. 0 

Figure 12. Data Format 
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WAKE-UP FEATURE 
In atypical 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 SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide forthe 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 (ROil is the serial data which is pre­

sented from the input pin via the SCI to the receive data 
register (ROR). 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 SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is 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 
Ifthere 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 (RORF = 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 (TOO) is the serial data presented 
from the transmit data register (TOR) 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 SCI 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 TOO 
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 SCOAT 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 IOLE 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 IOLE bit to be set and for 
an idle line interrupt to be generated. 

REGISTERS 
There are five registers used in the SCI; 11)8 internal 

configuration of these registers is discussed in the fol­
lowing paragraphs. 

Serial Communications Data Register (SCDAT) $11 
The SCOAT is a read/write register used to receive and 

transmit SCI data. 
7 6 5 0 

I SCD7 I SCD6 I SCD5 I SCD4 SCD3 SCD2 SCDt I SCDO I 
RESET: 

U u u u u u u u 
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As shown in Figure 13, SCDAT functions as tw'o sep­
arate registers. The transmit data register (TOR) 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. 

·$00 

$OE 

Internal 
Processor 

Clock 

NOTE: The Serial Communications Data Register (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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Serial Communications Control Register 1 (SCCR1) $OE 

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

7 3 

I RS I TS M I WAKE 1 I· 
RESET: 

U U U U 

RS- Receive Data Bit S 
R8 bit provides storage location for the ninth biiin 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). ' 

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 ~Notused 
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 allows the next data 
byte received to cause the receive data reg-
ister to fill and produce an RDRF flag. 

1 0 Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 

1 
I 

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

I TIE 1 TCIE 

RESET: 
o 

RIE IUE TE 

TIE - Transmit Interrupt Enable 
1 = SCI interrupt enabled 
O=TDRE interrupt disabled 

RE RWU 

TCIE - Transmit Complete Interrupt Enable 
1 = SCI interrupt enabled 
0= TC interrupt disabled 

RIE - Receive Interrupt Enable 
1 = SCI. interrupt enabled 
0= RDRF and OR interrupts disabled 

SBK 

ILiE - Idle Line Interrut Enable 
1 = SCI interrupt enabled 
0= Idle interrupt disabled 

TE - Transmit Enable 
1 = Transmit shift register output is applied to the TDO 

line. Depending upon the SCCRl 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-impedance 
line. 

RE - Receive Enable 
1 = Receiver shift register input is applied 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 enableswake-
. up function 
0= Wake-up function disabled after receiving data 

word with MSB set (if WAKE=l) . 
Wake-up function also disabled after receiving 10 
(M =()) or 11 (M = 1) consecutiveones.(jfWAKE=O) 

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. 

O=Transmitter sends 10 (M=O) 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. 

1 TDRE 1 TC 

RESET: 
1 

RDRF IDLE OR NF FE 

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. 

Te - Transmit Complete 
1 = Indicates end of data frame, preamble, or break 

condition has occurred 
, O=TC bit cleared by reading the SCSR (with TC= 1), . 

followed by a write to the TDR 
RDRF - Receive Data Register (RDR) Full 

1 = Receive data shift register contents transferred to 
theRDR 
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0= Receive data shift register transfer did not occur. 
RDRF is cleared by reading the SCSR (with 
RDRF = 1) folfowed 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), 

folfowed 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 fulf RDR (RDRF = 1). Data causing the overrun 
is lost, and RDR data is not disturbed. 

0= OR is cleared by reading the SCSR (with OR = 1), 
folfowed 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 (with NF = 1), 
folfowed 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 $OD 

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. 

I - I SCPl SCPO SCR2 SCRI SCRO 

RESET: 
u u u 

SCPO - 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 leve,ls 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 fisted 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 SCPO-SCP1 and SCRO­
SCR2 bits in the baud rate register. Alf 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 (SCRO-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 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 

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 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 Output 

SCR Bits Divided Representative Highest Prescaler Baud Rate Output 

2 1 0 By 131.0721<Hz 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 600Hz 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 SlaveO 
MOSI 

SCK MISO SCK 
SS I--VDD MOSI 55 -

M6805 HCMOS 
Master 

r---
p ()J 

0 1 
R 2 
T 3 r--

T 

I 

' I T 

II" I I I 
~ MOSI SS II MOSI SS MOSI SS 
MISO SCK MISO SCK MISO SCK 

M6!105 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 (MOSI, MISO, scI<, andSS) 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 cho'sen 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=O) 

SCK (CPOL = 1) 

Sample Input ' 
Data out (CPHA = 1) 

Sample Input 
Data out (CHPA = 0) 

Figure 15. Data Clock Timing Diagram 

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=O, 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 
VSS as long as CPHA = 1 clock modes are used. 

Internal 
Processor 

Clock 

SS (PD5) --+--...... -~ 

SPCR 
$OA '-----r---J 

SCK (?D4) 

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 available to the in­
te'rnal data bus during a CPU read cycle. 

Ina 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-bitshift registei'from the internal data 

tflternal 
I-+--...--I-..,.....:.-~ ,Data 

'----"""----,r---.;........,r-~ Bus 

Figure 16.SPI Block Diagram 
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bus, awaiting the clocks from the master to shift out se-. 
rially tathe 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 peripher~1 
status register (SPSR), and serial peripheral data I/O reg­
ister (SPDR), are described in the following paragraphs. 

Serial PeripheralContr()1 Register $OA 

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 4 3 2 

I SPIE I SPE I MSTR ICPOl I' CPHA I 

RESET: 
0 U 

SPIE ~ Serial Peripheral Interrupt Enable 
1 = SPI interrupt enabled 
0= SPI interrupt disabled 

SPE - Serial Peripheral System Enable 
1 =SPI systen:1on 
0= SPI system off 

MSTR - Master Mode Select 
1 = Master mode 
O=S(a~e mode 

CPOl - Clock Polarity 

SPR1 SPRO 

U U 

Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 

1 = SCK line idles high 
O=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 tw.oclocking protocols. 

1 =SS is an output enable control. 
0== Shift clock is the OR of SCK with SS. 

When SS is low, first edge of sci< invokes first 
data sample. 

MeSler I 
I 
I MISO 

I 

. I MOSI 

.I 

I 
I 
ISCK 

I 
ISS 
I +5V 

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 

SPR1 SPRO Internal Processor 
Clock Divided. By 

0 0 2 
0 1 4 
1 0 16 
1 1 32 

Serial Peripheral Status Register SOB 

The SPSR contains three status bits. 

SPIF I WCOl I I MODF I 

RESET: 

SPIF - Serial Peripheral Data Transfer Flag 

,. 

1 = Indicates data transfer completed between p~o­
cessor and external device. 
(If SPIF=1 and SPIE=1, SPlinterrupt isena­
bled.) 

O=Clearing is accomplished by reading SPSR (with 
SPIF = 1) followed by SPDR access. 

WCOl - Write Collision 
1 = Indicates an attempt is made to wril&to SPDR 

while data transfer is in process. 
0= Clearing is accomplished by reading SP$R (with 

WCOl = 1), followed by SPDR access. 
MODF - Mode Fault Flag 

1 = Indicates multi-master system contwl conflict. 
0= Clearing is accomplished by reading SPSR (with 

MODF= 1), followed by a write tathe SPCR. 
Bits 0-3, and 5 ....;.. Not used 

Can read either zero or one 

I 

MISOI 

MOSI
1 

SCKI 

I 
§Sl 

ov ----"--, 

Figure 17. SPI. Master-Slave Interconnections 
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Serial Peripheral Data 1/0 Register $OC 

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

S. 

SPD7 SPDS SPD5 SPD4 SPD3 SPD2 SPDl SPDD 

RESET: 
U U U U U U U U 

A write to theSPDR 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/niemory, 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. 

Operation 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 

Form(s) Addressing I 
I 

Mode Cycles Bytes I Opcode 
Inherent 11 1 $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 ofthe 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 

Function Mnemonic 

Load A from Memory LDA 

Load X from Memory LOX 

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 Unconditional 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 isan 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 

Multiply MUL 

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 

- Continued-
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Function Mnemonic 

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 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 

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 followin.g list 
for bit manipulation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n=O ... 7) 

Branch if Bit n is Clear BRClR n (n=O ... 7) 

Set Bit n BSET n (n=O ... 7) 

Clear Bit n BClR n (n=O ... 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 

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 
Inthe 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 

~ 
o 

-.llIl!XL 

1 
0001 

2 
0010 

3 
0011 

4 
QllXL 

·5 
.1)101 

S 
0110 

, 7 
.JIlll, 

8 
lO!I!L 

9 
1001 

A 
.JlI1lL 

B 
1011 

C 
1100 

o 
lJOl 

E 
1110 

F 
1111 

Bit MMiPiiIetioil 1 Br .... ch Reed/Modify/Write 
~" ,~,] BEL -Ollt INH INH 1---.-00 

o 1 2 3 " 5 6 aaoo 0001 0010 0011 0100 0101 0110 

31 31 NEGA NEGX NEG 
1 INH llNH 2 Ixl I I 

~ I ~ I 31 
1 

BRSETO BSETO BRA NEG 
3 BlB 2 Bse 2 RR 2 OIR 

I 
BRCLRo51 ~CLRO 51 BRN 

3 8TB 2 BSe 2 REL 

~~31 I" BRSET1 BSETl BHI MUL 
3 T sse 2 RH 1 INH 

51 51 31 51 3 
1 

BRCLRl BCLRl BLS' I COM COMA 
3 BlB 2 Bse 2 REL 2 OIR 1 INti 

31 6 COMX COM 
1 INH 2 IXl I 1 

51 :l '--~ - 51 3 

Li
BRSET2 B,SET2 BCC LSR ,LSRA 

BTB 2 _ sse .2 . .2 ......oTR 1. INH 
31 LSRX LSR 

1 INn 2 IXI I 1 

I 
BRCLR2

5 I BCLR2 51 " BCS 
3 ' BlB 2 " sse 12 I\EL "G ~~ '-:r '-3[--- 3[ 1; BRSET3 BSET3 BNE ROR RORA RORX ROR 

I 3 BlB 2 ' Bse 2 REL 2 DIR 1 INH 1 INH 2 IX 1 I 1 

51 ':l -j3 '51' 31 31 
I 

BRCLR3 BeLR3 BEQ ,ASR ,ASRA ASRX ASR 
3 BlB 2 Bse 2 R 2 ----.IlIR 1 INH' 1 INH 2 IX 1 I 1 

~ :1 -- 31- sJ -3[-- ":r: -6 
,_B"R,SET4 ,BSET4 BH, CC LSL, LSLA LSLX LSL 
u. ---.lISe .l.__ RfL 2 _DIR 1 IN!:i ' 1 INH 2 IXI I I 51' :1"" '-31- ':\~' ~~-6 BRCLR4 BCLR4 BHCS ROL ROLA' ROLX ROL 
I 3 BlB 2 Bse 2 REL 2 DIR 1 INH 1 INH 2 IX 1 I 1 

I BRSET5
5 I BSET5 'j~ BPL 31 ~EC "T-, DE~-':;31' ~ECX 3 r- DEC 

3 BTB 2 ---.llSC.~. REJ...L ----'lIR 1 INH 1 INH 2 IXI I I 

I 
BRCLR~T;cLR5--or BMI 

3 ' BTB 1 2 D' Bse h REL 

BRSETs
51 BSET6 51 BMC 31 INC 5T 'N~31-;cx 3 

I 3 BTB 2 Bse 2 REL I 2 _ OIR 1 1 INH I 1 INH I 2 
INC 

IXI I 1 51 51 ~ J-3G~ I _BRCLRS BCLRS BMS TST T,STA TSTX 
LL IIIB. 2 Bse 2 R ......D!!L L INti 1 INH I 2 

TST 
IXI I 1 51 - 5, -3 

I 
BRSET7 BSET7 BIL 

3 BTB 2 Bse 2 REI 

51 51' 31 51 31 ~ BRCLR7 BCLR7 BIH CLR CLRA CLRX 
3 BTB 2 Bse 2 REL 2 OIR 1 INH 1 INH I 2 

CLR 
IXI I 1 

AbbrNetionI for Add .... Modes 

INH 
A 
X 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 

IX' 
IX2 

Inherent 
Accumulator 
Index Register 
Immediate 
Direct 
Extended 
Relative 
Bit Setl Clear 
Bit Test and Branch 
Indexed INo Offset) 
Indexed. , Byte IB-Bid Offset 
Indexed. 2 Byte I16-Bit) Offset 

IX 
7 

0111 

NEG 

COM 

LSR 

ROR 

ASR 

LSL 

ROL 

DEC 

INC 

TST 

IX I 1 

Control R8IIiater/Memorv 
INH I I~H IMM I DIR EXT--I IXl 1X1 

8 9 
1:';-1 ----;:'lr lfoo-I ~ -1~0 1000 1001 

RTI 
INH 

RTS 
INH 

·10 
SWI 

INH 

'2 
STOP 

INH 

SUB SUB SUB SUB SUB 21 - 31-- 41 51 
12 IMM 2 OIR 3 EXT 3 'Jl(L 2 --'----1lC..l I 1 

21 :-r:- ~I ~ 51 CMP CMP CMP CMp· CMP 
2, IMM 2 OIR 3 EXT 3 IX2 2 IXI I I 

21 u 31 41 :r- 4 SBC SBC SBC SBC SBC LL IMM 2 OIR 3 EXT 3 IX2 2 IXl I 1 

21 - 31" 41 ~~ CPX CPX 'CPX CPX CPX' 
2 ' IMM 2 OIR 3 EXT 3 1.x2 2 IX 1 I 1 

AND AND AND AND AND 21 31'~ ~ 4 
12 IMM 2 OIH 3 " EXT 3 IX2 2 IXl I 1 

BIT BIT BIT BIT BIT 21 JI l~-T, 4 
12_IMM 2. .D1R 3 _ . .EXT IX2 2 IXI 

LOA LOA LOA 'LOA LOA 21 --'~'~ - 51 
12 IMM 2 OIR 3' EXT 3 IX2 2 IXl I 1 - 2['- -[-X~ ---6[ TAX STA STA STA STA 

INH 2 OIR 3' EXT 3 IX2 '2 IXl I 1 W 21 '31 ~U_~ ,'4 CLC EOR EOR ,EOR EOR EOR 
2 _ IMM 2 DIR 3 EXT ....J. IX '2 IXl I 1 

21 21 -X'~ --51- " SEC ADC ADC ADC ADC ADC 
INH 2 IMM 2 OIR 3 EXT 3 IX2 2 IXI I 1 

CLI ORA ORA ORA ORA ORA 21 21 3 I 41 51 4 
INH 2 IMM 2 OIR 1 3 EXT 3 IX2 2 IX 1 I 1 2[ '21 -- 31- 41 ,51' 4 SEI ADD ADD ADD ADD ADD 
INH IMM 2 OIR 3 EXT 3 IX2 2 IXl I 1 

21 I' 21 31 41 3 RSP JMP JMP. JMP . JMP 
INH 2 OIR 3 IXT 3 IX2 2 IXl I 1 

2[ "I - .5T-:- --:1'- 71-T NOP . BSR JSR JSR· JSR JSR 
INH 2 REL 2 OIR 3 EXT 3 IX2 2 IXI I 1 

21 31 41 51 LOX LOX LOX LOX LOX 
2 IMM 2 OIR 3 EXT 3 IX2 2 IXl I 1 

IX 
f 

1111 

SUB 
JlL 

CMP 
IX 

SBC 
IX 

CPX' 

AND 
IX 

BIT 
IX 

LOA 
IX' 

STA 
IX 

EOR 
IX 

ADC 
IX 

ORA 
IX 

ADD 
IX 

JMP 
IX 

JSR 

LOX 

~ 
o 
~ 

1 
0001 

2 
0010 

3 
..tID 1 

4· 
0100 

5 
0101 

S 
.Qll0 

7 
0111 

8 
1000 

9 
1001 

A 
1010 

B 
1011 

C· 
1100 

o 
1101 

E 
1110 

'I 2 CLR ' WAIT TXA 
INH 

STX STX STX STX 41 51 61 STX F 
1111 IX 1 INH 11 OIR 3 EXT 3 IX2 2 IX1'1 1 

LEGEND 

4! I :> Opcode in Hexadecimal 

Mnemonic ~. ~ l ;..:i 
Bytes . 1 I}I. WUO --

J 

Opcode in Binary 

Cycles ______ ..J 
" AddreSS M9de 

s: 
(') 

m 
::t 
(') 
o 
U'I 
Q 
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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 it and only if, the branch conditions are true. 
Otherwiseicontrol 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 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 
thebeginning 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 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BITOFFSET 
In the indexed, 16-bit offset addressing mode, the ef­

fective address is the sum ofthe contents ofthe unsigned 

8"bitindex 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/O, 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. 
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ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS (Voltages referenced to VSS) 

, Rating Symbol Value 

Supply Voltage .,VDD -0.3 to +7.0 

Input Voltage Yin VSS -0.3 to 
VDD +0.3 

Self-Check Mode (IRQ Pin Only) Yin VSS-0.3 to 
2xVDD+0.3 

Current Drain Per Pi.n Excluding I 25 
VDD and VSS 

Operating Temperature Range TA TL to TH 
MC68HC05C8P, FN o to + 70 
MC68HC05C8CP, CFN -40 to .+85 
MC68HC05C8VP, VFN -40 to +105 
MC68HC05C8MP, MFN -40 to +125 

Storage Temperature Range Tstg -65 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance IIJA 
Plastic 60 
Plastic Leaded Chip Carrier (PLCC) 70 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J' in °C can 
be obtained from: 

where: 
TA 
6JA 

Po 
PINT 
PliO 

TJ=TA + (PO 0 6JA) (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
= PINT+PIIO 
:;= ICCxVCC' Watts - Chip Internal Power 
= Power Oissipation on Input and Output 

Pins - User Oetermined 

VDD=4.5 V 

Pins R1 R2 C 

PAO-PA7, 3.26 kD 2.38 kD 50 pF 
PBO-PB7, 
PCO-PC7, 
PD1-PD4 

PDO,PD5,PD7 1.9 kD 2.26 kD 200 pF 

VDD=3.0 V 

Pins R1 R2 C 

PAO-PA7, 10.91 kD 50 pF 
PBO-PB7, 6.32 kD 
PCO-PC7, 
PD1-PD4 

PDO,PD5,PD7 6 kD 6 kD 200 pF 

Unit 

V 

V 

V 

mA 

°C 

°C 

Unit 

°CIW 

This device contains circuitry to protect the in­
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor­
mal precautions"be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper­
ation, it is recommended that Yin and Vout be 
constrained to the range VSS "" (Vin or Vout) "" 
VDD., Reliability of operation is enhanced if un­
used inputs are connected to an appropriate logic 
voltage level (e.g., either VSS or VDD). 

For most applications PIIO<PINT and can be neglected. 
The following is an approximate relationship between 

Po and TJ (if PliO is neglected): 
PO=K-i-(TJ+273°C) , (2) 

Solving equations (1) and (2) for K gives: 
K = Po 0 (T A + 273°C) + 6JAoP0 2 (3) 

where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known T A. Using this value of K, 
the values of Po and T J ~an be obtained by solving equa­
tions (1) and (2) iteratively for any value of T A 

C 
(See 

Table) 

Voo 

R2 
(See Tablel 

Rl 
(See Tablel 

Figure 18. Equivalent Test Load 
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DC ELECTRICAL CHARACTERISTICS 
(VOO=5.0 Vdc±10%, VSS=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad":;10.0 J.l-A VOL - - 0.1 V 

VOH VOO-0.1 - -

Output High Voltage VOH V 
(lLoad =0.8 mAl PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) VOO-0.8 - -
(lLoad = 1.6 mAl P01-P04 (see Figure 20) VOO-0.8 - -

Output Low Voltage (see Figure 21) VOL - - 0.4 V 
(lLoad=1.6 mAl PAO-PA7, PBO-PB7, PCO-PC7, P01-P04, TCMP 

Input High Voltage - VIH 0.7xVOO - VOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSC1 

Input Low Voltage VIL VSS - 0.2xVOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSC1 

Oata Retention Mode (0° to 70°C) VRM 2.0 - - V 

Supply Current (see Notes) 100 
Run (see Figures 22 and 23) - 3;5 7.0 mA 
Wait (see Figures 22 and 23) - 1.6 4.0 mA 
Stop (see Figure 23) 

25°C - 2.0 50 J.l-A 
0° to 70°C (Standard) - - 140 J.l-A 
- 40° to + 85°C - - 180 !LA 
- 40° to + 125°C - - 250 !LA 

1/0 Ports Hi-Z Leakage Current IlL - - ±10 !LA 
PAO-PA7, PBO-PB7, PCO-PC7, P01-P04 

Input Current lin - - ±1 J.l-A 
RESET, IRQ, TCAP, OSC1, POO, P05, P07 

Capacitance pF 
Ports (a§Jnput or Output) Cout - - 12 
RESET, IRQ, TCAP, POO-P05, P07 Cin - - 8 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait 100: Only timer system active (SPE=TE= RE=O). If SPI, SCI active (SPE =TE = RE= 1) add 10% current draw. 
4. Run (Operating) 100, Wait 100: 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, CL = 20 pF on OSC2. ' 
5. Wait, Stop 100: All ports configured as inputs, VIL =0.2 V, VIH=VOO-0.2 V. 
6. Stop 100 measured with OSC1 = VSS. 
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 100 is affected linearly by the OSC2 capacitance. 
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MC6SHC05CS 

DC ELECTRICAL CHARACTERISTICS 
(VOO=3.3 Vdc±10%, VSS=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage,' ILoad""10.0 !LA VOL - - 0.1 V 
VOH VOO-0.1 - -

Output High Voltage VOH V 
(lLoad=0.2 mAl PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) VOO-0.3 - -
(lLoad=0.4 mAl P01-P04 (see Figure 20) , VOO-0.3 - -

Output Low Voltage (see Figure 21) VOL - - 0.3 V 
(lLoad=0.4 mAl PAO-PA7, PBO-PB7, PCO-PC7, P01-P04, TCMP -

Input High Voltage VIH 0.7xVOO - VOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSC1 

Input Low Voltage VIL VSS - 0.2XVOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSC1 

Data Retention Mode (0" to 70"C) VRM 2.0 - - V 

Supply Current (see Notes) 100 
Run (see Figures 22 and 24) - 1.0 2.5 mA 
Wait (see Figures 22 and 24) - 0.5 1.4 mA 
Stop (see Figure 24) 

25°C - 1.0 30 !LA 
0° to 70°C (Standard) - - 80 !LA 
- 40" to + 85°C - - 120 j.tA 
_40° to + 125°C - - 175 j.tA 

1/0 Ports Hi-Z Leakage Current IlL - - ±10 j.tA 
PAO-PA7, PBO-PB7, PCO-PC7, P01-P04 

Input Current lin - - ±1 j.tA 
RESET, IRQ, TCAP, OSC1, POO, P05, P07 

Capacitance pF 
Ports (a~utor Output) Cout - - 12 
RESET, IRQ, TCAP, POO-P05, P07 " Cin - - 8 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait 100: Only timer system active (SPE=TE=RE=O). If SPI, SCI active (SPE=;TE=RE= 1) add 10% current draw. 
4, Run (Operating) 100, Wait 100: 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, CL = 20 pF on OSC2. 
5. Wait, Stop 100: All ports configured as inputs, VIL =0.2V, VIH=VOO-0.2 V" 
6. Stop 100 measured with OSC1 = VSS. 
7. Sta,ndard 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 100 is affected linearly by the OSC2 capacitance. 
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Figure 19. TYPical VOH vs IOH for Ports A, B, C, and TCMP 
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Figure 20. Typical VOH vs IOH for PD1·PD4 Figure 21. Typical VOL vs IOL for All Ports 
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Figure 23. Maximum 100 vs Frequency for VOO = 5.0 Vdc 
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Figure 24. Maximum 100 vs Frequency for VOO = 3.3 Vdc 
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MC68HC05C8 

CONTROL TIMING 
(VOO=5.0 Vdc±10%, VSS=o VCtc, TA=TL to TH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option ! - 4.2 
External Clock Option dc 4.2 

Internal Operating Frequency fop MHz 
Crystal (fosc+2) - 2.1 
External Clock (fosc+2) dc 2.1 

Cycle Time (see Figure 28) tcvc 480 - ns 

Crystal Oscillator Startup Time (see Figure 28) toxOV - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) tlLCH - 100 ms 

RESET Pulse Width (see Figure 28) tRL 1.5 - tCYC 
'" Timer 

Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 26) tTH, trL 125 - ns 
Input Capture Pulse Period (se~ Figure 26) trLTL *** - tcvc 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tiLlH 125 - ns 

Interrupt Pulse Period (see Figure 8) tlLlL * - tcvc 

OSCl Pulse Width tOH, tOL 90 - ns 
'" 

*The minimum period tlLlL should, not be less than the. number of cycle times it takes to execute the interrupt service routine plus 
21 tcyc' 

**Since a 2-bit prescaler in the timer must count four. internal. cycles (tcyel, this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period trL TL should not' be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc' 

OSC" ~ZZZZZZOZZZ! ZZZZZZZZZZI 
tRL ' '. 

IRQ3 

Internal 
Clock ________ ....... ___ --' 

Internal _ ........................ """' ... 
Address 
Bus~~~~~~~~~ 

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

Figure 25. Stop Recovery nming Diagram 
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MC68HC05C8 ' 

CONTROL TIMING 
(VOO=3.3 Vdc±0.3 Vdc, VSS=O Vdc, TA=TL to TH) 

, Characteristic Symbol Min Max Unit 

, Frequency of Operation fosc MHz 
Crystal Option - 2.0 
External Clock Option dc 2.0 

Internal Operating Frequency fop ·MHz 
Crystal (fosc + 2) - 1.0 
External Clock (fosc+2) dc 1.0 

Cycle Time (see Figure 28) tCYC 1000 - ns 

Crystal Oscillator Startup Time (see Figure 28) toxOV - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) tlLCH - 1,00, ms,: 

RESET Pulse Width - Excluding Power-Up (see Figure 28) tRL 1.5 - tcvc 

Timer 
Resolution** tRESL 4.0" - tcyc' 
Input Capture Pulse Width (see Figure 26) trH, trL 250 - ,', ns 
Input Capture Pulse Period (see Figure 26), trLTL *** - tcvc 

~~" 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tlLlH 250 - ns 

Interrupt Pulse Period (see Figure 8) tlLlL * - tcvc 

OSCl Pulse Width tOH, tOL 20Q ~ " 
- ns 

*The minimum period tlLlL should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 tcyc. ' 

**Since a 2-bit prescaler in the timer must count four internal cycles (tcyd, this is the limiting minimum .factor in determining the 
timer resolution. 

***The minimum period trL TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc. . 

Figure 26. Timer Relationships' 
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MC68HC05C8 

SERIAL PERIPHERAL INTERFACE (SPI) nMING 
(VOO=5.0 Vdc±10%, VSS=o Vdc, TA=TL to TH) (see Figure 27) 

Num. Ch .... cteristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

.3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5. Clock (SCK) Low TIme 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold TIme (Inputs) 
Master 
Slave 

8 Access TIme (Time to Data Active from High-Impedance State) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% VOO to 70% VOO, CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO.L 
SPI Inputs (SCK, MOSI, MISO, and SS) 

13 Fall Time (70% VOO to 20% VOO, CL = 200pF) 
SPI Outputs (SCK, MOSI, and MISO.L 
SPI Inputs (SCK, MOSI, MISO, and SS) 

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

Symbol 

fop(m) 
fOM~ 

tcyc(m) 
t~vc(s) 

tlead(m) 
tleacHs) 

tlag(m) 
tIIlQ(s)' 

tw(SCKH)m 
twjSCKHls 

tw(SCKL)m 
tw(SCKLts 

tsu(m) 
tsuJs) 

th(m) 
thIs) 

ta 

tdis 

tv(m) 
tv(s) 

tho(m) 
tho(s) 

trm 
trs 

tfm 
tfs 

MOTOROLA MICROPROCESSOR DATA,' 
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Min Max Unit 

dc 0.5 fop 
dc 2.1 MHz 

2.0 - tcyc 
480 - ns,· 

* - ns 
240 - ns 

* - ns 
240 - ns 

340 - ns 
190 - ns 

340 - ns 
190 - ns 

100 - ns 
100 - ns 

100 - ns 
100 - ns 

0 120 ns 

- 240 ns 

0.25 - tcyc(m) 
- 240 ns 

0.25 - tcyc(m) 
0 - ns 

- 100 ns 
- 2.0 fJ.s 

- 100 ns 
- 2.0 fJ.S 



MC68HC05C8 

SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(VDD=3.3 Vdc±0.3 Vdc, VSS=O Vdc, TA=TL to TH) (see Figure 27) 

Num. Characteristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to Data Active from High-Impedance State) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% VDD to 70% VDD,CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO.L 
SPI Inputs (SCK, MOSI, MISO, and SS) 

13 Fall Time (70% VDD to 20% VDD, CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO.L 
SPI Inputs (SCK, MOSI, MISO, and SS) 

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

Symbol 

fop(m) 
fools) 

tcyc(m) 
tCyc(M 

tlead(m) 
tlead1sJ 

tlag(m) 
tlag(s) 

tw(SCKH)m 
tw(SCKH)s 

tw(SCKL)m 
tw(SCKL)s 

tsu(m) 
tsu(s) 

th(m) 
thIs) 

ta 

tdis 

tv(m) 
tv(s) 

tho(m) 
tho(s) 

trm 
trs 

tfm 
tfs 
, 
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Min Max Unit 

dc 0.5 fop 
dc 1.0 MHz 

2.0 - tcyc 
1.0 - ,...s 

* - ns 
500 - ns 

* - ns 
500 - ns 

720 - ,...s 
400 - ns 

720 - ,...s 
400 - ns 

200 - ns 
200 - ns II 
200 - ns 
200 - ns 

0 250 ns 

- 500 ns 

0.25 - tcyc(m) 
- 500 ns 

0.25 - tcyc(m) 
.0 - ns 

- 200 ns 
- 2.0 ,...s 

- 200 ns 
- 2.0 f.I.S 
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§I 
(INPUT) 

• II HIId HIgh on Miller 

MC68HC05C8 

SCK (CPOL-O) 
(OUTPUT) --....;.;,;;;..;..;;;..p---"IL~ 

SCK (CPOl..1) 
(OUTPUT) 

MISO 
(INPUT) 

MOSI 
(OUTPUT) 

NOTE: This first clock edgI II gtnIt'lIed mernally but is nat seen lithe SCK pin. 

a) SPI MASTER TIMING (CPHA = 0) 

§I 
(INPUT) 

.Is HIId H'Jgh on Master • 

SCK (CPOL.O) 
(OUTPUT) . ___ __ 

SCK (CPOL.1) 
(OUTPUT) 

MISO 
(INPUT) 

MOSI 
(OUTPUT) 

NOTE: This last clock edge Is generated intemally.bul is nat seen lithe SCK pin. 

b) SPI MASTER TIMING (CPHA = 1) 

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

SCK (CPOL-1) 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

MC68HC05C8 

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

55 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

c) SPI SLAVE TIMING (CPHA = 01 

NOTE: Not defined but normally LSB of cha\'3CI8f previously 1ransmil1ed. 

d) SPI SLAVE TIMING (CPHA= 1) 

Figure 27. SPI Timing Diagrams (Sheet 2 of 2) 
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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 contactthe 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 5 114 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 $1 EFF with vectors from $1 FF4 to $1 FFF. 
All unused bytes, including the user's space, mu~t 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 

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

$0004 through $OOOF. 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. 

$0020 

xxx = Customer 10 
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 II 
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
pos~ 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 Me Order Number 

Plastic O°C to + 70°C MC68HC05C8P 
(P Suffix) - 40°C to + 85°C MC68HC05C8CP 

-40° to + 105°C MC68HC05C8VP 
- 40°C to + 125°C MC68HC05C8MP 

PLCC O°C to + 70°C MC68HC05C8FN 
(FN Suffix) -40°C to +85°C MC68HC05C8CFN 

- 40°C to + 105°C MC68HC05C8VFN 
- 40°C to + 125°C MC68HC05C8M FN 

IBM is a registered trademark of International Business Machines Corporation. 
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PA4 
PA3 
PA2 

,PAl 
PAO 
PBO 
PBl 
PB2 
PB3 
PB4 

MC68HC05C8 

PIN ASSIGNMENTS 

40-PIN DUAl-IN-LiNE PACKAGE 

VDD 

IRQ OSCl 

NC OSC2 

TCAP 

PD7 

TCMP 

PD5/SS 

PD4/SCK 

PD3/MOSI 

PAl PD2/MISO 

PAO PD1/TOO 

PBO PDO/RDI 

PBl PCO 

PB2 PCl 

PB3 PC2 

PB4 PC3 

PB5 PC4 

'PB6 PC5 

PB7 PC6 

VSS PC7 

44-lEAD PlCC PACKAGE 

COl' cnouu« 'It.; ~ N Cl-
««uulli1UJ ocncnuu Cl-Cl-ZZ_a::>oOt-Z 

PD7 
TCMP 
PD5/SS 
PD4/SCK 
PD3/MOSI 
PD2iMISO 
PD1/TOO 
Pno/RDI 
P<-O 
PCl 
PC2 

NOTE: Bulk substrate tied to VSS. 
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