
































































































































5.3 Reset and Interrupt Priority 
Resets and interrupts have a hardware priority that determines which reset or 
interrupt is serviced first when simultaneous requests occur. Any maskable 
interrupt can be given priority over other maskable interrupts. 

The first six interrupt sources are not maskable. The priority arrangement for 
these sources is as follows: 

1. POR or RESET pin 
2. Clock monitor reset 
3. COP watchdog reset 
4. XIRQ interrupt 
5. Illegal opcode interrupt 
6. Software interrupt (SWI) 

The maskable interrupt sources have the following priority arrangement: 

1. Timer overflow 
2. Pulse accumulator overflow 
3. Pulse accumulator input edge 
4. SPI transfer complete 
5. SCI system 
6. IRQ 
7. Real-time interrupt 
8. Timer input capture 1 
9. Timer input capture 2 
10. Timer input capture 3 
11. Timer output compare 1 
12. Timer output compare 2 
13. Timer output compare 3 
14. Timer output compare 4 
15. Timer input capture 4/0utput compare 5 

Anyone of these interrupts can be assigned the highest maskable interrupt 
priority by writing the appropriate value to the PSEL bits in the HPRIO register. 
Otherwise, the priority arrangement remains the same. An interrupt that is 
assigned highest priority is still subject to global masking by the I bit in the CCR, 
or by any associated local bits. Interrupt vectors are not affected by priority 
assignment. To avoid race conditions, HPRIO can only be written while I-bit 
interrupts are inhibited. 
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5.3.1 Highest Priority Interrupt and Miscellaneous Register 

HPRIO - Highest Priority I-Bit Interrupt and Miscellaneous $103C 

B~7 6 5 4 3 2 1 Bit 0 

I RBOOT I SMOD I MDA I IRV I PSEL3 I PSEL2 I PSEL 1 PSELO I 
RESET: o o 

The values of the RBOOT, SMOD, IRV, and MDA reset bits depend on the mode 
during initialization. Refer to Table 4-2. 

RBOOT - Read Bootstrap ROM 
Has meaning only when the SMOD bit is a one (special bootstrap mode or special 
test mode). At all other times this bit is clear and cannot be written. Refer to 
SECTION 4 OPERATING MODES AND ON·CHIP MEMORY for more 
information. 

SMOD - Special Mode Select 
This bit reflects the inverse of the MODB input pin at the rising edge of reset. Refer 
to SECTION 4 OPERATING MODES AND ON·CHIP MEMORY for more 
information. 

MDA - Mode Select A 
The mode select A bit reflects the status of the MODA input pin at the rising edge of 
reset. Refer to SECTION 4 OPERATING MODES AND ON·CHIP MEMORY 
for more information. 

IRVNE - Internal Read Visibility/Not E 
The IRVNE control bit allows internal read accesses to be available on the external 
data bus during factory testing or emulation. Refer to SECTION 4 OPERATING 
MODES AND ON·CHIP MEMORY for more information. 
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PSEL[3:0] - Priority Select Bits 
These bits select one interrupt source to be elevated above all other I-bit-related 
sources and can be written to only while bit I in the CCR is set (interrupts 
disabled). 
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Table 5-3. Highest Priority Interrupt Selection 

PSEL[3:0] Interrupt Source Promoted 

0000 Timer Overflow 

0001 Pulse Accumulator Overflow 

0010 Pulse Accumulator Input Edge 

0011 SPI Serial Transfer Complete 

0100 SCI Serial System 

0101 Reserved (Default to IRQ) 

0110 IRQ (External Pin or Parallel 1/0) 

01 11 Real-Time Interrupt 

1000 Timer Input Capture 1 

1001 Timer Input Capture 2 

1010 Timer Input Capture 3 

1 011 Timer Output Compare 1 

1100 Timer Output Compare 2 

1101 Timer Output Compare 3 

11 10 Timer Output Compare 4 

1 1 11 Timer Input Capture 410utput Compare 5 
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5.4 Interrupts 

The MCU has 18 interrupt vectors that support 23 interrupt sources. The 15 
maskable interrupts are generated by on-chip peripheral systems. These 
interrupts are recognized when the global interrupt mask bit (I) in the condition 
code register (CCR) is clear. The three nonmaskable interrupt sources are 
illegal opcode trap, software interrupt, and XIRQ pin. Refer to Table 5-4, which 
shows the interrupt sources and vector assignments for each source. 

Table 5-4. Interrupt and Reset Vector Assignments 

Vector Address 

FFCO, C1 - FFD4, DS 

FFD6, D7 

FFD8,D9 

FFDA, DB 

FFDC,DD 

FFDE,DF 

FFEO, E1 

FFE2, E3 

FFE4,ES 

FFE6, E7 

FFE8, E9 

FFEA,EB 

FFEC, ED 

FFEE,EF 

FFFO, F1 

FFF2,F3 

FFF4,FS 

FFF6, F7 

FFF8, F9 

FFFA,FB 

FFFC,FD 

FFFE,FF 

MC68HC11E9 
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Interrupt Source 

Reserved 

SCI Serial System 

• SCI Transmit Complete 

• SCI Transmit Data Register Empty 

• SCI Idle li ne Detect 

• SCI Receiver Overrun 

• SCI Receive Data Register Full 

SPI Serial Transfer Complete 

Pulse Accumulator Input Edge 

Pulse Accumulator Overflow 

Timer Overflow 

Timer Input Capture 4/0utput Compare S 

TImer Output Compare 4 

TImer Output Compare 3 

Timer Output Compare 2 

Timer Output Compare 1 

Timer Input Capture 3 

Timer Input Capture 2 

Timer Input Capture 1 

Real· Time Interrupt 

Parallel 110 Handshake 

IRQ (External Pin) 

XIRQ Pin 

Software Interrupt 

Illegal Opcode Trap 

COP Failure 

COP Clock Monitor Fail 

RESET 

RESETS AND INTERRUPTS 

CCR 
Mask Bit 

-
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

X 

None 

None 

None 

None 

None 

Local 
Mask 

-

TCIE 

TIE 

ILIE 

RIE 

RIE 

SPIE 

PAil 

PAOVI 

TOI 

14/0S1 

OC41 

OC31 

OC21 

OC11 

IC31 

IC21 

IC11 

RTII 

STAI 

None 

None 

None 

None 

NOCOP 

CME 

None 
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5.4.1 Interrupt Recognition and Register Stacking 

An interrupt can be recognized at any time after it is enabled by its local mask, if 
any, and by the global mask bit in the CCA. Once an interrupt source is 
recognized, the CPU responds at the completion of the instruction being 
executed. Interrupt latency varies according to the number of cycles required to 
complete the current instruction. When the CPU begins to service an interrupt, 
the contents of the CPU registers are pushed onto the stack in the order shown 
in Table 5-5. After the CCR value is stacked, the I bit and the X bit, if XIRQ is 
pending, are set to inhibit further interrupts. The interrupt vector for the highest 
priority pending source is fetched, and execution continues at the address 
specified by the vector. At the end of the interrupt service routine, the return 
from interrupt instruction is executed and the saved registers are pulled from the 
stack in reverse order so that normal program execution can resume. Refer to 
SECTION 3 CENTRAL PROCESSING UNIT for further information. 

Table 5-5. Stacking Order on Entry to Interrupts 

Memory Location CPU Registers 

SP PCl 

SP-1 PCH 

SP-2 IYl 

SP-3 IYH 

SP-4 IXl 

SP-5 IXH 

SP-6 ACCA 

SP-7 ACCS 

SP-8 CCR 

5.4.2 Nonmaskable Interrupt Request (XIRQ) 

Nonmaskable interrupts are useful because they can always interrupt CPU 
operations. The most common use for such an interrupt is for serious system 
problems, such as program runaway or power failure. The XIRQ input is an 
updated version of the nonmaskable NMI input of earlier MCUs. 

Upon reset, both the X bit and I bit of the CCR are set to inhibit all maskable 
interrupts and XIRQ. After minimum system initialization, software can clear the 
X bit by a TAP instruction, enabling XIRQ interrupts. Thereafter, software cannot 
set the X bit. Thus, an XIRQ interrupt is a nonmaskable interrupt. Because the 
operation of the I-bit-related interrupt structure has no effect on the X bit, the 
internal XIRQ pin remains non masked. In the interrupt priority logic, the XIRQ 
interrupt has a higher priority than any source that is maskable by the I bit. All 
I-bit-related interrupts operate normally with their own priority relationship. 

MOTOROLA 

5-12 
RESETS AND INTERRUPTS MC68HC11E9 

TECHNICAL DATA 



When an I-bit-related interrupt occurs, the I bit is automatically set by hardware 
after stacking the CCR byte. The X bit is not affected. When an X-bit-related 
interrupt occurs, both the X and I bits are automatically set by hardware after 
stacking the CCR. A return from interrupt instruction restores the X and I bits to 
their pre-interrupt request state. 

5.4.3 Illegal Opcode Trap 

Because not all possible opcodes or opcode sequences are defined, the MCU 
includes an illegal opcode detection circuit, which generates an interrupt 
request. When an illegal opcode is detected and the interrupt is recognized, the 
current value of the program counter is stacked. After interrupt service is 
complete, reinitialize the stack pointer so repeated execution of illegal opcodes 
does not cause stack underflow. Left uninitialized, the illegal opcode vector can 
point to a memory location that contains an illegal opcode. This condition 
causes an infinite loop that causes stack underflow. The stack grows until the 
system crashes. 

The illegal opcode trap mechanism works for all unimplemented opcodes on all 
four opcode map pages. The address stacked as the return address for the 
illegal opcode interrupt is the address of the first byte of the illegal opcode. 
Otherwise, it would be almost impossible to determine whether the illegal 
opcode had been one or two bytes. The stacked return address can be used as 
a pointer to the illegal opcode so the illegal opcode service routine can 
evaluate the offending opcode. 

5.4.4 Software Interrupt 
SWI is an instruction, and thus cannot be interrupted until complete. SWI is not 
inhibited by the global mask bits in the CCR. Because execution of SWI sets 
the I mask bit, once an SWI interrupt begins, other interrupts are inhibited until 
SWI is complete, or until user software clears the I bit in the CCR. 

5.4.5 Maskable Interrupts 

The maskable interrupt structure of the MCU can be extended to include 
additional external interrupt sources through the IRQ pin. The default 
configuration of this pin is a low-level sensitive wired-OR network. When an 
event triggers an interrupt, a software accessible interrupt flag is set. When 
enabled, this flag causes a constant request for interrupt service. After the flag 
is cleared, the service request is released. 

5.4.6 Reset and Interrupt Processing 

Figures 5-1 and 5-2 illustrate the reset and interrupt process. Figure 5-1 
illustrates how the CPU begins from a reset and how interrupt detection relates 
to normal opcode fetches. Figure 5-2 is an expansion of a block in Figure 5-1 
and illustrates interrupt priorities. Figure 5-3 shows the resolution of interrupt 
sources within the SCI subsystem. 
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HIGHEST 

LOAD PROGRAM COUNTER 
WITH CONTENTS OF 

$FFFE, FFFF (VECTOR FETCH) 

=====----

YES 

PRIORITY 

ctOa< ""',,"" '.L::::-------- "'''''''' (WITH CME = 1) 

LOAD PROGRAM COUNTER 
WITH CONTENTS OF 

$FFFC, FFFD (VECTOR FETCH) 

SET S, X, AND I BITS 
INCCR 

RESETMCU 
HARDWARE 

NO 

1B 

COP WATCHDOG 
TIMEOUT 

(WITH NOCOP = 0) 

LOAD PROGRAM COUNTER 
WITH CONTENTS OF 

$FFF A, FFFB (VECTOR FETCH) 

STACK CPU 
REGISTERS 

SET X AND I BITS 

FETCH VECTOR 
$FFE4, FFE5 

Figure 5-1. Processing Flow out of Reset (1 of 2) 
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STACK CPU 
REGISTERS 

SET X AND I BITS 
FETCH VECTOR 

$FFEB, FFE9 

STACK CPU 
REGISTERS 

SET X AND I BITS 
FETCH VECTOR 

$FFE6, FFE7 

START NEXT 
INSTRUCTION 

SEQUENCE 

STACK CPU 
REGISTERS 

Figure 5-1. Processing Flow out of Reset (2 of 2) 
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SET X BIT IN CCR 
FETCH VECTOR 

$FFF4, FFF5 

FETCH VECTOR 

Figure 5-2. Interrupt Priority Resolution (1 of 2) 
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FETCH VECTOR 
$FFE6, FFE7 

FETCH VECTOR 
$FFE4, FFE5 

FETCH VECTOR 
$FFE2, FFE3 

FETCH VECTOR 
$FFEO, FFE1 

FETCH VECTOR 
$FFDE, FFDF 

FETCH VECTOR 
$FFDC, FFDD 

FETCH VECTOR 
$FFDA, FFDB 

FETCH VECTOR 
$FFDB, FFD9 

FETCH VECTOR 
$FFD6, FFD7 

FETCH VECTOR 
$FFF2, FFF3 

Figure 5-2. Interrupt Priority Resolution (2 of 2) 
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Figure 5-3. Interrupt Source Resolution Within SCI 

5.5 Low Power Operation 

Both STOP and WAIT suspend CPU operation until a reset or interrupt occurs. 
The WAIT condition suspends processing and reduces power consumption to 
an intermediate level. The STOP condition turns off all on-chip clocks and 
reduces power consumption to an absolute minimum while retaining the 
contents of all 512 bytes of RAM. 
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5.5.1 WAIT 

The WAI opcode places the MCU in the WAIT condition, during which the CPU 
registers are stacked and CPU processing is suspended until a qualified 
interrupt is detected. The interrupt can be an external IRQ, an XIRQ, or any of 
the internally generated interrupts, such as the timer or serial interrupts. The 
on-Chip crystal oscillator remains active throughout the WAIT standby period. 

The reduction of power in the WAIT condition depends on how many internal 
clock signals driving on-Chip peripheral functions can be shut down. The CPU 
is always shut down during WAIT. While in the wait state, the address/data bus 
repeatedly runs read cycles to the address where the CCR contents were 
stacked. The MPU leaves the wait state when it senses any interrupt that has 
not been masked. 

The free-running timer system is shut down only if the I bit is set to one and the 
COP system is disabled by NOCOP being set to one. Several other systems 
can also be in a reduced power consumption state depending on the state of 
software-controlled configuration control bits. Power consumption by the 
analog-to-digital (AID) converter is not affected significantly by the WAIT 
condition. However, the AID converter current can be eliminated by writing the 
ADPU bit to zero. The SPI system is enabled or disabled by the SPE control bit. 
The SCI transmitter is enabled or disabled by the TE bit, and the SCI receiver is 
enabled or disabled by the RE bit. Therefore the power consumption in WAIT is 
dependent on the particular application. 

5.5.2 STOP 

Executing the STOP instruction while the S bit in the CCR is equal to zero 
places the MCU in the STOP condition. If the S bit is not zero, the STOP 
opcode is treated as a no-op (NOP). The STOP condition offers minimum 
power consumption because all clocks, including the crystal oscillator, are 
stopped while in this mode. To exit STOP and resume normal processing, a 
logic low level must be applied to one of the external interrupts (IRQ or XIRQ) or 
to the RESET pin. A pending edge-triggered IRQ can also bring the CPU out of 
STOP. 

Because all clocks are stopped in this mode, all internal peripheral functions 
also stop. The data in the internal RAM is retained as long as VDD power is 
maintained. The CPU state and I/O pin levels are static and are unchanged by 
STOP. Therefore, when an interrupt comes to restart the system, the MCU 
resumes processing as if there were no interruption. If reset is used to restart 
the system a normal reset sequence results in which all I/O pins and functions 
are restored to their initial states. 
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To use the IRQ pin as a means of recovering from STOP, the I bit in the CCR 
must be clear (IRQ not masked). The XIRQ pin can be used to wake up the 
MCU from STOP regardless of the state of the X bit in the CCR, although the 
recovery sequence depends on the state of the X bit. If X is set to zero (XIRQ 
not masked), the MCU starts up, beginning with the stacking sequence leading 
to normal service of the XIRQ request. If X is set to one (XIRQ masked or 
inhibited), then processing continues with the instruction that immediately 
follows the STOP instruction, and no XIRQ interrupt service is requested or 
pending. 

Because the oscillator is stopped in STOP mode, a restart delay may be 
imposed to allow oscillator stabilization upon leaving STOP. If the internal 
oscillator is being used, this delay is required; however, if a stable external 
oscillator is being used, the DL Y control bit can be used to bypass this startup 
delay. The DL Y control bit is set by reset and can be optionally cleared during 
initialization. If the DL Y equal to zero option is used to avoid startup delay on 
recovery from STOP, then reset should not be used as the means of recovering 
from STOP, as this causes DLY to be set again by reset, imposing the restart 
delay. This same delay also applies to power-on-reset, regardless of the state 
of the DL Y control bit, but does not apply to a reset while the clocks are running. 
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SECTION 6 
PARALLEL INPUT/OUTPUT 

The MC68HC11 E9 has 5 I/O ports and up to 38 input/output lines, depending 
on the operating mode. Refer to Table 6-1, which is a summary of the ports and 
their shared functions: 

Table 6-1. Input/Output Ports 

Port Input Output Bidirectional Shared Functions 
Pins Pins Pins 

PortA 3 3 2 Timer 

PortB - 8 - High Order Address 

PortC - - 8 Low Order Address and Data Bus 

Port D - - 6 SCI and SPI 

PortE 8 - - AID Converter 

6.1 Port A 

Port A, which has three input-only pins, three output-only pins, and two 
bidirectional 110 pins, shares functions with the timer system. 

PORTA - Port A Data $1000 

Bit 7 6 5 4 3 2 1 Bit 0 

PA7 PA6 PAS PA4 PA3 PA2 PA1 PAO 

RESET: HiZ 0 0 0 HiZ HiZ HiZ HiZ 

Alt. 
Func: PAl OC2 OC3 0C4 1C4IOC5 IC1 IC2 IC3 

And/or: OC1 OC1 OC1 OC1 OC1 

6.2 Port B 

In the single-chip mode, all port B pins are general-purpose output pins. In the 
expanded multiplexed operating mode, all of the port B pins act as high-order 
[15:8] address output pins. 
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PORTB - Port B Data $1004 

S. Chip 
or Boot: 
RESET: 

Expan. 
or Test: 

RESET: 

Bit 7 6 5 4 3 2 Bit 0 

PB7 I PB6 I PBS I PB4 I PB3 I PB2 I PB1 I PBO I 
PB7 PB6 PBS PB4 PB3 PB2 PB1 PBO 

Reset forces port B pins low 

ADDR1S ADDR14 ADDR13 ADDR12 ADDR11 ADDR10 ADDR9 ADORa 

Reset configures pins as high order address outputs 

NOTE 

In single-chip and bootstrap modes, reset forces port B pins low. 
In expanded and special test modes, reset configures port B pins 
as high order address outputs ADDR[15:8]. 

6.3 Port C 

Port C pins are general-purpose bidirectional pins in single-chip mode, and 
multiplexed address and data pins in expanded mode. During reset the port C 
output register is cleared in single-chip modes. 

PORTC - Port C Data $1003 

Bit 7 S 4 3 2 

PC7 

S.Chip 
or Boot: PC7 PC6 PCS PC4 PC3 PC2 PC1 PCO 

RESET: 0 0 0 0 0 0 0 0 

Expan. ADDR7/ ADDR6/ ADDRS/ ADDR4! ADDR3/ ADDR2I ADDR1/ ADORO/ 
or Test: DATA7 DATA6 DATAS DATA4 OATA3 DATA2 DATA1 DATAO 
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In single-chip and bootstrap modes, port C pins reset to high­
impedance inputs (DDRC bits are cleared to zero). In expanded 
and special test modes, port C pins are a multiplexed 
address/data bus and the port C register address is treated as an 
external memory location. 
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PORTCL - Port C Latched $1005 

B~7 6 5 4 3 2 Bit 0 

I PCl7 I PCl6 I PCLS PCl4 PC13 PCL2 PCl1 PClO 

RESET: u u u u u u u u 

Writes affect port C pins. PORTCL is used in the handshake clearing mechanism. 
When an active edge occurs on the STRA pin, port C data is latched into the 
PORTCL register. 

DDRC - Data Direction Register for Port C 

B~7 6 5 4 3 2 Bit 0 

I DOC7 I DDC6 I DDC5 I DDC4 I DDC3 DDC2 DDC1 DDCO 

RESET: o o o o 

DDC[7:0] - Data Direction for Port C 
0= Input 
1 = Output 

6.4 Port D 

o o o o 

$1007 

In all modes, port 0 bits [S:O] can be used either for general-purpose 1/0, or with 
the SCI and SPI subsystems. During reset, port 0 pins are configured as high­
impedance inputs (DDRD bits cleared to zero). 

PORTD - Port 0 Data $1008 

B~7 6 5 4 3 2 B~O 

0 0 PD5 PD4 PD3 PD2 PD1 PD~ 

RESET: 0 0 0 0 0 0 0 0 

Alt. PD51 PD4I PD31 PD21 PD11 POOl 
Func.: SS SCK MOSI MISO TxD RxD 

DDRD - Data Direction Register for Port 0 $1009 

Bit 7 6 5 4 3 2 Bit 0 

0 0 I DDD5 I DDD4 0000 DDD2 DDD1 DDDO 

RESET: 0 0 0 0 0 0 0 0 

DDD[S:O] - Data Direction for Port 0 
When DDRD bit S is one and MSTR = 1 in SPCR, PDS/SS is a general-purpose 
output and mode fault logic is disabled. 

0= Input 
1 = Output 
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PACTL - Pulse Accumulator Control $1026 

B~? 6 5 4 3 2 B~O 

I DDRA? I PAEN I PAMOD I PEDGE I DDRA'3 I 14/05 RTR1 RTRO 

RESET: 0 0 0 0 0 0 0 0 

DORA? - Data Direction for Port A Bit? 
Overridden if an output compare function is configured to control the PAl pin 

0= Input 
1 = Output 

The pulse accumulator uses the port A bit? as the PAl input, but the pin can also 
be used as general-purpose 1/0 or as an output compare. Note that even when 
port A bit? is configured as an output, the pin still drives the input to the pulse 
accumulator. 

PAEN - Pulse Accumulator System Enable 
Refer to SECTION 9 TIMING SYSTEM. 

PAMOD - Pulse Accumulator Mode 
Refer to SECTION 9 TIMING SYSTEM. 

PEDGE - Pulse Accumulator Edge Control 
Refer to SECTION 9 TIMING SYSTEM. 

DDRA3 - Data Direction for Port A Bit 3 
Overridden if an output compare function is configured to control the PA3 pin. 

0= Input 
1 = Output 

14/05 - Input Capture 4/0utput Compare 5 
Refer to SECTION 9 TIMING SYSTEM. 

RTR[1 :0] - RTI Interrupt Rate Select 
Refer to SECTION 9 TIMING SYSTEM. 

6.5 Port E 

Port E is used for general-purpose static inputs or pins that share functions with 
the AID converter system. When some port E pins are being used for general­
purpose input and others are being used as AID inputs, PORTE should not be 
read during the sample portion of an AID conversion. 
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PORTE - Port E Data $100A 

Bit? 6 5 4 3 2 Bit 0 
PEl PE6 PE5 PE4 PE3 PE2 PE1 PEO 

RESET: U U U U U U U U 

AI!. 
Func.: AN? AN6 AN5 AN4 AN3 AN2 AN1 ANO 

6.6 Handshake Protocol 

Simple and full handshake input and output functions are available on ports B 
and C pins in single-chip mode. In simple strobed mode, port B is a strobed 
output port and port C is a latching input port. The two activities are available 
simultaneously. 

The STRB output is pulsed for two E-clock periods each time there is a write to 
the PORTB register. The INVB bit in the PIOC register controls the polarity of 
STRB pulses. Port C levels are latched into the alternate port C latch (PORTCL) 
register on each assertion of the STRA input. STRA edge select, flag, and 
interrupt enable bits are located in the PIOC register. Any or all of the port C 
lines can still be used as general-purpose I/O while in strobed input mode. 

Full handshake modes use port C pins and the STRA and STRB lines. Input 
and output handshake modes are supported, and output handshake mode has 
a three-stated variation. STRA is an edge-detecting input and STRB is a 
handshake output. Control and enable bits are located in the PIOC register. 

In full input handshake mode, the MCU asserts STRB to signal an external 
system that it is ready to latch data. Port C logic levels are latched into PORTCL 
when the STRA line is asserted by the external system. The MCU then 
deasserts STRB. The MCU reasserts STRB after the PORTCL register is read. 
In this mode, a mix of latched inputs, static inputs, and static outputs is allowed 
on port C, differentiated by the data direction bits and use of the PORTC and 
PORTCL registers. 

In full output handshake mode, the MCU writes data to PORTCL which, in turn, 
asserts the STRB output to indicate that data is ready. The external system 
reads port C data and asserts the STRA input to acknowledge that data has 
been received. 

In the three-state variation of output handshake mode, lines intended as three­
state handshake outputs are configured as inputs by clearing the corresponding 
DDRC bits. The MCU writes data to PORTCL and asserts STRB. The external 
system responds by activating the STRA input, which forces the MCU to drive 
the data in PORTC out on all of the port C lines. After the trailing edge of the 
active signal on STRA, the MCU deasserts the STRB signal. The three-state 
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mode variation does not allow part of port C to be used for static inputs while 
other port C pins are being used for handshake outputs. Refer to the PIOC 
register description for further information. 

6.7 Parallel 1/0 Control Register 

The parallel handshake functions are available only in the single-chip operating 
mode. PIOC is a readlwrite register except for bit 7, which is read only. Table 
6-2 shows a summary of handshake operations. 

PIOC - Parallel I/O Control 

Bn? 6 5 4 3 

I STAF I STAI I CWOM I HNDS OIN 

RESET: o o o o 

STAF - Strobe A Interrupt Status Flag 
o = No edge on strobe A 
1 = Selected edge on strobe A 

o 

$1002 

2 Bit 0 

PLS EGA INVB 

u 

ST AF is set when the selected edge occurs on Strobe A. This bit can be cleared by 
a read of PIOC with STAF set followed by a read of PORTCL (simple strobed or full 
input handshake mode) or a write to PORTCL (output handshake mode). 

STAI- Strobe A Interrupt Enable Mask 
0= STAF does not request interrupt 
1 = ST AF requests interrupt 

CWOM - Port C Wired-OR Mode (affects all eight port C pins) 
o = Port C outputs are normal CMOS outputs 
1 = Port C outputs are open-drain outputs 

HNDS - Handshake Mode 
0= Simple strobe m()de 
1 = Full input or output handshake mode 

OIN - Output or Input Handshake Select 
HNDS must be set to one for this bit to have meaning. 

o = Input handshake 
1 = Output handshake 

PLS - Pulsedllnterlocked Handshake Operation 
HNDS must be set to one for this bit to have meaning. When interlocked 
handshake is selected, strobe B is active until the selected edge of strobe A is 
detected. 

o = Interlocked handshake 
1 = Pulsed handshake (Strobe B pulses high for two E-clock cycles.) 
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EGA - Active Edge for Strobe A 
o = STRA falling edge selected, high level activates port C outputs (output 

handshake) 
1 = STRA rising edge selected, low level activates port C outputs (output 

handshake) 

INVB - Invert Strobe B 
o = Active level is logic zero 
1 = Active level is logic one 

Table 6-2. Parallel 1/0 Control 

STAF 
Clearing 

Sequence 

Simple Read PIOC 
strobed with STAF = 1 

mode then read 
PORTCL 

Full input Read PIOC 
handshake with STAF = 1 

then read 
PORTCL 

Full output Read PIOC 
handshake withSTAF= 1 

then write to 
PORTCL 
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OIN PLS EGA 

X X 
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° O=STRB 
active level L 0 

1eSTRB r active pulse 1 

1 O,.,STRB 
active level ~ 
1 =STRB 1L--t active pulse 

Follow : PortC I Follow 
DDRC I Driven • DDRC , I 

STRA 
Active Edge 

PARALLEL INPUT/OUTPUT 

Port C 

Inputs 
latched 
into 
PORTCL 
on any 
active 
edge on 
STRA 

Inputs 
latched 
into 
PORTCL 
on any 
active 
edge on 
STRA 

Driven as 
outputs if 
STRAat 
active 
level, 
follows 
DDRCif 
STRA not 
at active 
level 

Port B 

STRB 
pulses on 
writes to 
portB 

Normal 
output 
port, 
unaffected 
in 
handshake 
modes 

Normal 
output 
port, 
unaffected 
in 
handshake 
modes 
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SECTION 7 
SERIAL COMMUNICATIONS INTERFACE 

The serial communications interface (SCI) is a universal asynchronous receiver 
transmitter (UART), one of two independent serial I/O subsystems in the 
MC68HC11 E9. It has a standard nonreturn to zero (NRZ) format (one start, 
eight or nine data, and one stop bit). Several baud rates are available. The 
SCI transmitter and receiver are independent, but use the same data format and 
bit rate. 

7.1 Data Format 

The serial data format requires the following conditions: 

1. An idle-line in the high state before transmission or reception of a 
message. 

2. A start bit, logic zero, transmitted or received, that indicates the start of 
each character. 

3. Data that is transmitted and received least significant bit (LSB) first. 
4. A stop bit, logic one, used to indicate the end of a frame. (A frame 

consists of a start bit, a character of eight or nine data bits, and a stop bit.) 
5. A break (defined as the transmission or reception of a logic zero for some 

multiple number of frames). 

Selection of the word length is controlled by the M bit of SCI control register 
SCCR1. 

7.2 Transmit Operation 

The SCI transmitter includes a parallel data register (SCDR) and a serial shift 
register. The contents of the serial shift register can only be written through the 
SCDR. This double buffered operation allows a character to be shifted out 
serially while another character is waiting in the SCDR to be transferred into the 
serial shift register. The output of the serial shift register is applied to TxD as 
long as transmission is in progress or the transmit enable (TE) bit of the serial 
communication control register 2 (SCCR2) is set. The transmit serial shift 
register and the buffer logic are shown at the top of Figure 7-1. 
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Figure 7-1. SCI Transmitter Block Diagram 
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7.3 Receive Operation 

During receive operations, the transmit sequence is reversed. The serial shift 
register receives data and transfers it to a parallel receive data register (SCDR) 
as a complete word. This double buffered operation allows a character to be 
shifted in serially while another character is already in the SCDR. An advanced 
data recovery scheme distinguishes valid data from noise in the serial data 
stream. The data input is selectively sampled to detect receive data, and a 
majority voting circuit determines the value and integrity of each bit. 
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7.4 Wakeup Feature 

The wakeup feature reduces SCI service overhead in multiple receiver systems. 
Software for each receiver evaluates the first character of each message. The 
receiver is placed in wakeup mode by writing a one to the RWU bit in the 
SCCR2 register. While RWU is one, all of the receiver-related status flags 
(RDRF, IDLE, OR, NF, and FE) are inhibited (cannot become set). Although 
RWU can be cleared by a software write to SCCR2, to do so would be unusual. 
Normally RWU is set by software and is cleared automatically with hardware. 
Whenever a new message begins, logic alerts the sleeping receivers to wake 
up and evaluate the initial character of the new message. 

Two methods of wakeup are available: idle-line wakeup and address-mark 
wakeup. During idle-line wakeup, a sleeping receiver awakens as soon as the 
RxD line becomes idle. In the address-mark wakeup, logic one in the most 
significant bit (MSB) of a character wakes up all sleeping receivers. 

7.4.1 Idle-Line Wakeup 

To use the receiver wakeup method, establish a software addressing scheme to 
allow the transmitting devices to direct a message to individual receivers or to 
groups of receivers. This addressing scheme can take any form as long as all 
transmitting and receiving devices are programmed to understand the same 
scheme. Because the addressing information is usually the first frame(s) in a 
message, receivers that are not part of the current task do not become 
burdened with the entire set of addressing frames. All receivers are awake 
(RWU = 0) when each message begins. As soon as a receiver determines that 
the message is not intended for it, software sets the RWU bit (RWU = 1), which 
inhibits further flag setting until the RxD line goes idle at the end of the 
message. As soon as an idle line is detected by receiver logic, hardware 
automatically clears the RWU bit so that the first frame of the next message can 
be received. This type of receiver wakeup requires a minimum of one idle-line 
frame time between messages, and no idle time between frames in a message. 

7.4.2 Address-Mark Wakeup 

The serial characters in this type of wakeup consist of seven (eight if M = 1) 
information bits and an MSB, which indicates an address character (when set to 
one, or mark). The first character of each message is an addressing character 
(MSB = 1). All receivers in the system evaluate this character to determine if the 
remainder of the message is directed toward this particular receiver. As soon 
as a receiver determines that a message is not intended for it, the receiver 
activates the RWU function by using a software write to set the RWU bit. 
Because setting RWU inhibits receiver-related flags, there is no further software 
overhead for the rest of this message. When the next message begins, its first 
character has its MSB set, which automatically clears the RWU bit and enables 
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normal character reception. The first character whose MSB is set is also the first 
character to be received after wakeup because RWU gets cleared before the 
stop bit for that frame is serially received. This type of wakeup allows messages 
to include gaps of idle time, unlike the idle-line method, but there is a loss of 
efficiency because of the extra bit time for each character (address bit) required 
for all characters. 

7.5 SCI Error Detection 

Three error conditions, SCDR overrun, received bit noise, and framing can 
occur during generation of SCI system interrupts. Three bits (OR, NF, and FE) 
in the serial communications status register (SCSR) indicate if one of these 
error conditions exists. 

The overrun error (OR) bit is set when the next byte is ready to be transferred 
from the receive shift register to the SCDR and the SCDR is already full (RDRF 
bit is set). When an overrun error occurs, the data that caused the overrun is 
lost and the data that was already in SCDR is not disturbed. The OR is cleared 
when the SCSR is read (with OR set), followed by a read of the SCDR. 

The noise flag (NF) bit is set if there is noise on any of the received bits, 
including the start and stop bits. The NF bit is not set until the RDRF flag is set. 
The NF bit is cleared when the SCSR is read (with FE equal to one) followed by 
a read of the SCDR. 

When no stop bit is detected in the received data character, the framing error 
(FE) bit is set. FE is set at the same time as the RDRF. If the byte received 
causes both framing and overrun errors, the processor only recognizes the 
overrun error. The framing error flag inhibits further transfer of data into the 
SCDR until it is cleared. The FE bit is cleared when the SCSR is read (with FE 
equal to one) followed by a read of the SCDR. 

7.6 SCI Registers 

There are five addressable registers in the SCI. 

7.6.1 Serial Communications Data Register 

SCDR is a parallel register that performs two functions. It is the receive data 
register when it is read, and the transmit data register when it is written. Reads 
access the receive data buffer and writes access the transmit data buffer. 
Receive and transmit are double buffered. 
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SCOR - SCI Data Register $102F 

Bit 7 6 5 4 3 2 Bit 0 

R7m R6/f6 R51T5 R4IT4 R31T3 R21T2 R11T1 ROITO 

RESET: U U U U U U U u 

7.6.2 Serial Communications Control Register 1 

The SCCR1 register provides the control bits that determine word length and 
select the method used for the wakeup feature. 

SCCR1 - SCI Control Register 1 

Bit 7 6 5 4 3 2 Bit 0 

AS I T8 o M WAKE o o o 
RESET: U U o o o o o o 

R8 - Receive Data Bit 8 
If M bit is set, R8 stores the ninth bit in the receive data character. 

T8 - Transmit Data Bit 8 
If M bit is set, T8 stores the ninth bit in the transmit data character. 

M - Mode (Select Character Format) 
o = Start bit, 8 data bits, 1 stop bit 
1 = Start bit, 9 data bits, 1 stop bit 

WAKE - Wakeup by Address Mark/Idle 
o = Wakeup by IDLE line recognition 
1 = Wakeup by address mark (most significant data bit set) 

7.6.3 Serial Communications Control Register 2 

$102C 

The SCCR2 register provides the control bits that enable or disable individual 
SCI functions. 

SCCR2 - SCI Control Register 2 

Bit 7 6 5 4 3 2 

I TIE I TCIE I RIE I ILIE TE RE R\MJ 

RESET: 0 0 0 0 o o o 

TIE - Transmit Interrupt Enable 
o = TORE interrupts disabled , 
1 = SCI interrupt requested when TORE statu's flag is set 
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TCIE - Transmit Complete Interrupt Enable 
o = TC interrupts disabled 
1 = SCI interrupt requested when TC status flag is set 

RIE - Receiver Interrupt Enable 
o = RDRF and OR interrupts disabled 
1 = SCI interrupt requested when RDRF flag or the OR status flag is set 

ILiE - Idle-Line Interrupt Enable 
o = IDLE interrupts disabled 
1 = SCI interrupt requested when IDLE status flag is set 

TE - Transmitter Enable 
When TE goes from zero to one, one unit of idle character time (logic one) is 
queued as a preamble. 

o = Transmitter disabled 
1 = Transmitter enabled 

RE - Receiver Enable 
o = Receiver disabled 
1 = Receiver enabled 

RWU - Receiver Wakeup Control 
o = Normal SCI receiver 
1 = Wakeup enabled and receiver interrupts inhibited 

SBK - Send Break 
At least one character time of break is queued and sent each time SBK is written to 
one. As long as the SBK bit is set, break characters are queued and sent. More 
than one break may be sent if the transmitter is idle at the time the SBK bit is 
toggled on and off, as the baud rate clock edge could occur between writing the 
one and writing the zero to SBK. 

o = Break generator off 
1 = Break codes generated 

7.6.4 Serial Communication Status Register 

The SCSR provides inputs to the interrupt logic circuits for generation of the SCI 
system interrupt. 

SCSR - SCI Status Register $102E 

Bit? 6 5 4 3 2 1 BilO 

TORE TC RDFF IDLE OR NF FE 0 

RESET: 0 0 0 0 0 0 
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TDRE - Transmit Data Register Empty Flag 
This flag is set when SCDR is empty. Clear the TDRE flag by reading SCSR with 
TDRE set and then writing to SCDR. 

0= SCDR busy 
1 = SCDR empty 

TC - Transmit Complete Flag 
This flag is set when the transmitter is idle (no data, preamble, or break 
transmission in progress). Clear the TC flag by reading SCSR with TC set and 
then writing to SCDR. 

0= Transmitter busy 
1 = Transmitter idle 

RDRF - Receive Data Register Full Flag 
This flag is set if a received character is ready to be read from SCDR. Clear the 
RDRF flag by reading SCSR with RDRF set and then reading SCDR. 

o = SCDR empty 
1 = SCDR full 

IDLE - Idle Line Detected Flag 
This flag is set if the RxD line is idle. Once cleared, IDLE is not set again until the 
RxD line has been active and becomes idle again. The IDLE flag is inhibited when 
RWU = 1. Clear IDLE by reading SCSR with IDLE set and then reading SCDR. 

o = RxD Ii ne is active 
1 = RxD line is idle 

OR - Overrun Error Flag 
OR is set if a new character is received before a previously received character is 
read from SCDR. Clear the OR flag by reading SCSR with OR set and then 
reading SCDR. 

o = No overrun 
1 = Overrun detected 

NF - Noise Error Flag 
NF is set if majority sample logic detects anything other than a unanimous decision. 
Clear NF by reading SCSR with NF set and then reading SCDR. 

0= Unanimous decision 
1 = Noise detected 

FE - Framing Error 
FE is set when a zero is detected where a stop bit was expected. Clear the FE flag 
by reading SCSR with FE set and then reading SCDR. 

o = Stop bit detected 
1 = Zero detected 
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7.6.5 Baud Rate Register 

Use this register to select different baud rates for the SCI system. The SCP[1 :0] 
bits function as a prescaler for the SCR[2:0] bits. Together, these five bits 
provide multiple baud rate combinations for a given crystal frequency. 
Normally, this register is written once during initialization. The prescaler is set 
to its fastest rate by default out of reset, and can be changed at any time. Refer 
to Tables 7-1 and 7-2 for normal baud rate selections. 

BAUD - Baud Rate 

Bit 7 6 5 4 3 2 Bit 0 

I TCLA\ 0 SCP1 scPO RCKB SCR2 SCR1 SCRO 

RESET: 0 0 o 0 0 U U U 

TClR - Clear Baud Rate Counters (Test) 

RCKB - SCI Baud Rate Clock Check (Test) 

SCP[1 :0] - SCI Baud Rate Prescaler Selects 

$102B 

These two bits select a prescale factor for the SCI baud rate generator that 
determines the highest possible baud rate. 

SCP[1 :0] 
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Table 7-1. Baud Rate Prescale Selects 

Divide Crystal Frequency In MHz 

Internal Clock 4.0 MHz 8.0 MHz 10.0 MHz 

By (Baud) (Baud) (Baud) 

1 62.50 K 125.0 K 156.25 K 

3 20.83 K 41.67 K 52.08 K 

4 15.625 K 31.25 K 38.4K 

13 4800 9600 12.02 K 

SERIAL COMMUNICATIONS INTERFACE 

12.0 MHz 

(Baud) 

187.50 K 

62.50 K 

46.88 K 

14.42 K 
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SCR[2:0] - SCI Baud Rate Selects 
These three bits select receiver and transmitter bit rate based on output from baud 
rate prescaler stage. 

Table 7-2. Baud Rate Selects 

SCR[2:0] Divide Highest Baud Rate 

Prescaler (Prescaler Output from Previous Table) 

By 4800 9600 38.4 K 

000 1 4800 9600 38.4 K 

001 2 2400 4800 19.2 K 

010 4 1200 2400 9600 

011 8 600 1200 4800 

100 16 300 600 2400 

101 32 150 300 1200 

110 64 - 150 600 

1 1 1 128 - - 300 

The prescale bits, SCP[1 :0], determine the highest baud rate, and the SCR[2:0] 
bits select an additional binary submultiple (+1, +2, +4, through + 128) of this 
highest baud rate. The result of these two dividers in series is the 16X receiver 
baud rate clock. The SCR[2:0] bits are not affected by reset and can be 
changed at any time, although they should not be changed when any SCI 
transfer is in progress. 

Figure 7-3 illustrates the SCI baud rate timing chain. The prescale select bits 
determine the highest baud rate. The rate select bits determine additional 
divide by two stages to arrive at the receiver timing (RT) clock rate. The baud 
rate clock is the result of dividing the RT clock by 16. 
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Figure 7-3. SCI Baud Rate Diagram 

7.7 Status Flags and Interrupts 

The SCI transmitter has two status flags. These status flags can be read by 
software (polled) to tell when the corresponding condition exists. Alternatively, 
a local interrupt enable bit can be set to enable each of these status conditions 
to generate interrupt requests when the corresponding condition is present. 
Status flags are automatically set by hardware logic conditions, but must be 
cleared by software, which provides an interlock mechanism that enables logic 
to know when software has noticed the status indication. The software clearing 
sequence for these flags is automatic - functions that are normally performed 
in response to the status flags also satisfy the conditions of the clearing 
sequence. 
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TDRE and TC flags are normally set when the transmitter is first enabled (TE set 
to one). The TDRE flag indicates there is room in the transmit queue to store 
another data character in the TDR. The TIE bit is the local interrupt mask for 
TDRE. When TIE is zero, TDRE must be polled. When TIE and TDRE are one, 
an interrupt is requested. 

The TC flag indicates the transmitter has completed the queue. The TCIE bit is 
the local interrupt mask for TC. When TCIE is zero, TC must be polled; when 
TCIE is one and TC is one, an interrupt is requested. 

Writing a zero to TE requests that the transmitter stop when it can. The 
transmitter completes any transmission in progress before actually shutting 
down. Only an MCU reset can cause the transmitter to stop and shut down 
immediately. If TE is written to zero when the transmitter is already idle, the pin 
reverts to its general-purpose 1/0 function (synchronized to the bit-rate clock). If 
anything is being transmitted when TE is written to zero, that character is 
completed before the pin reverts to general-purpose 1/0, but any other 
characters waiting in the transmit queue are lost. The TC and TDRE flags are 
set at the completion of this last character, even though TE has been disabled. 

The SCI receiver has five status flags, three of which can generate interrupt 
requests. The status flags are set by the SCI logic in response to specific 
conditions in the receiver. These flags can be read (polled) at any time by 
software. Refer to Figure 7-4, which shows SCI interrupt arbitration. 

When an overrun takes place, the new character is lost, and the character that 
was in its way in the parallel RDR is undisturbed. RDRF is set when a character 
has been received and transferred into the parallel RDR. The OR flag is set 
instead of RDRF if overrun occurs. A new character is ready to be transferred 
into RDR before a previous character is read from RDR. 

The NF and FE flags provide additional information about the character in the 
RDR, but do not generate interrupt requests. 

The last receiver status flag and interrupt source come from the IDLE flag. The 
RxD line is idle if it has constantly been at logic one for a full character time. 
The IDLE flag is set only after the RxD line has been busy and becomes idle, 
which prevents repeated interrupts for the whole time RxD remains idle. 
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SECTION 8 
SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI), an independent serial communications 
subsystem, allows the MCU to communicate synchronously with peripheral 
devices, such as transistor-transistor logic (TTL) shift registers, liquid crystal 
diode (LCD) display drivers, analog-to-digital converter subsystems, and other 
microprocessors. The SPI is also capable of inter-processor communication in 
a multiple master system. The SPI system can be configured as either a master 
or a slave device with data rates as high as one half of the E-clock rate when 
configured as master, and as fast as the E-clock rate when configured as slave. 

8.1 Functional Description 

The central element in the SPI system is the block containing the shift register 
and the read data buffer. The system is single buffered in the transmit direction 
and double buffered in the receive direction. This means that new data for 
transmission cannot be written to the shifter until the previous transfer is 
complete; however, received data is transferred into a parallel read data buffer 
so the shifter is free to accept a second serial character. As long as the first 
character is read out of the read data buffer before the next serial character is 
ready to be transferred, no overrun condition occurs. A single MCU register 
address is used for reading data from the read data buffer, and for writing data 
to the shifter. 

The SPI status block represents the SPI status functions (transfer complete, 
write collision, and mode fault) performed by the serial peripheral status register 
(SPSR). The SPI control block represents those functions that control the SPI 
system through the serial peripheral control register (SPCR). 

Refer to Figure 8-1, which shows the SPI block diagram. 
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Figure 8-1. SPI Block Diagram 

8.2 SPI Transfer Formats 
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During an SPI transfer, data is simultaneously transmitted and received. A 
serial clock line synchronizes shifting and sampling of the information on the 
two serial data lines. A slave select line allows individual selection of a slave 
SPI device; slave devices that are not selected do not interfere with SPI bus 
activities. On a master SPI device, the select line can optionally be used to 
indicate a multiple master bus contention. Refer to Figure 8-2. 
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SCK CYCLE # 
(FOR REFERENCE) 

SCK (CPOL = 0) _----' 

SCK(CPOL=1) 
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(CPHA=O) DATAOUT 
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(CPHA = 1") DATA OUT 
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.. RESET STATE 

Figure 8-2. SPI Transfer Format 

8.2.1 Clock Phase and Polarity Controls 

Software can select one of four combinations of serial clock phase and polarity 
using two bits in the SPI control register (SPCR). The clock polarity is specified 
by the CPOL control bit, which selects an active high or active low clock, and 
has no significant effect on the transfer format. The clock phase (CPHA) control 
bit selects one of two different transfer formats. The clock phase and polarity 
should be identical for the master SPI device and the communicating slave 
device. In some cases, the phase and polarity are changed between transfers 
to allow a master device to communicate with peripheral slaves having different 
requirements. 

When CPHA equals zero, the slave select line (SS) must be deasserted and 
reasserted between each successive serial byte. Also, if the slave writes data to 
the SPI data register (SPDR) while SS is low, a write collision error results. 

When CPHA equals one, the SS line can remain low between successive 
transfers. 

8.3 SPI Signals 

The following paragraphs contain descriptions of the four SPI signals: master in 
slave out (MISO), master out slave in (MOSI), serial clock (SCK), and slave 
select (SS). 
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8.3.1 Master In Slave Out 

MISO is one of two unidirectional serial data signals. It is an input to a master 
device and an output from a slave device. The MISO line of a slave device is 
placed in the high-impedancli:) state if the slave device is not selected. 

8.3.2 Master Out Slave In 

The MOSIline is the second of the two unidirectional serial data signals. It is an 
output from a master device and an input to a slave device. The master device 
places data on the MOSI line a half-cycle before the clock edge that the slave 
device uses to latch the data. 

8.3.3 Serial Clock 

SCK, an input to a slave device, is generated by the master device and 
synchronizes data movement in and out of the device through the MOSI and 
MISO lines. Master and slave devices are capable of exchanging a byte of 
information during a sequence of eight clock cycles. 

There are four possible timing relationships that can 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. The SPI clock 
rate select bits, SPR[1 :0], in the SPCR of the master device, select the clock 
rate. In a slave device, SPR[1 :0] have no effect on the operation of the SPI. 

8.3.4 Slave Select 

The slave select (SS) input of a slave device must be externally asserted before 
a master device can exchange data with the slave device. SS must be low 
before data transactions and must stay low for the duration of the transaction. 

The SS line of the master must be held high. If it goes low, a mode fault error 
flag (MODF) is set in the serial peripheral status register (SPSR). To disable the 
mode fault circuit, write a one in bit 5 of the port D data direction register. This 
sets the SS pin to act as a general-purpose output. The other three lines are 
dedicated to the SPI whenever the serial peripheral interface is on. 

The state of the master and slave CPHA bits affects the operation of SS. CPHA 
settings should be identical for master and slave. 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 can 
be left low between successive SPI characters. In cases where there is only 
one SPI slave MCU, its SS line can be tied to Vss as long as only CPHA = 1 
clock mode is used. 
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8.4 SPI System Errors 

Two system errors can be detected by the SPI system. The first type of error 
arises in a multiple·master system when more than one SPI device 
simultaneously tries to be a master. This error is called a mode fault. The 
second type of error, write collision, indicates that an attempt was made to write 
data to the SPDR while a transfer was in progress. 

When the SPI system is configured as a master and the SS input line goes to 
active low, a mode fault error has occurred - usually because two devices 
have attempted to act as master at the same time. In cases where more than 
one device is concurrently configured as a master, there is a chance of 
contention between two pin drivers. For push-pull CMOS drivers, this 
contention can cause permanent damage. The mode fault attempts to protect 
the device by disabling the drivers. The MSTR control bit in the SPCR and all 
four DDRD control bits associated with the SPI are cleared and an interrupt is 
generated subject to masking by the SPIE control bit and the I bit in the CCR. 

Other precautions may need to be taken to prevent driver damage. If two 
devices are made masters at the same time, mode fault does not help protect 
either one unless one of them selects the other as slave. The amount of 
damage possible depends on the length of time both devices attempt to act as 
master. 

A write collision error occurs if the SPDR is written while a transfer is in 
progress. Because the SPDR is not double buffered in the transmit direction, 
writes to SPDR cause data to be written directly into the SPI shift register. 
Because this write corrupts any transfer in progress, a write collision error is 
generated. The transfer continues undisturbed, and the write data that caused 
the error is not written to the shifter. 

A write collision is normally a slave error because a slave has no control over 
when a master initiates a transfer. A master knows when a transfer is in 
progress, so there is no reason for a master to generate a write-collision error, 
although the SPI logic can detect write collisions in both master and slave 
devices. 

The SPI configuration determines the characteristics of a transfer in progress. 
For a master, a transfer begins when data is written to SPDR and ends when 
SPIF is set. For a slave with CPHA equal to zero, a transfer starts when SS 
goes low and ends when SS returns high. In this case, SPIF is set at the middle 
of the eighth SCK cycle when data is transferred from the shifter to the parallel 
data register, but the transfer is still in progress until SS goes high. For a slave 
with CPHA equal to one, transfer begins when the SCK line goes to its active 
level, which is the edge at the beginning of the first SCK cycle. The transfer 
ends in a slave in which CPHA equals one when SPIF is set. 
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8.5 SPI Registers 

The three SPI registers, SPCR, SPSR, and SPDR, provide control, status, and 
data storage functions. Refer to the following information for a description of 
how these registers are organized. 

8.5.1 Serial Peripheral Control 

SPCR - Serial Peripheral Control Register 
,} 

B~7 6 5 4 3 

I SPIE I SPE I DWOM I MSlR I CPOL 

RESET: o o o o 

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

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

DWOM - Port 0 Wired-OR Mode 
DWOM affects all six port 0 pins 

o = Normal CMOS outputs 
1 = Open-drain outputs 

MSTR - Master Mode Select 
o = Slave mode 
1 = Master mode 

CPOL - Clock Polarity 

o 

$1028 

2 Bit 0 

CPHA SPR1 SPRO 

u u 

When the clock polarity bitis cleared and data is not being transferred, the SCK pin 
of the master device has a steady state low value. When CPOL is set, SCK idles 
high. Refer to Figure 8-2 and 8.2.1 Clock Phase and Polarity Controls. 

CPHA - Clock Phase 
The clock phase bit, in conjunction with the CPOL bit, controls the clock-data 
relationship between master and slave. The CPHA bit selects one of two different 
clocking protocols. Refer to Figure 8-2 and 8.2.1 Clock Phase and Polarity 
Controls. 
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SPR[1 :0] - SPI Clock Rate Selects 
These two serial peripheral rate bits select one of four baud rates to be used as 
SCK if the device is a master; however, they have no effect in the slave mode. 

E Clock Frequency at 
SPR[1 :0) Divide By E = 2 MHz (Baud) 

00 2 1.0 MHz 

01 4 500 kHz 

10 16 125 kHz 

1 1 32 62.5 kHz 

8.5.2 Serial Peripheral Status 

SPSR - Serial Peripheral Status Register $1029 

Bit 7 6 543 2 Bit 0 

I SPIF I WCOl I o IMODFI 0 o o o 
RESET: o o o o o o o o 

SPIF - SPI Transfer Complete Flag 
SPIF is set upon completion of data transfer between the processor and the 
external device. If SPIF goes high, and if SPIE is set, a serial peripheral interrupt is 
generated. To clear the SPIF bit, read the SPSR with SPIF set, then access the 
SPDR. Unless SPSR is read (with SPIF set) first, attempts to write SPDR are 
inhibited. 

WCOl - Write Collision 
Clearing the WCOl bit is accomplished by reading the SPSR (with WeOl set) 
followed by an access of SPDR. Refer to 8.3.4 Slave Select and 8.4 SPI 
System Errors. 

o = No write collision 
1 = Write collision 

Bit 5 - Not implemented 
Always reads zero 

MODF - Mode Fault 
To clear the MODF bit, read the SPSR (with MODF set), then write to the SPCR. 
Refer to 8.3.4 Slave Select and 8.4 SPI System Errors. 

o = No mode fault 
1 = Mode fault 

Bits [3:0] - Not implemented 
Always read zero 
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8.5.3 Serial Peripheral Data 1/0 

The SPDR is used when transmitting or receiving data on the serial bus. Only a 
write to this register initiates transmission or reception of a byte, and this only 
occurs in the master device. At the completion of transferring a byte of data, the 
SPIF status bit is set in both the master and slave devices. 

A read of the SPDR is actually a read of a buffer. To prevent an overrun and the 
loss of the byte that caused the overrun, the first SPIF must be cleared by the 
time a second transfer of data from the shift register to the read buffer is initiated. 

SPI is double buffered in and single buffered out. 

SPDR - SPI Data Register 

Bit 7 6 5 4 3 2 

Bit 7 I 6 5 4 3 2 
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SECTION 9 
TIMING SYSTEM 

The M68HC11 timing system is composed of five clock divider chains. The 
main clock divider chain includes a 16-bit free-running counter, which is driven 
by a programmable prescaler. The main timer's programmable prescaler 
provides one of the four clocking rates to drive the 16-bit counter. Two 
prescaler control bits select the prescale rate. 

The prescaler output divides the system clock by 1, 4, 8, or 16. Taps off of this 
main clocking chain drive circuitry that generates the slower clocks used by the 
pulse accumulator, the real-time interrupt (RTI), and the computer operating 
properly (COP) watchdog subsystems, also described in this section. Refer to 
Figure 9-1. 

All main timer system activities are referenced to this free-running counter. The 
counter begins incrementing from $0000 as the MCU comes out of reset, and 
continues to the maximum count, $FFFF. At the maximum count, the counter 
rolls over to $0000, sets an overflow flag, and continues to increment. As long 
as the MCU is running in a normal operating mode, there is no way to reset, 
change, or interrupt the counting. The capture/compare subsystem features 
three input capture channels, four output compare channels, and one channel 
that can be selected to perform either input capture or output compare. Each of 
the three input capture functions has its own 16-bit input capture register (time 
capture latch) and each of the output compare functions has its own 16-bit 
compare register. All timer functions, including the timer overflow and RTI, have 
their own interrupt controls and separate interrupt vectors. 

The pulse accumulator contains an 8-bit counter and edge select logic. The 
pulse accumulator can operate in either event counting or gated time 
accumulation modes. During event counting mode, the pulse accumulator's 
8-bit counter increments when a specified edge is detected on an input signal. 
During gated time accumulation mode, an internal clock source increments the 
8-bit counter while an input signal has a predetermined logic level. 

The real-time interrupt (RTI) is a programmable periodic interrupt circuit that 
permits pacing the execution of software routines by selecting one of four 
interrupt rates. 
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The COP watchdog clock input (E + 215) is tapped off of the free-running 
counter chain. The COP automatically times out unless it is serviced within a 
specific time by a program reset sequence. If the COP is allowed to time out, a 
reset is generated, which drives the RESET pin low to reset the MCU and the 
external system. Refer to Table 9-1 for crystal-related frequencies and periods. 

OSCILlATOR AND 
CLOCK GENERATOR 

(DIVIDE BY FOUR) 

~------------------------------~AS 

~------------------------------~ECLOCK 

MOTOROLA 
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t-------------------------------------~~ INTERNAL BUS CLOCK (PH2) 

PRESCALER 
(+ 2,4,16, 32) ~------------------------.... SPI 

SPR[1:0J 

PRESCALE R PRESCALER 
(+ 1, 3, 4, 13) 1------1 (+ 1,2,4, .... 128) 1---..... ------.... SCI RECEIVER CLOCK 

SCP[l:OJ SCR[2:0J 
SCI TRANSMIT CLOCK 

C~E+~26=}_-----------------==--~ PULSE ACCUMULATOR 

PRESCALER 
(+1,4,8,16) 

PR[1:0J 

IC/oC 

PRESCALER 
(+ 1,2,4,8) 1--------.... REAL·TIME INTERRUPT 

RTR[l :OJ 

r----

PRESCALER 
(+1,4,16,64) 

CR[1:0J 

~ ---------------------------
CLEAR COP 

TIMER 
SYSTEM 
RESET 

Figure 9-1. Timer Clock Divider Chains 
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Table 9-1. Timer Summary 

XTAL Frequencies 

4.0 MHz 8.0 MHz 12.0 MHz Other Rates 

Control 1.0 MHz 2.0 MHz 3.0 MHz (E) 

Bits 1000 ns 500 ns 333 ns (1/E) 

PR[1:0] Main Timer Count Rates 

00 

1 count- 1.0 fLs 500 ns 333 ns (E/1 ) 
overflow- 65.536 ms 32.768 ms 21.845 ms (E/216) 

o 1 

1 count- 4.0 fLs 2.0 fLs 1.333 fLs (E/4) 
overflow- 262.14 ms 131.07 ms 87.381 ms (E/218) 

1 0 

1 count- 8.0 fLs 4.0 fLs 2.667 fLs (E/8) 
overflow- 524.29 ms 262.14 ms 174.76 ms (E/219) 

1 1 

1 count- 16.0 fLs 8.0 fLs 5.333 fLs (E/16) 
overflow- 1.049 S 524.29 ms 349.52 ms (E/220) 

9.1 Timer Structure 

Figure 9-2 shows the capture/compare system block diagram. The port A pin 
control block includes logic for timer functions and for general-purpose I/O. For 
pins PA[2:0], this block contains both the edge-detection logic and the control 
logic that enables the selection of which edge triggers an input capture. The 
digital level on PA[2:0] can be read at any time (read PORTA register), even if 
the pin is being used for the input capture function. Pins PA[6:4] are used for 
either general-purpose output. or as output compare pins. Pin PA3 can be used 
for general-purpose I/O, input capture 4, output compare 5, or output compare 1. 
When one of these pins is being used for an output compare function, it cannot 
be written directly as if it were a general-purpose output. Each of the output 
compare functions (0C[5:2]) is related to one of the port A output pins. Output 
compare one (OC1) has extra control logic, allowing it optional control of any 
combination of the PA[7:3] pins. The PA7 pin can be used as a general­
purpose I/O pin, as an input to the pulse accumulator, or as an OC1 output pin. 
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Figure 9-2. Capture/Compare Block Diagram 
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9.2 Input Capture 

The input capture function records the time an external event occurs by latching 
the value of the free-running counter when a selected edge is detected at the 
associated timer input pin. Software can store latched values and use them to 
compute the periodicity and duration of events. For example, by storing the 
times of successive edges of an incoming signal, software can determine the 
period and pulse width of a signal. To measure period, two successive edges 
of the same polarity are captured. To measure pulse width, two alternate 
polarity edges are captured. 

In most cases, input capture edges are asynchronous to the internal timer 
counter, which is clocked relative to the PH2 clock. These asynchronous 
capture requests are synchronized to PH2 so that the latching occurs on the 
opposite half cycle of PH2 from when the timer counter is being incremented. 
This synchronization process introduces a delay from when the edge occurs to 
when the counter value is detected. Because these delays offset each other 
when the time between two edges is being measured, the delay can be 
ignored. When an input capture is being used with an output compare, there is 
a similar delay between the actual compare point and when the output pin 
changes state. 

The control and status bits that implement the input capture functions are 
contained in the PACTL, TCTL2, TMSK1, and TFLG1 registers. 

To configure port A bit 3 as an input capture, clear the DDRA3 bit of the PACTL 
register. Note that this bit is cleared out of reset. To enable PA3 as the fourth 
input capture, set the 14/05 bit in the PACTL register. Otherwise, PA3 is 
configured as a fifth output compare out of reset, with bit 14/05 being cleared. If 
the DDRA3 bit is set (configuring PA3 as an output), and IC4 is enabled, then 
writes to PA3 cause edges on the pin to result in input captures. Writing to 
TI4I05 has no effect when the TI4I05 register is acting as IC4. 

9.2.1 Timer Control Register 2 

Use the control bits of this register to program input capture functions to detect a 
particular edge polarity on the corresponding timer input pin. Each of the input 
capture functions can be independently configured to detect rising edges only, 
falling edges only, any edge (rising or falling), or to disable the input capture 
function. The input capture functions operate independently of each other and 
can capture the same TCNT value if the input edges are detected within the 
same timer count cycle. 
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TCTL2 - Timer Control 2 $1021 
Bft? 6 5 4 3 2 1 BftO 

I EDG4B I EDG4A I EDGIB I EDGIA I EDG2B I EDG2A I EDG3B I EDG3A I 
RESET: 0 0 0 0 0 0 0 0 

EDGxB and EDGxA - Input Capture Edge Control 
There are four pairs of these bits. Each pair is cleared to zero by reset and must be 
encoded to configure the corresponding input capture edge detector circuit. IC4 
functions only if the 14/05 bit in the PACTL register is set. 

Table 9-2. Timer Control Configuration 

EDGxB EDGxA Configuration 

0 0 Capture disabled 

0 1 Capture on rising edges only 

1 0 Capture on falling edges only 

1 1 Capture on any edge 

9.2.2 Timer Input Capture Registers 

When an edge has been detected and synchronized, the 16-bit free-running 
counter value is transferred into the input capture register pair as a single 16-bit 
parallel transfer. Timer counter value captures and timer counter incrementing 
occur on opposite half-cycles of the phase 2 clock so that the count value is 
stable whenever a capture occurs. The TICx registers are not affected by reset. 
Input capture values can be read from a pair of a-bit read-only registers. A read 
of the high-order byte of an input capture register pair inhibits a new capture 
transfer for one bus cycle. If a double-byte read instruction, such as LDD, is 
used to read the captured value, coherency is assured. When a new input 
capture occurs immediately after a high-order byte read, transfer is delayed for 
an additional cycle but the value is not lost. 

TIC1-TIC3 - Timer Input Capture $1010-$1015 

f----___�f----___�-----f---+---+---+---f-------l TICI (High) $1010 

$1011 

$1012 

$1013 

$1014 

$1015 

~~==~==~==~==~==~~==~ 
TICI (Low) 

TIC2 (High) 
f----~f----___If___----f---+---+---+---+------l 

~~==~==~~==~==~~==~ 
TIC2 (Low) 

TIC3 (High) 
r-----Ir-----I-----f---+---+---+---+--~ 
L-_~L-_~~_~ __ ~ __ ~ __ ~ __ -L __ ~ TIC3 (Low) 

RESET: Input capture registers not affected by reset 
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9.2.3 Timer Input Capture 4/0utput Compare 5 Register 

Use T14/05 as either an input capture register or an output compare register, 
depending on the function chosen for the 14/05 pin. To enable it as an input 
capture pin, set the 14/05 bit in the pulse accumulator control register (PACTL) 
to logic level one. To use it as an output compare register, set the 14/05 bit to a 
logic level zero. Refer to 9.6 Pulse Accumulator. 

T14/05 - Timer Input Capture 4/0utput Compare 5 $101E, $101F 

$101 E 

$101F 
f-----j----j-----!---+---+---+---l-----j TI4IOS (High) 
'---_--' __ --' __ --' __ ~ __ -'-__ --L __ --'-__ -' TI4IOS (Low) 

RESET: Forces TI4IOS to $FFFF 

9.3 Output Compare 

Use the output compare (OC) function to program an action to occur at a 
specific time - when the 16-bit counter reaches a specified value. For each of 
the five output compare functions, there is a separate 16-bit compare register 
and a dedicated 16-bit comparator. The value in the compare register is 
compared to the value of the free-running counter on every bus cycle. When 
the compare register matches the counter value, an output compare status flag 
is set, and automatic pin actions for that output compare function are triggered. 

To produce a pulse of a specific duration, write a value to the output compare 
register that represents the time the leading edge of the pulse is to occur. The 
output compare circuit is configured to set the appropriate output either high or 
low, depending on the polarity of the pulse being produced. After a match 
occurs, the output compare register is reprogrammed to change the output pin 
back to its inactive level at the next match. A value representing the width of the 
pulse is added to the original value, and then written to the output compare 
register. Because the pin state changes occur at specific values of the free­
running counter, the pulse width can be controlled accurately at the resolution 
of the free-running counter, independent of software latencies. To generate an 
output signal of a specific frequency and duty cycle, repeat this pulse­
generating procedure. 

There are four 16-bit read/write output compare registers: TOC1, TOC2, TOC3, 
and TOC4, and the TI4I05 register, which functions under software control as 
either IC4 or OC5. Each of the OC registers is set to $FFFF on reset. A value 
written to an OC register is compared to the free-running counter value during 
each E-clock cycle. If a match is found, the particular output compare flag is set 
in timer interrupt flag 1 register (TFLG1). If that particular interrupt is enabled in 
the timer interrupt mask 1 register (TMSK1), an interrupt is generated. In 
addition to an interrupt, a specified action can be initiated at one or more timer 
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output pins. For OC[S:2], the pin action is controlled by pairs of bits (OMx and 
OLx) in the TCTL 1 register. The output action is taken on each successful 
compare, regardless of whether or not the OCxF flag in the TFLG1 register was 
previously cleared. 

OC1 is different from the other output compares in that a successful OC1 
compare can affect any or all five of the OC pins. The OC1 output action taken 
when a match is found is controlled by two a-bit registers with three bits 
unimplemented: the output compare 1 mask register, OC1 M, and the output 
compare 1 data register, OC1 D. OC1 M specifies which port A outputs are to be 
used, and OC1 D specifies what data is placed on these port pins. 

9.3.1 Timer Output Compare Registers 

All output compare registers are 16-bit read/write. Each is initialized to $FFFF at 
reset. If an output compare register is not used for an output compare function, 
it can be used as a storage location. A write to the high-order byte of an output 
compare register pair inhibits the output compare function for one bus cycle. 
This inhibition prevents inappropriate subsequent comparisons. Coherency 
requires a complete 16-bit read or write. However, if coherency is not needed, 
byte accesses can be used. 

For output compare functions, write a comparison value to output compare 
registers TOC[4:1] and TI4/0S. When TCNT value matches the comparison 
value, specified pin actions occur. 

TOC1-TOC4 - Timer Output Compare $1 01 6-$1 01 D 

$1016 TOC1 (High) 
~--~-----+----~----~----+-----r---~-----1 

$1017 TOC1 (Low) 

$1018 TOC2 (High) 

$1019 TOC2(Low) 

$101A T0C3(High) 

$101 B TOC3 (Low) 

$101C TOC4 (High) 

$1010 TOC4 (Low) 

A" TOCx register pairs reset to ones ($FFFF). 

T14/05 - Timer Input Capture 4/0utput Compare S $101E, $101F 

Refer to 9.2.3 Timer Input Capture 4/0utput Compare 5 Register. 
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9.3.2 Timer Compare Force Register 

The CFORC register allows forced early compares. FOC[1 :5] correspond to the 
five output compares. These bits are set for each output compare that is to be 
forced. The action taken as a result of a forced compare is the same as if there 
were a match between the OCx register and the free-running counter, except 
that the corresponding interrupt status flag bits are not set. The forced channels 
trigger their programmed pin actions to occur at the next timer count transition 
after the write to CFORC. 

The CFORC bits should not be used on an output compare function that is 
programmed to toggle its output on a successful compare because a normal 
compare that occurs immediately before or after the force can result in an 
undesirable operation. Reads of this register always return $00 because the 
one state is transitory. 

CFORC - Timer Compare Force 

Bn7 6 5 4 3 

I FOC1 I FOC2 I F0C3 I FOC4 I FOC5 

RESET: 0 0 0 0 0 

FOC[1 :5] - Write Ones to Force Compare(s) 
o = Not affected 
1 = Output x action occurs 

Bits [2:0] - Not implemented 
Always read zero 

9.3.3 Output Compare Mask Registers 

$1008 

2 Bit 0 

o o o 
o o o 

Use OC1 M to specify the bits of port A that are affected by a successful OC1 
compare. The bits of the OC1 M register correspond to PA[7:3]. 

OC1 M - Output Compare 1 Mask 

Bit 7 6 5 4 3 2 Bit 0 

I OC1M7 I OC1M6 I OC1M5 I OC1M4 I OC1M3 I 0 o o 
RESET: 0 0 0 0 0 0 o o 

OC1 M[7:3] - Output Compare Masks 
o = OC1 is disabled for the corresponding port A pin. 
1 = OC1 is enabled to control the corresponding pin of port A. 

Bits [2:0] - Not implemented 
Always read zero 
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9.3.4 Output Compare Data Register 

Use this register to specify the data that is to be stored on the affected pin of port 
A after a successful OC1 compare. When a successful OC1 compare occurs, a 
data bit in OC1 D is stored in the corresponding bit of port A for each bit that is 
set in OC1M. 

OC1 D - Output Compare 1 Data $100D 

Bn? 6 5 4 3 2 Bit 0 

I OC1D? I OC1D6 I OC1D5 I OC1D4 I OC1D3 I o o o 
RESET: o o o o o o o o 

If OC1 Mx is set, data in OC1 Dx is output to port A bit x on successful OC1 
compares. 

Bits [2:0] - Not implemented 
Always read zero 

9.3.5 Timer Counter Register 

The 16-bit read·only TCNT register contains the value of the prescaled 16·bit 
timer. A full counter read addresses the most significant byte first. A read of this 
address causes the least significant byte to be latched into a buffer for the next 
CPU cycle so that a double·byte read returns the full 16·bit state of the counter 
at the time of the read of the most significant byte. 

TCNT - Timer Counter $1 OOE, $1 OOF 

$100E TCNT (High) 
r---~-----+-----r----~----+-----r---~----~ 

$100F TCNT (Low) 

TCNT resets to $0000. 

In normal modes, TCNT is read-only. 

9.3.6 Timer Control Register 1 

The bits of this register specify the action taken as a result of a successful OCx 
compare. 

TCTL 1 - Timer Control 1 

Bit? 

OM2 

RESET: 

MOTOROLA 

9-10 

o 

6 5 

OL2 OM3 

o o 

4 3 2 

OL3 OM4 OL4 

o o o 
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OM[2:S] - Output Mode 
OL[2:S] - Output Level 

These control bit pairs are encoded to specify the action taken after a successful 
OCx compare. OCS functions only if the 14/0S bit in the PACTL register is clear. 
Refer to the following table for the coding. 

OMx OLx Action Taken on Successful Compare 

0 0 Timer disconnected from output pin logic 

0 1 Toggle OCx output line 

1 0 Clear OCx output line to zero 

1 1 Set OCx output line to one 

9.3.7 Timer Interrupt Mask Register 1 

Use this 8-bit register to enable or inhibit the timer input capture and output 
compare interrupts. Bits in TMSK1 correspond bit for bit with flag bits in TFLG1. 
Ones in TMSK1 enable the corresponding interrupt sources. 

TMSK1 - Timer Interrupt Mask 1 $1022 

B~7 6 5 4 3 2 Bit 0 

I OCll I OC21 I OC31 I OC41 14/051 ICll IC21 IC31 

RESET: 0 0 0 0 0 o o o 

OC11-0C41 - Output Compare x Interrupt Enable 
If the OCxl enable bit is set when the OCxF flag bit is set, a hardware interrupt 
sequence is requested. 

14/0S1 - Input Capture 4 or Output Compare S Interrupt Enable 
When 14/0S in PACTL is one, 14/0S1 is the input capture 4 interrupt enable bit. 
When 14/0S in PACTL is zero, 14/0S1 is the output compare S interrupt enable bit. 

IC11-IC31 - Input Capture x Interrupt Enable 
If the ICxl enable bit is set when the ICxF flag bit is set, a hardware interrupt 
sequence is requested. 

9.3.8 Timer Interrupt Flag Register 1 

Bits in this register indicate when timer system events have occurred. Coupled 
with the bits of TMSK1, the bits of TFLG1 allow the timer subsystem to operate 
in either a polled or interrupt driven system. Each bit of TFLG1 corresponds to a 
bit in TMSK1 in the same position. 
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TFLG1 - Timer Interrupt Flag 1 $1023 

B~7 6 5 4 3 2 Bit 0 

I OCl F I OC2F I OC3F I OC4F 14/05F I ICl F IC2F IC3F 

RESET: o o o o o o o o 

Clear flags by writing a one to the corresponding bit position(s). 

OC1 F-GC5F - Output Compare x Flag 
Set each time the counter matches output compare x value. 

14/05F - Input Capture 4/0utput Compare 5 Flag 
Set by IC4 or OC5, depending on the function enabled by 14/05 bit in PACTL. 

IC1 F-IC3F - Input Capture x Flag 
Set each time a selected active edge is detected on the ICx input line. 

9.3.9 Timer Interrupt Mask Register 2 

Use this 8-bit register to enable or inhibit timer overflow and real-time interrupts. 
The timer prescaler control bits are included in this register. 

TMSK2 - Timer Interrupt Mask 2 

Bit 7 654 

TOI RT" PAOVI I PAil 

RESET: o o o o 

TOI- Timer Overflow Interrupt Enable 
o = TOF interrupts disabled 

3 2 

o o 
o o 

1 = Interrupt requested when TOF is set to one 

RTII- Real-time Interrupt Enable 
Refer to 9.4 Real-Time Interrupt. 

PAOVI - Pulse Accumulator Overflow Interrupt Enable 
Refer to 9.6 Pulse Accumulator. 

PAII- Pulse Accumulator Input Edge Interrupt Enable 
Refer to 9.6 Pulse Accumulator. 

NOTE 

$1024 

Bit 0 

PRl PRO 

o o 

Bits in TMSK2 correspond bit for bit with flag bits in TFLG2. Ones 
in TMSK2 enable the corresponding interrupt sources. 
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PR[1 :0] - Timer Prescaler Select 
These bits are used to select the prescaler divide-by ratio. In normal modes, 
PR[1 :0] can only be written once, and the write must be within 64 cycles after reset. 
Refer to Table 9-1 for specific timing values. 

PR[1 :0] Prescaler 

00 1 

01 4 

10 8 

11 16 

9.3.10 Timer Interrupt Flag Register 2 

Bits in this register indicate when certain timer system events have occurred. 
Coupled with the four high-order bits of TMSK2, the bits of TFLG2 allow the 
timer subsystem to operate in either a polled or interrupt driven system. Each 
bit of TFLG2 corresponds to a bit in TMSK2 in the same position. 

TFLG2 - Timer Interrupt Flag 2 

Btt7 6 5 4 3 2 Bit 0 

I TOF I RTIF I PAOVF I PAIF o o o o 
RESET: o o o o o o o o 

Clear flags by writing a one to the corresponding bit position(s). 

TOF - Timer Overflow Interrupt Flag 
Set when TCNT changes from $FFFF to $0000. 

RTIF - Real-Time (Periodic) Interrupt Flag 
Refer to 9.4 Real-Time Interrupt. 

PAOVF - Pulse Accumulator Overflow Interrupt Flag 
Refer to 9.6 Pulse Accumulator. 

PAIF - Pulse Accumulator Input Edge Interrupt Flag 
Refer to 9.6 Pulse Accumulator. 

Bits [3:0] - Not implemented 
Always read zero 

9.4 Real-Time Interrupt 

$1025 

The real-time interrupt (RTI) feature, used to generate hardware interrupts at a 
fixed periodic rate, is controlled and configured by two bits (RTR1 and RTRO) in 
the pulse accumulator control (PACTL) register. The RTII bit in the TMSK2 
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register enables the interrupt capability. The four different rates available are a 
product of the MCU oscillator frequency and the value of bits RTR[1 :0]. Refer to 
the following table, which shows the periodic real-time interrupt rates. 

RTR[1 :0] E = 1 MHz E = 2 MHz E = 3 MHz E = X MHz 

00 2.731 ms 4.096 ms 8.192 ms (E/213) 

o 1 5.461 ms 8.192 ms 16.384 ms (E/214) 

1 0 10.923 ms 16.384 ms 32.768 ms (E/215) 

1 1 21.845 ms 32.768 ms 65.536 ms (E/216) 

The clock source for the RTI function is a free-running clock that cannot be 
stopped or interrupted except by reset. This clock causes the time between 
successive RTI timeouts to be a constant that is independent of the software 
latencies associated with flag clearing and service. For this reason, an RTI 
period starts from the previous timeout, not from when RTIF is cleared. 

Every timeout causes the RTIF bit in TFLG2 to be set, and if RTII is set, an 
interrupt request is generated. After reset, one entire RTI period elapses before 
the RTIF flag is set for the first time. Refer to the TMSK2, TFLG2, and PACTL 
registers. 

9.4.1 Timer Interrupt Mask Register 2 

This register contains the real-time interrupt enable bits. 

TMSK2 - Timer Interrupt Mask Register 2 

Bit 7 654 3 2 

TOI RTII PAOVI I PAil o o 
RESET: 0 000 o o 

TOI- Timer Overflow Interrupt Enable 
Refer to 9.3.9 Timer Interrupt Mask Register 2. 

RTII- Real-Time Interrupt Enable 
0= RTIF interrupts disabled 
1 = Interrupt requested when RTIF is set to one 

PAOVI- Pulse Accumulator Overflow Interrupt Enable 
Refer to 9.6 Pulse Accumulator. 

PAII- Pulse Accumulator Input Edge Interrupt Enable 
Refer to 9.6 Pulse Accumulator. 

MOTOROLA 

9-14 

TIMING SYSTEM 

PRl 

o 

Bit 0 

PRO 

o 

$1024 

MC68HC11E9 

TECHNICAL DATA 



NOTE 

Bits in TMSK2 correspond bit for bit with flag bits in TFLG2. Ones 
in TMSK2 enable the corresponding interrupt sources. 

9.4.2 Timer Interrupt Flag Register 2 

Bits of this register indicate the occurrence of timer system events. Coupled 
with the four high-order bits of TMSK2, the bits of TFLG2 allow the timer 
subsystem to operate in either a polled or interrupt driven system. Each bit of 
TFLG2 corresponds to a bit in TMSK2 in the same position. 

TFLG2 - Timer Interrupt Flag 2 $1025 

Bn7 6 5 4 3 2 BnO 

I TOF I RTIF I PAOVF I PAIF o o o o 
RESET: 0 0 0 0 o o o o 

Clear flags by writing a one to the corresponding bit position(s). 

TOF - Timer Overflow Interrupt Flag 
Refer to 9.3.10 Timer Interrupt Flag Register 2. 

RTIF - Real-Time Interrupt Flag 
The RTIF status bit is automatically set to one at the end of every RTI period. To 
clear RTIF, write a byte to TFLG2 with bit 6 set. 

PAOVF - Pulse Accumulator Overflow Interrupt Flag 
Refer to 9.6 Pulse Accumulator. 

PAIF - Pulse Accumulator Input Edge Interrupt Flag 
Refer to 9.6 Pulse Accumulator. 

Bits [3:0] - Not implemented 
Always read zero. 

9.4.3 Pulse Accumulator Control Register 

Bits RTR[1 :0] of this register select the rate for the RTI system. Bit DDRA3 
determines whether Port A bit three is an input or an output when used for 
general-purpose I/O. The remaining bits control the pulse accumulator. 
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PACTL - Pulse Accumulator Control $1026 

Bft? 6 5 4 3 2 BftO 

I DORA? I PAEN I PAMOD I PEDGE I DDRA3 I 14/05 RTR1 RTRO 

RESET: o o o o o o o o 

DDRA7 - Data Direction Control for Port A Bit 7 
Refer to SECTION 6 PARALLEL INPUT/OUTPUT as well as 9.6 Pulse 
Accumulator. 

PAEN - Pulse Accumulator System Enable 
Refer to 9.6 Pulse Accumulator. 

PAMOD - Pulse Accumulator Mode 
Refer to 9.6 Pulse Accumulator. 

PEDGE - Pulse Accumulator Edge Control 
Refer to 9.6 Pulse Accumulator. 

DDRA3 - Data Direction Register for Port A Bit 3 
Refer to SECTION 6 PARALLEL INPUT/OUTPUT. 

14/05 - Input Capture 4/0utput Compare 5 
Refer to 9.2 Input Capture and 9.3 Output Compare. 

RTR[1 :0]- RTllnterrupt Rate Select 
These two bits determine the rate at which the RTI system requests interrupts. The 
RTI system is driven by an E divided by 213 rate clock that is compensated so it is 
independent of the timer prescaler. These two control bits select an additional 
division factor. 

9.5 Computer Operating Properly Watchdog Function 

The clocking chain for the COP function, tapped off of the main timer divider 
chain, is only superficially related to the main timer system. The CR[1 :0] bits in 
the OPTION register, and the NOCOP bit in the CON FIG register, determine the 
status of the COP function. These bits are discussed in the following 
paragraphs. Refer to SECTION 5 RESETS AND INTERRUPTS for a more 
detailed discussion of the COP function. 
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9.5.1 OPTION Register 

OPTION - System Configuration Options $1039 

Btt? 6 5 4 3 2 Bit 0 

I ADPU I CSEL I IROE" I DL Y" I CME o CR1" CRO" 

RESET: 0 0 0 1 0 o o 0 

"Can be written only once in first 64 cycles out of reset in normal modes, or at any time in special modes. 

ADPU - AID Power-Up 
Refer to SECTION 10 ANALOG-TO-DIGITAL CONVERTER. 

CSEL - Clock Select 
Refer to SECTION 10 ANALOG-TO-DIGITAL CONVERTER. 

IROE - Configure IRO for Edge Sensitive Only Operation 
Refer to SECTION 4 OPERATING MODES AND ON-CHIP MEMORY. 

DL Y - Enable Oscillator Startup Delay 
Refer to SECTION 4 OPERATING MODES AND ON-CHIP MEMORY. 

CME - Clock Monitor Enable 
Refer to SECTION 5 RESETS AND INTERRUPTS. 

Bit 2 - Not implemented 
This bit always reads zero. 

CR[1 :0] - COP Timer Rate Select Bits 
The MCU internal E clock is first divided by 215 before it enters the COP system. 
The CR1 and CRO control bits control additional scaling for the watchdog timer. 
After reset, the timeout period is configured for the shortest duration by default. In 
normal operating modes, these bits can only be written once, and that write must 
take place within the first 64 bus cycles after reset. Refer to SECTION 5 
RESETS AND INTERRUPTS for further information. 

9.5.2 CONFIG Register 

The system configuration register controls the presence of ROM and EEPROM 
in the memory map. It also enables the COP watchdog system. 

CON FIG - Configuration Control Register 

Bit? 

o 
RESET: 0 
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Bits [7:4] - Not implemented 
These bits always read zero. 

NOSEC - Security Disable 
Refer to SECTION 4 OPERATING MODES AND ON-CHIP MEMORY. 

NOCOP - COP System Disable 
This bit enables and disables the COP system. In test and bootstrap modes, 
NOCOP comes out of reset equal to one and is writable at any time. Because this 
bit is EEPROM based it must be programmed. For more information on 
programming EEPROM refer to 4.2.3 EEPROM and CONFIG Programming. 

o = The COP system is enabled as the MCU comes out of reset. 
1 = The COP system is disabled and does not generate system resets. 

ROMON - ROM Enable 
Refer to SECTION 4 OPERATING MODES AND ON-CHIP MEMORY. 

EEON - Enable On-Chip EEPROM 
Refer to SECTION 4 OPERATING MODES AND ON-CHIP MEMORY. 

9.6 Pulse Accumulator 

The MC68HC11 E9 has an 8-bit counter that can be configured to operate either 
as a simple event counter, or for gated time accumulation, depending on the 
state of the PAMOD bit in the PACTl register. Refer to the pulse accumulator 
block diagram, Figure 9-3. 

In the event counting mode, the 8-bit counter is clocked to increasing values by 
an external pin. The maximum clocking rate for the external event counting 
mode is the E clock divided by two. In gated time accumulation mode, a free­
running E-clock + 64 signal drives the 8-bit counter, but only while the external 
PAl pin is activated. Refer to Table 9-3. The pulse accumulator counter can be 
read or written at any time. 
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E+ 64 CLOCK 
(FROM MAIN TIMER) 

FROM 
MAIN TIMER 

OC1 

PAOVI 

PAOVF 

PAil 

PAiF 

PAl EDGE 

PAEN 

OVERFLOW 

CLOCK -J 
I-+--+-=~-+ -- '"--I PACNT 8-81T COUNTER 

PAEN 

INTERNAL 
DATA8US 

Figure 9-3. Pulse Accumulator 

Table 9-3. Pulse Accumulator Timing (Gated) 

Common XTAL Frequencies 

Selected 
Crystal 4.0 MHz 8.0 MHz 12.0 MHz 

CPU Clock (E) 1.0 MHz 2.0 MHz 3.0 MHz 

Cycle Time (1/E) 1000 ns 500 ns 333 ns 

Pulse Accumulator (in Gated Mode) 

(El26) 1 count- 64.0 lIS 32.0 Ils 21.33 lIS 
(EI214) overflow- 16.384 ms 8.192 ms 5.461 ms 

Pulse accumulator control bits are also located within two timer registers, 
TMSK2 and TFLG2, as described in the following paragraphs. 

MC68HC11E9 

TECHNICAL DATA 

TIMING SYSTEM MOTOROLA 
9-19 



9.6.1 Pulse Accumulator Control Register 

Four of this register's bits control an 8-bit pulse accumulator system. Another bit 
enables either the OC5 function or the IC4 function, while two other bits select 
the rate for the real-time interrupt system. 

PACTL - Pulse Accumulator Control $1026 

B~? 6 5 4 3 2 B~O 

I DDRA? I PAEN I PAMOD I PEDGE I DDRA3 I 14/05 RTR1 RTRO 

RESET: o o o o o o o o 

DDRA7 - Data Direction Control for Port A Bit 7 
The pulse accumulator uses port A bit 7 as the PAl input, but the pin can also be 
used as general-purpose I/O or as an output compare. Note that even when port A 
bit 7 is configured as an output, the pin still drives the input to the pulse 
accumulator. Refer to SECTION 6 PARALLEL INPUT/OUTPUT for more 
information. 

PAEN - Pulse Accumulator System Enable 
o = Pulse Accumulator disabled 
1 = Pulse Accumulator enabled 

PAMOD - Pulse Accumulator Mode 
0= Event counter 
1 = Gated time accumulation 

PEDGE - Pulse Accumulator Edge Control 
This bit has different meanings depending on the state of the PAMOD bit, as shown 
in the following table: 

PAMOD PEDGE Action on Clock 

0 0 PAl falling edge increments the counter. 

0 1 PAl rising edge increments the counter. 

1 0 A zero on PAl inhibits counting. 

1 1 A one on PAl inhib~s counting. 

DDRA3 - Data Direction Register for Port A Bit 3 
Refer to SECTION 6 PARALLEL INPUT/OUTPUT. 

14/05 - Input Capture 4/0utput Compare 5 
Refer to 9.2 Input Capture. 

RTR[1 :0] - RTI Interrupt Rate Selects 
Refer to 9.4 Real-Time Interrupt. 

MOTOROLA 

9-20 
TIMING SYSTEM MC68HC11E9 

TECHNICAL DATA 



9.6.2 Pulse Accumulator Count Register 

This a-bit read/write register contains the count of external input events at the 
PAl input, or the accumulated count. The counter is not affected by reset and 
can be read or written at any time. Counting is synchronized to the internal PH2 
clock so that incrementing and reading occur during opposite half cycles. 

PACNT - Pulse Accumulator Count $1027 

Bit 7 6 5 4 3 2 Bit 0 

Bit 7 6 5 4 3 2 Bit 0 

9.6.3 Pulse Accumulator Status and Interrupt Bits 

The pulse accumulator control bits, PAOVI and PAil, PAOVF and PAIF are 
located within timer registers TMSK2 and TFLG2. 

PAOVI and PAOVF - Pulse Accumulator Interrupt Enable and Overflow Flag 
The PAOVF status bit is set each time the pulse accumulator count rolls over from 
$FF to $00. To clear this status bit, write a one in the corresponding data bit 
position (bit 5) of the TFLG2 register. The PAOVI control bit allows configuring the 
pulse accumulator overflow for polled or interrupt-driven operation and does not 
affect the state of PAOVF. When PAOVI is zero, pulse accumulator overflow 
interrupts are inhibited, and the system operates in a polled mode, which requires 
PAOVF to be polled by user software to determine when an overflow has occurred. 
When the PAOVI control bit is set, a hardware interrupt request is generated each 
time PAOVF is set. Before leaving the interrupt service routine, software must clear 
PAOVF by writing to the TFLG2 register. 

PAil and PAIF - Pulse Accumulator Input Edge Interrupt Enable and Flag 
The PAIF status bit is automatically set each time a selected edge is detected at the 
PA7/PAI/OC1 pin. To clear this status bit, write to the TFLG2 register with a one in 
the corresponding data bit position (bit 4). The PAil control bit allows configuring 
the pulse accumulator input edge detect for polled or interrupt-driven operation but 
does not affect setting or clearing the PAIF bit. When PAil is zero, pulse 
accumulator input interrupts are inhibited, and the system operates in a polled 
mode. In this mode, the PAIF bit must be polled by user software to determine 
when an edge has occurred. When the PAil control bit is set, a hardware interrupt 
request is generated each time PAIF is set. Before leaving the interrupt service 
routine, software must clear PAIF by writing to the TFLG2 register. 
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TMSK2 - Timer Interrupt Mask 2 

Bit? 6 5 

TOI RTII I PAOVI I 
RESET: 0 0 0 

TFLG2 - Timer Interrupt Flag 2 

Bit? 

TOF 

RESET: 0 
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SECTION 10 
ANALOG-TO-DIGITAL CONVERTER 

The analog-to-digital (AID) system, a successive approximation converter, uses 
an all-capacitive charge redistribution technique to convert analog signals to 
digital values. 

10.1 Overview 

The AID system is an a-channel, a-bit, multiplexed-input converter. It does not 
require external sample and hold circuits because of the type of charge 
redistribution technique used. AID converter timing can be synchronized to the 
system E clock, or to an internal resistor capacitor (RC) oscillator. The internal 
oscillator is recommended for clock frequencies of 750 kHz and below. The AID 
converter system consists of four functional blocks: multiplexer, analog 
converter, digital control, and result storage. Refer to Figure 10-1. 

10.1.1 Multiplexer 

The multiplexer selects one of 16 inputs for conversion. Input selection is 
controlled by the value of bits CD-CA in the ADCTL register. The eight port E 
pins are fixed-direction analog inputs to the multiplexer, and additional internal 
analog signal lines are routed to it. 
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ANALOG 
MUX 

RESULT 

ADClL AID CONTROL 

Figure 10-1. AID Converter Block Diagram 

INTERNAL 
DATA BUS 

Port E pins can also be used as digital inputs. Digital reads of port E pins are 
not recommended during the sample portion of an AID conversion cycle, when 
the gate signal to the N-channel input gate is on. Because no P-channel 
devices are directly connected to either input pins or reference voltage pins, 
voltages above VDD do not cause a latchup problem, although current should 
be limited according to maximum ratings. Refer to Figure 10-2, which is a 
functional diagram of an input pin. 
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Figure 10-2. Electrical Model of an AID Input Pin (Sample Mode) 

10.1.2 Analog Converter 

Conversion of an analog input selected by the multiplexer occurs in this block. 
It contains a digital-to-analog capacitor (DAC) array, a comparator, and a 
successive approximation register. Each conversion is a sequence of eight 
comparison operations, beginning with the most significant bit (MSB). Each 
comparison determines the value of a bit in the successive approximation 
register (SAR). 

The DAC array performs two functions. It acts as a sample and hold circuit 
during the entire conversion sequence, and provides comparison voltage to the 
comparator during each successive comparison. 

The result of each successive comparison is stored in the SAR. When a 
conversion sequence is complete, the contents of the SAR are transferred to the 
appropriate result register. 

A charge pump provides switching voltage to the gates of analog switches in 
the multiplexer. Charge pump output must stabilize between 7 and 8 volts 
before the converter can be used. The charge pump is disabled coming out of 
reset and enabled by the AID power-up (ADPU) bit in the OPTION register. 

10.1.3 Digital Control 

All AID converter operations are controlled by bits in register ADCTL. In 
addition to selecting the analog input to be converted, ADCTl bits indicate 
conversion status, and control whether single or continuous conversions are 
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performed. Finally, the ADCTL bits determine whether conversions are 
performed on single or multiple channels. 

10.1.4 Result Registers 

Four a-bit registers (ADR[4:1]) store conversion results. Each of these registers 
can be accessed by the processor in the CPU. The conversion complete flag 
(CCF) indicates when valid data is present in the result registers. The result 
registers are written during a portion of the system clock cycle when reads do 
not occur, so there is no conflict. 

10.1.5 AID Converter Clocks 

The CSEL bit in the OPTION register selects whether the AID converter uses the 
system E clock or an internal RC oscillator for synchronization. When E-clock 
frequency is below 750 kHz, charge leakage in the capacitor array can cause 
errors, and the internal oscillator should be used. When the RC clock is used, 
additional errors can occur because the comparator is sensitive to the 
additional system clock noise. 

10.1.6 Conversion Sequence 

AID converter operations are performed in sequences of four conversions each. 
A conversion sequence can repeat continuously or stop after one iteration. The 
conversion complete flag (CCF) is set after the fourth conversion in a sequence 
to show the availability of data in the result registers. Figure 10-3 shows the 
timing of a typical sequence. Synchronization is referenced to the system E 
clock. 
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Figure 10-3. AID Conversion Sequence 

10.2 AID Converter Power-Up and Clock Select 

Bit 7 of the OPTION register controls AID converter power-up. Clearing ADPU 
removes power from and disables the AID converter system. Setting ADPU 
enables the AID converter system. Stabilization of the analog bias voltages 
requires a delay of as much as 100 /-Ls after turning on the AID converter. When 
the AID converter system is operating with the MCU E clock, all switching and 
comparator operations are synchronized to the MCU clocks. This allows the 
comparator results to be sampled at quiet times, which minimizes noise errors. 
The internal RC oscillator is asynchronous to the MCU clock, so noise affects 
AID converter results, which lowers accuracy slightly, while CSEL = 1. 

OPTION - System Configuration Options $1039 

Bit 7 6 5 4 3 2 Bit 0 

ADPU CSEL IROE" DLY" CME 0 CR1"' CRO" 

RESET: 0 0 0 1 0 0 0 0 

"'Can be written only once in first 64 cycles out of reset in normal modes, or at any time in special modes 
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ADPU - ND Power-Up 
0= ND powered down 
1 = ND powered up 

CSEL - Clock Select 
0= A/D and EEPROM use system E clock 
1 = ND and EEPROM use internal RC clock 

IROE - Configure IRQ for Edge-Sensitive-Only Operation 
Refer to SECTION 4 OPERATING MODES AND ON-CHIP MEMORY. 

DLY - Enable Oscillator Startup Delay 
Refer to SECTION 4 OPERATING MODES AND ON-CHIP MEMORY. 

CME - Clock Monitor Enable 
Refer to SECTION 5 RESETS AND INTERRUPTS. 

Bit 2 - Not implemented 
Always reads zero 

CR[1 :0] - COP Timer Rate Select Bits 
Refer to SECTION 5 RESETS AND INTERRUPTS and SECTION 9 
TIMING SYSTEM. 

10.3 Conversion Process 

The ND conversion sequence begins one E-clock cycle after a write to the ND 
control/status register, ADCTL. The bits in ADCTL select the channel and the 
mode of conversion. 

An input voltage equal to VRL converts to $00 and an input voltage equal to VRH 

converts to $FF (full scale), with no overflow indication. For ratiometric 
conversions of this type, the source of each analog input should use VRH as the 
supply voltage and be referenced to VRL. 

10.4 Channel Assignments 

The multiplexer allows the ND converter to select one of sixteen analog signals. 
Eight of these channels correspond to port E input lines to the MCU, four of the 
channels are internal reference points or test functions, and four channels are 
reserved. Refer to Table 10-1. 
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Table 10-1. AID Converter Channel Assignments 

Channel Channel Signal Result In ADRx If 
Select MULT = 1 

1 ANO ADR1 

2 AN1 ADR2 

3 AN2 ADR3 

4 AN3 ADR4 

5 AN4 ADR1 

6 AN5 ADR2 

7 AN6 ADR3 

8 AN7 ADR4 

9-12 Reserved -
13 VRH'" ADR1 

14 VRL'" ADR2 

15 (VRH)I2'" ADR3 

16 Reserved'" ADR4 

'"Used for factory testing 

10.5 Single-Channel Operation 

There are two types of single-channel operation. When SCAN = 0, the first type, 
the single selected channel is converted four consecutive times. The first result 
is stored in AID result register 1 (ADR1), and the fourth result is stored in ADR4. 
After the fourth conversion is complete, all conversion activity is halted until a 
new conversion command is written to the ADCTL register. In the second type 
of single-channel operation, SCAN = 1, conversions continue to be performed 
on the selected channel with the fifth conversion being stored in register ADR1 
(overwriting the first conversion result), the sixth conversion overwriting ADR2, 
and so on. 

10.6 Multiple-Channel Operation 

There are two types of multiple-channel operation. When SCAN = 0, the first 
type, a selected group of four channels is converted one time each. The first 
result is stored in AID result register 1 (ADR1), and the fourth result is stored in 
ADR4. After the fourth conversion is complete, all conversion activity is halted 
until a new conversion command is written to the ADCTL register. In the second 
type of multiple-channel operation, SCAN = 1, conversions continue to be 
performed on the selected group of channels with the fifth conversion being 
stored in register ADR1 (replacing the earlier conversion result for the first 
channel in the group), the sixth conversion overwriting ADR2, and so on. 
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10.7 Operation in STOP and WAIT Modes 

If a conversion sequence is in progress when either the STOP or WAIT mode is 
entered, the conversion of the current channel is suspended. When the MCU 
resumes normal operation, that channel is resampled and the conversion 
sequence is resumed. As the MCU exits the WAIT mode, the AID circuits are 
stable and valid results can be obtained on the first conversion. However, in 
STOP mode, all analog bias currents are disabled and it is necessary to allow a 
stabilization period when leaving the STOP mode. If the STOP mode is exited 
with a delay (DL Y = 1), there is enough time for these circuits to stabilize before 
the first conversion. If the STOP mode is exited with no delay (DL Y bit in 
OPTION register = 0), allow enough time for the AID circuitry to stabilize to avoid 
invalid results. 

10.8 AID Control/Status Registers 

All bits in this register can be read or written, except bit 7, which is a read-only 
status indicator, and bit 6, which always reads as zero. Write to ADCTL to 
initiate a conversion. To quit a conversion in progress, write to this register and 
a new conversion sequence begins immediately. 

ADCTL - AID Control/Status $1030 

Bit 7 654 3 2 Bit 0 

I CCF I o I SCAN I MULT CD cc CB CA 

RESET: 0 o U U U U U U 

CCF - Conversions Complete Flag 
A read-only status indicator, this bit is set when all four AID result registers contain 
valid conversion results. Each time the ADCTL register is overwritten, this bit is 
automatically cleared to zero and a conversion sequence is started. In the 
continuous mode, CCF is set at the end of the first conversion sequence. 

Bit 6 - Not implemented 
Always reads zero 

SCAN - Continuous Scan Control 
When this control bit is clear, the four requested conversions are performed once to 
fill the four result registers. When this control bit is set, conversions continue in a 
round-robin fashion with the result registers updated as data becomes available. 

MUL T - Multiple-ChanneI/Single-Channel Control 
When this bit is clear, the AID converter system is configured to perform four 
consecutive conversions on the single channel specified by the four channel select 
bits CD-CA (bits [3:0] of the ADCTL register). When this bit is set, the AID system is 
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configured to perform a conversion on each of four channels where each result 
register corresponds to one channel. 

CAUTION 

When the multiple-channel continuous scan mode is used. extra 
care is needed in the design of circuitry driving the AID inputs. 
The charge on the capacitive DAC array before the sample time is 
related to the voltage on the previously converted channel. A 
charge share situation exists between the internal DAC 
capacitance and the external circuit capacitance. Although the 
amount of charge involved is small. the rate at which it is repeated 
is every 64 Ils for an E clock of 2 MHz. The RC charging rate of the 
external circuit must be balanced against this charge sharing 
effect to avoid errors in accuracy. Refer to M68HC11 Reference 
Manual for further information. 

CD-CA - Channel Selects D-A 
Refer to Table 10-2. When a multiple channel mode is selected (MUL T = 1). the 
two least significant channel select bits (CB and CA) have no meaning and the CD 
and CC bits specify which group of four channels is to be converted. 

MC68HC11E9 
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Table 10-2. AID Converter Channel Selection 

Channel Select Channel Signal Result In ADRx If 
Control Bits MULT = 1 

CD:CC:CB:CA 

0000 ANO ADR1 

0001 AN1 ADR2 

0010 AN2 ADR3 

0011 AN3 ADR4 

0100 AN4 ADR1 

0101 AN5 ADR2 

0110 AN6 ADR3 

0111 AN7 ADR4 

10XX Reserved -
1100 VRH* ADR1 

1101 VRL* ADR2 

1110 (VRH)I2* ADR3 

1111 Reserved* ADR4 

*Used for factory testing 
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10.9 AID Converter Result Registers 

These read-only registers hold an a-bit conversion result. Writes to these 
registers have no effect. Data in the AID converter result registers is valid when 
the CCF flag in the ADCTL register is set, indicating a conversion sequence is 
complete, If conversion results are needed sooner, refer to Figure 10-3, which 
shows the ND conversion sequence diagram. 

ADR[4:1] - AID Results 

$1031 Bit 7 6 5 4 3 2 

$1032 Bit 7 6 5 4 3 2 

$1033 Bit 7 6 5 4 3 2 

$1034 Bit 7 6 5 4 3 2 
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APPENDIX A 
ELECTRICAL CHARACTERISTICS 

Table A-1. Maximum Ratings 

Rating Symbol Value 

Supply Voltage Voo -0.3to + 7.0 

Input Voltage Yin -0.3to + 7.0 

Operating Temperature Range TA TL toTH 
MC68HC11E9 Oto + 70 
MC68HC11 E9C -40 to + 85 
MC68HC11 E9V -40to+105 
MC68HC11 E9M -40to+ 125 

Storage Temperature Range Tstg -55to+ 150 

Current Drain per Pin" ID 25 
Excluding VDD. VSS. AVOO. VAH. and VRL 

"One pin at a time. observing maximum power dissipation limits. 

Unit 

V 

V 

"C 

"C 

mA 

Internal circuitry protects the inputs against damage caused by high static voltages or 
electric fields; however, normal precautions are necessary to avoid application of any 
voltage higher than maximum-rated voltages to this high-impedance circuit. Extended 
operation at the maximum ratings can adversely affect device reliability. Tying unused 
inputs to an appropriate logic voltage level (either GND or VDD) enhances reliability of 
operation. 

Table A-2. Thermal Characteristics 

Characteristic Symbol Value Unit 

Average Junction Temperature TJ TA+(PDX8JA) "C 

Ambient Temperature TA User-determined "C 

Package Thermal Resistance (Junction-to-Ambient) 8JA °cm 
52-Pin Plastic Leaded Chip Carrier 50 
64-Pin Quad Flat Pack 50 

Total Power Dissipation PD PINT+PIIO W 
K I (T J + 273°C) (Note 1) 

Device Internal Power Dissipation PINT 100 XVDD W 

110 Pin Power Dissipation PlIO (Note 2) User-determined W 

A Constant K PD x (TA + 273°C) + w·oc 
8JA x PD2 (Note 3) 

NOTES: 
1. This is an approximate value. neglecting PliO. 

2. For most applications PliO « PINT and can be neglected. 
3. K is a constant pertaining to the device. Solve for K with a known TA and a measured PD (at equilibrium). 

Use this value of K to solve for PD and TJ iteratively for any value of TA. 

MC68HC11E9 

TECHNICAL DATA 

APPENDIX A 

ELECTRICAL CHARACTERISTICS 

MOTOROLA 

A-1 



Table A-3. DC Electrical Characteristics 

Voo = 5.0 Vdc ± 10%, Vss = 0 Vdc, TA = TL 10 T H, unless otherwise noted 

Characteristics Symbol Min Max Unit 

Output Voltage (Note 1) All Outputs except XTAL VOL - 0.1 V 
All Outputs Except XT AL, RESET, and MODA VOH Voo -0.1 -

ILoad = ± 10.0 ~ 

Output High Voltage (Note 1) All Outputs Except XT AL, VOH Voo -0.8 - V 
RESET, and MODA 

ILoad = - 0.8 rnA, VOO = 4.5 V 

Output Low Voltage All Outputs Except XTAL VOL - 0.4 V 
ILoad = 1.6 rnA 

Input High Voltage All Inputs Except RESET VIH 0.7xVOO Voo + 0.3 V 
RESET 0.8x VOO Voo + 0.3 

Input Low Voltage All Inputs VIL Vss -0.3 0.2 x VOO V 

1/0 Ports, Three-State Leakage PA7, PA3, PC[7:0j, IOZ - ±10 ~ 
PD[5:01..ASISTRA, 

Vin = VIH or VIL MODA/LlR, RESET 

Input Leakage Current (Note 2) --- lin ~ 
Vin = VOO or Vss PA[2:0j, IRQ, XIRQ - ±1 

Vin = Voo or Vss MODBNSTBY - ±10 

RAM Standby Voltage Power down VSB 4.0 Voo V 

RAM Standby Current Power down ISB - 10 ~ 
Total Supply Current (Note 3) 

RUN: 100 rnA 
Single-Chip Mode 2 MHz - 15 

3 MHz - 27 
Expanded Multiplexed 2 MHz - 27 

3 MHz - 35 
WAIT: WIOO rnA 

All Peripheral Functions Shut Down 
Single-Chip Mode 2 MHz - 6 

3 MHz - 15 
Expanded Multiplexed Mode 2 MHz - 10 

3 MHz - 20 
STOP: SIOO ~ 

No Clocks, Single-Chip Mode - 50 

Input Capacitance PA[2:0j, PE[7:0j, IRQ, XIRQ, EXTAL Gin - 8 pF 
PA7, PA3, PC[7;QlPD[5:0j, - 12 

AS/STRA, MODA/LlR, RESET 

Power Dissipation Po mW 
Single-Chip Mode 2 MHz - 85 

3 MHz - 150 
Expanded Multiplexed Mode 2MHz - 150 

3 MHz - 195 

NOTES: 

1. VOH specification for RESET and MODA is not applicable because they are open-drain pins. VOH 
specification not applicable to ports C and D in wired-OR mode. 

2. Refer to AID specification for leakage current for port E. 
3. EXTAL is driven with a square wave, and 

teye = 500 ns for 2 MHz rating; 
teye = 333 ns for 3 MHz rating; 
VIL~ 0.2 V; 
VIH ~ Voo - 0.2 V; 
Nodc loads. 
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TEST_+_ ...... 
POINT 

-- ~Voo 
CLOCKS, 

STROBES 

R2 

Rl 

Equivalent Test Load 1 

Pins R1 R2 C1 

PA[7:31 3.26K 2.38K 90pF 
PB[7:01 
PC[7:01 
PD5,..fD[1 :01 
E RNI, AS 

PD[4:21 3.26K 2.38K 200pF 

INPUTS 
______ ~~-----_jt"---------i-70%OfVOO 

-20%ofVoo 

--~Voo 
Voo - 0.8 Vohs 

OUTPUTS 

NOMINAL TIMING J 
...:O~.4...:V~0=lm ______________ _ 

-- ~Vss ---------

L--____ DC TESTING 

--~V 

CLOCKS, DO 
STROBES 

f'--""":::::""'- ~ Vss ----~~ 

(NOTE 2) 

INPUTS ______ + ______ -<1 ---70% of Voo --- 1}-_V_o_o-_O_.S_V_O_hS ___ _ 
___ 20% of Voo __ _ 

-0.4Volm 

-- ~Voo ---------- -
SPEC TIMING J( 

OUTPUTS 70% of Voo 
20% of Voo 

-- ~VSS -------- ---=--------------
'------ AC TESTING 

NOTES: 
1. Full test loads are applied during all DC electrical tests and AC timing measurements. 
2. During AC timing measurements, inputs are driven to 0.4 volts and Voo - 0.8 volts while timing measurements are 

taken at the 20% and 70% of Voo points. 
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Table A-4. Control Timing 

Voo = 5.0 Vdc± 10%, Vss = 0 Vdc, TA = TL to TH 

Characteristic Symbol 1.0 MHz 2.0 MHz 3.0 MHz Unit 

Min Max Min Max Min Max 

Frequency of Operation fo dc 1.0 dc 2.0 dc 3.0 MHz 

E·Clock Period tcyc 1000 - 500 - 333 - ns 

Crystal Frequency fXTAL - 4.0 - 8.0 - 12.0 MHz 

External Oscillator Frequency 4fo dc 4.0 dc 8.0 dc 12.0 MHz 

Processor Control Setup tpcsu = 1/4 teyc + 50 ns tpcsu 300 - 175 - 133 - ns 
lime 

Reset Input Pulse Width (To Guarantee External PWRSTL tcyc 
(Note 1) Reset Vector) 8 - 8 - 8 -

(Minimum Input Time; 1 - 1 - 1 -
Can Be Preempted by 

Internal Reset) 

Mode Programming Setup Time tMPS 2 - 2 - 2 - tcyc 

Mode Programming Hold Time tMPH 10 - 10 - 10 - ns 

Interrupt Pulse Width, PWIRO = teyc + 20 ns PWIRO 1020 - 520 - 353 - ns 
IRQ Edge·Sensitive Mode 

Wait Recovery Startup Time tWAS - 4 - 4 - 4 tcyc 

Timer Pulse Width PWTIM = teyc + 20 ns PWTIM 1020 - 520 - 353 - ns 
Input Capture 
Pulse Accumulator Input 

NOTES: 

1. RESET is recognized during the first clock cycle it is held low. Internal circuitry then drives the pin low for 
four clock cycles, releases the pin, and samples the pin level two cycles later to determine the source of 
the interrupt. Refer to SECTION 5 RESETS AND INTERRUPTS for further detail. 

2. All timing is shown with respect to 20% VDD and 70% VDD, unless otherwise noted. 

PA[3:0]1 

PA[3:0]2 

PA]2·3 

NOTES: 
1. Rising edge sensitive input 
2. Falling edge sensitive input 
3. Maximum pulse accumulator clocking rate is E-clock frequency divided by 2. 
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Figure A-4. STOP Recovery Timing Diagram 
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Table A-5. Peripheral Port Timing 

Characteristic Symbol 1.0 MHz 2.0 MHz 3.0 MHz 

Min Max Min Max Min Max 

Frequency of Operation (E·Ciock Frequency) fo dc 1.0 dc 2.0 dc 3.0 

E·Ciock Period teye 1000 - 500 - 333 -
Peripheral Data Setup Time tpDSU 100 - 100 - 100 -

(MCU Read of Ports A, C, D, and E) 

Peripheral Data Hold TIme tpDH 50 - 50 - 50 -
(MCU Read of Ports A, C, D, and E) 

Delay Time, Peripheral Data Write tpWD 

MCU Write to Port A - 200 - 200 - 200 

MCU Writes to Ports B, C, and D 
tpWD = 1/4 tcye + 100 ns - 350 - 225 - 183 

Input Data Setup Time (Port C) tiS 60 - 60 - 60 -
Input Data Hold Time (Port C) tlH 100 - 100 - 100 -

Delay Time, E Fall to STRB tDEB - 350 - 225 - 183 
tDEB = 1/4 tcye + 100 ns 

Setup Time, STRA Asserted to E Fall (Note 1) tAES 0 - 0 - 0 -
Delay Time, STRA Asserted to Port C Data tpCD - 100 - 100 - 100 

Output Valid 

Hold Time, STRA Negated to Port C Data tpCH 10 - 10 - 10 -
Three·State Hold TIme tpcz - 150 - 150 - 150 

NOTES: 
1 . If this setup time is met, STRB acknowledges in the next cycle. If it is not met, the response may be 

delayed one more cycle. 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. Port C and D timing is valid for active drive (CWOM and DWOM bits not set in PIOC and SPCR registers 
respectively). 

3. All timing is shown with respect to 20% VDD and 70% VDD, unless otherwise noted. 

'""'I<E----- MCU WRITE TO PORT----4~ 
----{ 

E 

PORTS PREVIOUS PORT DATA NEW DATA VALID 
B, C, D, G --------------'UL.J<...ljUL.f--o---t----------

PORTA 

MC68HC11E9 

TECHNICAL DATA 

PREVIOUS PORT DATA 

Figure A-7. Port Write Timing Diagram 
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I fooIOI(E---- MCU READ OF PORT ------'~ 

----l 
E 

PORTS __________ ++-_+_~ 
A,C",D,G '---+ ______ ~~ f IpDSU IpDH ~ 
~RTE ------~(t~~----------~--J-)~----------------

.. FOR NON-LATCHED OPERATION OF PORT C 

Figure A-B. Port Read Timing Diagram 

~--- MCUWRITETO PORTB----~ 

E 

PORTB PREVIOUS PORT DATA NEW DATA VAUD 

____________________ ID __ EB~-----
STRB (OUT) ..A" 

STRA(IN) 

PORTC(IN) 
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Figure A-g. Simple Output Strobe Timing Diagram 

( rdC'3 ~ 

Figure A-10. Simple Input Strobe Timing Diagram 
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E 

"READY" 

STRB(OUT) 

ll~' ~ 
STRA(IN) 

-fl'- I"~ 
PORTC (IN) • .. 
NOTES: 

1. After reading PIOC with STAF set 
2. Figure shows rising edge STRA (EGA ~ 1) and high true STRB (INVB ~ 1). 

Figure A-11. Port C Input Handshake Timing Diagram 

E 

PORTC(OUT) 

"READY" 

STRB(OUT) 

STRA(IN) 

NOTES: 
1. After reading PIOC with STAF set 
2. Figure shows rising edge STRA (EGA ~ 1) and high true STRB (lNVB ~ i). 

Figure A-12. Port C Output Handshake Timing Diagram 
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E 

PORTC(OUn 

(DDR=I) __________ ~~~~--------~------------------~--------

STRB (OUT) ---------------1------' 

STRA(IN) 

tPCH 

PORT C (OUT) ___ -<) NEW DATA VALID 
(DDR = 0) 1I-____ ~~+_---------.I\,,__----------_+--+'t...J 

'-------- a) STRA ACTIVE BEFORE PORTCL WRITE 

STRA(IN) 

tpCD 

PORTC(OUT) ____________________ --<1 NEW DATA VALID 

(DDR = 0) II---.ry..------------+-~f_L_JI 

1----- b) STRA ACTIVE AFTER PORTCL WRITE 

NOTES: 
1. After reading PIOC with STAF set 
2. Figure shows rising edge STRA (EGA = 1) and high true STRB (INVB = 1). 

Figure A-13. Three-State Variation of Output Handshake Timing Diagram 
(STRA Enables Output Buffer) 
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Table A-S. Analog-To-Digital Converter Characteristics 

Voo = 5.0 Vdc ± 10%, Vss = 0 Vdc, T A = T L to T H, 750 kHz s E s 3.0 MHz, unless otherwise noted 

Characteristic Parameter Min Absolute 2.0 MHz 3.0 MHz 

Max Max 

Resolution Number of Bits Resolved by AID Converter - 8 - -
Non-Linearity Maximum Deviation from the Ideal AID - - ± 112 ±1 

Transfer Characteristics 

Zero Error Difference Between the Output of an Ideal - - ± 1/2 ±1 
and an Actual for Zero Input Voltage 

Full Scale Error Difference Between the Output of an Ideal - - ± 112 ±1 
and an Actual AID for Full-Scale Input 
Voltage 

Total Unadjusted Maximum Sum of Non-Linearity, Zero Error, - - ± 1/2 ± 1112 
Error and Full-Scale Error 

Quantization Error Uncertainty Because of Converter Resolution - - ± 112 ± 112 

Absolute Accuracy Difference Between the Actual Input Voltage - - ±1 ±2 
and the Full-Scale Weighted Equivalent of 
the Binary Output Code, All Error Sources 
Included 

Conversion Range Analog Input Voltage Range VR. - VFI-I VFI-I 

VFf-i Maximum Analog Reference Voltage VR. - Voo +0.1 Voo +0.1 
(Note 2) 

VAL Minimum Analog Reference Voltage Vss -0.1 - VFf-i VFf-i 
(Note 2) 

AVR Minimum Difference between VRH and VRL 3 - - -
(Note 2) 

Conversion lime Total Time to Perform a Single 
Analog-to-Digital Conversion: 
a. EClock - 32 - -
b. Internal RC Oscillator - - 1cyc+ 32 tcyc + 32 

Monotonicity Conversion Result Never Decreases with an Guaranteed 
Increase in Input Voltage and has no 
Missing Codes 

Zero Input Reading Conversion Result when Yin = VRL 00 - - -
Full Scale Reading Conversion Result when Yin = VRH - - FF FF 

Sample Analog Input Acquisition Sampling lime: 
Acquisition lime a. EClock - 12 - -

b. Internal RC Oscillator - - 12 12 

Sample/Hold Input Capacitance during Sample PE[7:0j - 20 (Typ) - -
Capacitance 

Input Leakage Input Leakage on AID Pins PE[7:0j - - 400 400 
VR., VFI-I - - 1.0 1.0 

NOTES: 

1. Source impedances greater than 10 kn affect accuracy adversely because of input leakage. 

2. Performance verified down to 2.5 V AVR, but accuracy is tested and guaranteed at AVR = 5 V ± 10%. 
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Bits 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

V 

V 

V 

V 

tcyc 
j.Ls 

Hex 

Hex 

tcyc 
j.Ls 

pF 

nA 
j.LA 



Table A-7. Expansion Bus Timing 

Num Characteristic Symbol 1.0 MHz 2.0 MHz 3.0 MHz Unit 
Min Max Min Max Min Max 

Frequency of Operation (E-Clock Frequency) fo dc 1.0 dc 2.0 dc 3.0 MHz 

1 Cycle Time tevc 1000 - 500 - 333 - ns 

2 Pulse Width, E Low PWEL 477 - 227 - 146 - ns 
PWEL = 1/2 teye - 23 ns (Note 1) 

3 Pulse Width, E High PWEH 472 - 222 - 141 - ns 
PWEH = 1/2 teye - 28 ns (Note 1) 

4a E and AS Rise Time tr - 20 - 20 - 20 ns 
4b E and AS Fall Time tl - 20 - 20 - 15 

9 Address Hold Time tAH 95.5 - 33 - 26 - ns 
tAH = 1/8 teve - 29.5 ns (Note 1, 2a) 

12 Nonmuxed Address Valid Time to E Rise tAV 281.5 - 94 - 54 - ns 
tAV = PWEL - (tASD + 80 ns) (Note 1, 2a) 

17 Read Data Setup Time tDSR 30 - 30 - 30 - ns 

18 Read Data Hold Time (Max = tMAD) tDHR 0 145.5 0 83 0 51 ns 

19 Wr~e Data Delay Time tDDW - 190.5 - 128 71 ns 
tDDW = 1/8 teye + 65.5 ns (Note 1, 2a) 

21 Write Data Hold Time tDHW 95.5 - 33 - 26 - ns 
tDHW = 1/8 teye - 29.5 ns (Note 1, 2a) 

22 Muxed Address Valid Time to E Rise tAVM 271.5 - 84 - 54 - ns 
tAVM = PWEL - (tASD + 90 ns)(Note 1, 2a) 

24 Muxed Address Valid Time to AS Fall tASL 151 - 26 - 13 - ns 
tASL = PW ASH - 70 ns (Note 1) 

25 Muxed Address Hold Time tAHL 95.5 - 33 - 31 - ns 
tAHL = 1/8 teye - 29.5 ns (Note 1, 2b) 

26 Delay Time, E to AS Rise tASD 115.5 - 53 - 31 - ns 
tASD = 1/8 teye - 9.5 ns (Note 1, 2a) 

27 Pulse Width, AS High PWASH 221 - 96 - 63 - ns 
PWASH= 1/4teye - 29 ns (Note 1) 

28 Delay Time, AS to E Rise tASED 115.5 - 53 - 31 - ns 
tASED = 1/8 teye - 9.5 ns (Note 1, 2b) 

29 MPU Address Access Time (Note 2a) tACCA 744.5 - 307 - 196 - ns 
tACCA = teye - (PWEL - tAVM) - tDSR""tl 

35 MPU Access Time tACCE - 442 - 192 111 ns 
tACCE = PWEH - tDSR 

36 Muxed Address Delay tMAD 145.5 - 83 - 51 - ns 
(Previous Cycle MPU Read) 

tMAD = tASD + 30 ns 
(Note 1, 2a) 

NOTES: 
1. Formula only for dc to 2 MHz. 
2. Input clocks with duty cycles other than 50% affect bus performance. Timing parameters affected by input 

clock duty cycle are identified by (a) and (b). To recalculate the approximate bus timing values, substitute 
the following expressions in place of 1/8 teye in the above formulas, where applicable: 

(a) (l·DC) x 1/4 teye 
(b) DC x 1/4 teye 

Where: 
DC is the decimal value of duty cycle percentage (high time). 

3. All timing is shown with respect to 20% VDD and 70% VDD, unless otherwise noted. 

MOTOROLA 

A-14 

APPENDIX A 
ELECTRICAL CHARACTERISTICS 

MC68HC11E9 

TECHNICAL DATA 



~--------~2~------~~~~------~ r_------~ 

E 

~----~12·r_----~ 

Riii, ADDRESS ---t-"''r"7I:""7r'JZ----------t+-----------tt--+7t'""X" 

(NON-MUX) ---+..L..l ....... .......,~---__:_----t+-----------tt--+lL..l<.. 

r READ 

ADDRESS/DATA 
(MULTIPLEXED) 

l WRITE 

AS 

~------{22}---_l~ ~~------{35'r_--~-K--{17 

~-------------++-~291r_------_l~ 

DATA 

NOTE: Measurement points shown are 20% and 70% of V000 

Figure A-14. Multiplexed Expansion Bus Timing Diagram 
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Table A-S. Serial Peripheral Interface Timing 

Voo -5.0 Vdc± 10%, Vss .0 Vdc, TA= TLtoTH 

Num Characteristic Symbol 2.0 MHz 3.0 MHz Unit 

Min Max Min Max 

Operating Frequency 
Master fop(m) dc 0.5 
Slave fop(s) dc 2.0 

1 Cycle Time 
Master tcye(m) 2.0 -
Slave teye(s) 500 -

2 Enable lead lime 
Master (Note 2) tlead(m) - -
Slave tlead(s) 250 -

3 Enable lag Time 
Master (Note 2) tlag(m) - -
Slave tlag(s) 250 -

4 Clock (SCK) High Time 
Master 1w(SCKH)m 340 -
Slave tw(SCKH)s 190 -

5 Clock (SCK) low lime 
Master tw(SCKL)m 340 -
Slave tw(SCKL)s 190 -

6 Data Setup Time (Inputs) 
Master tsu(m) 100 -
Slave tsu(s) 100 -

7 Data Hold Time (Inputs) 
Master th(m) 100 -
Slave th(s) 100 -

8 Access Time (Time to Data Active from 
High-Impedance State) 
Slave ta 0 120 

9 Disable lime (Hold lime to High-Impedance State) 
Slave tdis - 240 

10 Data Valid (After Enable Edge) (Note 3) tv(s) - 240 

11 Data Hold Time (Outputs) (After Enable Edge) tho 0 -
12 Rise Time (20% VOO to 70% VOO, CL = 200 pF) 

SPI Outputs (SCK, MOSI, and MISO-L 1rm - 100 
SPllnputs (SCK, MOSI, MISO, and SS) trs - 2.0 

13 Fall lime (70% VOO to 20% VOO, CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO-L tim - 100 
SPllnputs (SCK, MOSI, MISO, and SS) tis - 2.0 

NOTES: 

1. All timing is shown with respect to 20% VOO and 700k VOO, unless otherwise noted. 

2. Signal production depends on software. 

3. Assumes 200 pF load on SCK, MOSI, and MISO pins. 
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dc 0.5 fop 
dc 3.0 MHz 

2.0 - teye 
333 - ns 

- - ns 
240 - ns 

- - ns 
240 - ns 

227 - ns 
127 - ns 

227 - ns 
127 - ns 

100 - ns 
100 - ns 

100 - ns 
100 - ns 

0 120 ns 

- 167 ns 

- 167 ns 

0 - ns 

- 100 ns 
- 2.0 ILs 

- 100 ns 
- 2.0 ILs 
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58 
(INPUT) 

SCK (CPOL = 0) 
(OUTPUT) 

SCK(CPOL=l) 
(OUTPUT) 

MISO 
(INPUT) 

MOSI 
(OUTPUT) 

, 
55 is held high on mas1er. 

NOTE: This first clock edge is generated internally but is not seen at the 5CK pin. 

a) SPI Master Timing (CPHA = 0) 

58 --------------------------------~\~-----------------------
(INPUT) 55 is held high on mas1er. 

SCK (CPOL - 0) 
(OUTPUT) ________ J 

SCK (CPOL = 1) 
(OUTPUT) 

MISO 
(INPUT) ------+--< .... ____ ....1 

MOSI 
(OUTPUT) 

NOTE: This last clock edge is genera1ed internally but is not seen at the 5CK pin. 

MC68HC11E9 

TECHNICAL DATA 

b) SPI Master Timing (CPHA = 1) 

Figure A-15. SPI Timing Diagram (1 of 2) 
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ss 
(INPUT) 

SCK (CPOL = 0) 
(INPUT) ---I----l 

SCK (CPOL = 1) 
(INPUT) 

MISO __ --(I 
(OUTPUT) II----H-----¥ JI----'v--+..Ji '--_____ ~ '-'~"---l 

MOSI ___ ~ 

(INPUT) JI--------'I 

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

ss 
(INPUT) 

SCK (CPOL = 0) 
(INPUT) 

SCK (CPOL = 1 ) 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

a) SPI Slave Timing (CPHA = 0) 

NOTE: Not defined but normally LSB of character previously transmitted. 
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b) SPI Slave Timing (CPHA = 1) 

Figure A-15. SPI Timing Diagram (2 of 2) 
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Table A-g. EEPROM Characteristics 

Characteristic Temperature Range Unit 

- 40 to 850 C - 40 to 105 0 C - 40 to 1250 C 

Programming Time <1.0 MHz, RCO Enabled 10 15 20 ms 
(Note 1) 1.0 to 2.0 MHz, RCO Enabled 20 Must use RCO Must use RCO 

~ 2.0 MHz (or Anytime RCO Enabled) 10 15 20 

Erase Time (Note 1) Byte, Rowand Bulk 10 10 10 ms 

Write/Erase Endurance (Note 2) 10,000 10,000 10,000 Cycles 

Data Retention (Note 2) 10 10 10 Years 

NOTES: 

1. The RC oscillator (RCO) must be enabled (by setting the CSEL bit in the OPTION register) for EEPROM 
programming and erasure when the E-clock frequency is below 1.0 MHz. 

2. Refer to Reliability Monitor Report (current quarterly issue) for current failure rate information. 
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APPENDIX B 
MECHANICAL DATA AND ORDERING INFORMATION 

B.1 Pin Assignments 

The MC68HC11 E9 is available in the 52-pin plastic leaded chip carrier (PLCC) 
or the 64-pin quad flat pack (QFP). Refer to Table 8-1 for ordering information. 

PAO/IC3 
NC 
NC 
NC 

PB7/AODR15 
PB6IADDR14 
PB5/AODR13 
PB4IAODR12 
PB3/AODR11 
PB2IAODR10 

PB1/AODR9 
PBOIADDRS 

PEO/ANO 
PE4/AN4 
PE1/AN1 
PE5/AN5 

MC68HC11E9 

MC68HC11E9 

Figure B-1. 64-Pin QFP 

APPENDIX B 

NC 
PDO.f!xD 
IRQ 

NC 
RESET 
PC7/ADDR7IDATA7 
PC6/ADDR6/DATAS 
PC5/ADDR5IDATAS 
PC4/ADDR4IDATA4 
PC3/ADDR3IDATA3 
PC2IADDR2IDATA2 
PC1/ADDR1IDATA1 
NC 
PCO/ADDROIDATAO 
XTAL 

TECHNICAL DATA MECHANICAL DATA AND ORDERING INFORMATION 
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"- <D • ~ u:; g 0> CD "-... ... ... 
XTAL PE5/AN5 

PCO/ADDROIDATAO PE1/AN1 

PC1/ADDR1/DATA1 10 PE4/AN4 

PC2IADDR2/DATA2 11 PEa/ANa 

PC3/ADDR3IDATA3 12 42 PBO/ADDR8 

PC4/ADDR4/DATA4 13 41 PB1/ADDR9 

PC5/ADDR5/DATA5 14 MC68HCllE9 40 PB2/ADDR10 

PC6/ADDR6IDATA6 15 39 PB3/ADDR11 

PC7/ADDR7/DATA7 16 38 PB4/ADDR12 

RESET 17 PB5/ADDR13 

XIRO 18 36 PB6/ADDR14 

IRO 19 35 PB7/ADDR15 

PDOlRxD 20 34 PAO/IC3 
N '" ~ ... .., <D "- CD Rl <> c;; '" CO> 

'" '" '" '" '" '" M M M 

a 0 u; 151~ >8 g (3 888 (3 ~ t: tJ) 0 

~ ~ 
\Q .., 2 ~ "" Ei ... a ~ M ...... :;: a <L. j ~ ~ ~ <L. <L. a a <L. <L. 

<L. <L. ~ !2 ~ g <L. <L. 0.. a.. ~ 
<L. 

Figure 8-2. 52-Pin PLCC 
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B.2 Package Dimensions 

Figures 8-3 and 8-4 show the MC68HC11 E9 in case outline. 

SCALE 1:1 
@l @l 
c c 

@l @l 
aJ aJ d--[P .l: I 

<C 

U 
V 

:J: -----f aJ 
@.l: @ 

~ S'N' ~ 8 0 

e.~ 
C! e. 

:iii .... 0 

ci~ C'! 
0 

+..., + DETAIL "A" 

16 

1+lo.20(0.008)@ IHI A-B® I 0 ® I 

E 1~~DETAIL"C" 

{ 11 h.n~: 8fl:'lP: 

1+lo.20(0.008)@leIA-B®1 0 ® I 

SECTION B-B 

@ [ H I I M 101 0.01 (0.004) I 
~~~:G -IGI-

DETAIL"C" 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M.I982. 
2. CONTROLLING DIMENSION: MIWMETER. 
3. DATUM PLANE ·H·IS LOCATED AT BOTTOM OF 

LEAD AND IS COINCIDENT WITH THE LEAD WHERE 
THE LEAD EXITS THE PLASTIC BODY AT THE 
BOTTOM OF THE PARTING LINE. 

4. DATUMS A-B AND ·0· TO BE DETERMINED AT 
DATUM PLANE -H-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT 
SEATING PLANE _Co. 

6. DIMENSIONS A AND B DO NOT INCWDE MOLD 
PROTRUSION. ALLOWABLE PROTRUSION IS 0.25 
(0.010) PER SIDE. DIMENSIONS A AND B DO 
INCWDE MOLD MISMATCH AND ARE DETERMINED 
AT DATUM PLANE ·H-. 

7. DIMENSION 0 DOES NOT INCWDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR PROTRUSION 
SHAll BE 0.08 (0.003) TOTAL IN EXCESS OF THE 0 
DIMENSION AT MAXIMUM MATERIAL CONDI110N. 
DAMBAR CANNOT BE LOCATED ON THE LOWER 
RADIUS OR THE FOOt 

Figure B-3. Case Outline #840C-01 
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DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
P 
Q 

R 
S 
T 
U 
V 
W 
X 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

13.90 14.10 0.547 0.555 
13.90 14.10 0.547 0.555 
2.067 2.457 0.081 0.097 
0.30 0.45 0.012 0.017 
2.00 2.40 0.078 0.094 
0.30 0.012 

O.80BSC 0.031 BSC 
0.087 0.250 0.003 0.009 
0.130 0230 0.005 0.009 
0.50 0.66 0.020 0.026 

12.00 REF 0.472 REF 
5° Ill" 5° 10° 

0.130 0.170 O.OOS 0.007 
O.40BSC 0.016 BSC 
2° 8° 2° 8° 

0.13 0.30 0.005 0.012 
16.20 16.60 0.838 0.654 

.20 REF .008 REF 
9° 15° 9" 15" 

16.20 18.60 0.838 0.654 
.042 NOM .018 NOM 

1.10 1.30 .043 .OSI 
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YBRK 

I-D 

I-D 

B It I 0.18(0.007) @JITI N@-p@1 L@-M@I 

ultl 0.18(0.007) @JITI N@-p@1 L@-M@I 

G1 

----~Altl 0.18(0.007) @JITI L@-M@I N@-P@ I VIEWD-D It I 0.25(0.010) @JITI N@-p@1 L@-M@I 
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1 
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MILLIMETERS 
DIM MIN MAX 

A 19.94 20.19 
B 19.94 20.19 
C 4.20 4.57 
E 2.29 2.79 
F 0.33 0.48 
G 1.27 BSC 
H 0.66 0.81 
J 0.51 
K 0.64 
R 19.05 19.20 
U 19.05 19.20 
V 1.07 1.21 
W 1.07 1.21 
X 1.07 1.42 
Y 0.5~ 
Z 2 10 

G1 18.04 18.54 
K1 1.~ -
Z1 2 10 

MIN MAX 
0.785 0.795 
0.785 0.795 
0.165 0.180 
0.090 0.110 
0.013 0.019 

0.050BSC 
0.026 0.032 
0.020 
0.025 
0.750 0.756 
0.750 0.756 
0.042 0.048 
0.042 0.048 
0.042 0.056 

0.02~ 

2 10 
0.710 0.730 
O.~ -

2 10 

SCALE 1:1 

NOTES: 
1. DUE TO SPACE LIMITATION, CASE 778·02 SHALL BE 

REPRESENTED BY A GENERAL (SMALLER) CASE 
OUTUNE DRAWING RATHER THAN SHOWING ALL 52 
LEADS. 

2. DATUMS ·L·, ·M·, ·N·, AND .p. DETERMINED WHERE TOP 
OF LEAD SHOULDER EXIT PLASTIC BODY AT MOLD 
PARTING LINE. 

3. DIM G1, TRUE POSITION TO BE MEASURED AT DATUM ·T·, 
SEATING PLANE. 

4. DIM RAND U DO NOT INCLUDE MOLD PROTRUSION. 
ALLOWABLE MOLD PROTRUSION IS 0.25 (0.010) PER SIDE. 

5. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 
1982. 

6. CONTROLLING DIMENSION: INCH. 
7. 778·01 IS OBSOLETE, NEW STANDARD 778·02. 

Figure 8-4. Case Outline #778-02 
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B.3 Mechanical Data and Ordering Information 

Refer to Table 8-1 to specify the appropriate part number when placing an 
order for standard devices. Refer to Table 8-2 to specify the appropriate part 
number when ordering custom-ROM devices. 

Table B-1. Standard Device Ordering Information 

Frequency 
Package Description CONFIG Temp (MHz) MC Order Number 

52-Pin PLCC BUFFALO ROM $OF -400 to +85°C 2 MC68HC11 E9BCFN2 

3 MC68HC11 E9BCFN3 

-40° to + 105°C 2 MC68HC11 E9BVFN2 

3 MC68HC11 E9BVFN3 

-40° to + 125°C 2 MC68HC11 E9BMFN2 

3 MC68HC11 E9BMFN3 

No ROM $00 -400 to +85°C 2 MC68HC11 E1 CFN2 

3 MC68HC11 E1 CFN3 

-40° to + 105°C 2 MC68HC11 E1 VFN2 

3 MC68HC11 E1 VFN3 

-40° to + 125°C 2 MC68HC11 E1 MFN2 

3 MC68HC11 E1 MFN3 

No ROM. $OC -40° to +85°C 2 MC68HC11 EOCFN2 

No EEPROM 3 MC68HC11 EOCFN3 

64-Pin QFP BUFFALO ROM $OF -40° to +85°C 2 MC68HC11 E9BCFU2 

3 MC68HC11 E9BCFU3 

-400 to + 105°C 2 MC68HC11 E9BVFU2 

3 MC68HC11 E9BVFU3 

No ROM $00 -400 to +85°C 2 MC68HC11 E1 CFU2 

3 MC68HC11 E1 CFU3 

-40° to + 105°C 2 MC68HC11 E1 VFU2 

3 MC68HC11 E1 VFU3 

No ROM. $09 -40° to +85°C 2 MC68HC11 EOCFU2 

No EEPROM 3 MC68HC11 EOCFU3 

MC68HC11 E9 APPENDIX B 
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Table B-2. Custom-ROM Device Ordering Information 

Frequency 
Package Description Temp (MHz) Source Device 

52-Pin PLCC Custom ROM -40° to +S5°C 2 MC6SHC11 E9CFN2 

3 MC6SHC11 E9CFN3 

-40° to + 105°C 2 MC6SHC11 E9VFN2 

3 MC6SHC11 E9VFN3 

-40° to + 125°C 2 MC6SHC11 E9MFN2 

3 MC6SHC11E9MFN3 

Custom ROM, -40° to +S5°C 2 MC6SHC11 ESCFN2 

No EEPROM 3 MC6SHC11 ESCFN3 

-40° to + 105°C 2 MC6SHC11 ESVFN2 

3 MC6SHC11 ESVFN3 

-40° to + 125°C 2 MC6SHC 11 ESMFN2 

3 MC6SHC11 ESMFN3 

64-Pin QFP Custom ROM -40° to +S5°C 2 MC6SHC11 E9CFU2 

3 MC6SHC11 E9CFU3 

-40° to + 105°C 2 MC6SHC11 E9VFU2 

3 MC6SHC11 E9VFU3 

-40° to + 125°C 2 MC6SHC11 E9MFU2 

3 MC6SHC11 E9MFU3 

Custom ROM, -40° to +85°C 2 MC6SHC11 ESCFU2 

No EEPROM 3 MC6SHC11 ESCFU3 

-40° to + 105°C 2 MC6SHC11 ESVFU2 

3 MC6SHC11 ESVFU3 

-40° to + 125°C 2 MC6SHC11 ESMFU2 

3 MC6SHC11 ESMFU3 

To specify a custom-ROM device first select a standard source device then 
complete a custom-ROM device order form. Contact your local Motorola sales 
office or distributor or the Motorola Freeware line, (512) 891-FREE, for a 
custom-ROM device order form. 
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APPENDIX C 
DEVELOPMENT SUPPORT 

C.1 M68HC11 E9 Development Tools 

The following table and text provide a reference to development tools for the 
M68HC11 E9 family of microcontrollers. For more complete information refer to 
the appropriate manual for each system. 

Table C-1. M68HC11 E9 Development Tools 

Evaluation Evaluation Evaluation Programmer 
Devices Boards Modules* Systems*/Klts Boards 

MC6BHC11 EO/E1/EBlE9 M6BHC11EVB M6BHC11EVM - -
M6BHC11 EVB2 
M6BHC11 EVBU 

MC6BHC711 E9 M6BHC11 EVBU M6BHC11EVM - M6BHC711 E9PGMR 

*EVSs and EVMs include an Integrated Development Environment (IDE) which contains an editor, assembler, 
hardware debugger and simulator. 

C.2 M68HC11 EVB - Evaluation Board 

Refer to the M68HC11 EVB Evaluation Board User's Manual, document number 
M68HC11 EVB/01. The Evaluation Board (EVB) is a low-cost tool for 
debugging and evaluating MC68HC11 MCU-based target system equipment. 
The EVB is designed to operate in either debugging or evaluation mode. 
Features of the M68HC11 EVB include: 

• Low-cost way to debug user-assembled code and evaluate target systems that 
incorporate MC68HC11 MCUs 

• One-line assembler/disassembler 
• Host computer downloading capability 
• Single-chip mode evaluation 
• MC68HC11 MCU-based debugging/evaluating circuitry 
• MC68HC24 port replacement unit (PRU)-based MCU I/O expansion circuitry 
• MC6850 asynchronous communications interface adaptor (ACIA)-based 

terminal I/O port circuitry 
• RS-232C compatible terminal/host computer I/O ports 

MC68HC11E9 
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C.3 M68HC11 EVBU - Universal Evaluation Board 

Refer to the M68HC11 EVBU Universal Evaluation Board User's Manual, 
document number M68HC11 EVBU/AD1. The EVBU is a low-cost development 
tool for debugging and evaluation of MC68HC11A8 and E9 MCUs. Use 
PCBUG11 to allow 7E9 and 8E2 development on EVBU. The EVBU contains a 
monitor/debugging program called BUFFALO (Bit User's Fast Friendly Aid to 
Logical Operations). The BUFFALO program is contained in MCU ROM. The 
debugging/evaluation operation allows the user to debug user code under 
control of the BUFFALO monitor program. M68HC11 EVBU features include: 

• Low-cost means of debugging user assembled code and evaluating 
MC68HC11A8, E9, 7E9, and 8E2 MCU devices 

• BUFFALO monitor in ROM 
• Evaluation and debug operations including one-line assembler/disassembler 
• Program downloading capability 
• MC68HC11-based debugging/evaluating circuitry 
• RS-232C compatible terminal I/O port 
• Wire-wrap area for custom interfacing 
• Single (+5 Vdc) input power source requirements 

C.4 M68HC11 EVM - Evaluation Module 

Refer to M68HC11EVM Evaluation Module User's Manual, document number 
M68HC11 EVM/AD7. The EVM is a tool for designing, debugging, and 
evaluating MC68HC11 MCU-based target system equipment. By providing 
MCU timing and I/O circuitry, the EVM simplifies user evaluation of the prototype 
hardware/software product. Operation of the EVM requires a user-supplied 
power supply and an RS-232C compatible terminal. The EVM evaluates both 
single-chip and expanded multiplexed modes of operation. Generating, 
executing, and debugging target system MCU code is accomplished in either 
mode. Features of the M68HC11 EVM include: 

• Low-cost means of evaluating target systems with M68HC11 devices 
• Monitor/debugger firmware 
• One-line assembler/disassembler 
• Host computer download capability 
• Dual 64 Kbyte memory maps: 

- 16 Kbyte monitor EPROM 
- 8 Kbyte/16 Kbyte user pseudo-ROM 

• EEPROM MCU programmer 
• MCU (single-chip/expanded-multiplexed mode) extension I/O ports 
• RS-232C terminal and host computer I/O ports 

MOTOROLA 
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c.s EVB2 - Evaluation Board 

Refer to M68HC11EVB2 Evaluation Board User's Manual, document number 
M68HC11 EVB2/AD1. The EVB2 consists of two printed circuit boards (PCBs) 
and the Bit User's Fast Friendly Aid to Logical Operations (BUFFALO) monitor 
program. The two PCBs included in the system are the M68HC11 EVB2CPU 
central processor unit board (EVB2CPU) and the M68HC11 EVB2LA logic 
analyzer (EVB2LA). 

C.S.1 EVB2CPU Features 
• Compatible with 52-pin PLCC package M68HC11 (A- and E-family members) 
• Emulates M68HC11 single-chip operating mode 
• Single-chip mode memory map emulation 
• Download user code from a host computer 
• Single-line assembler/disassembler resident in monitor program 
• Includes monitor program single-step tracing and breakpoint debugging tools 
• Master reset into monitor program, or user reset into user code 
• Includes M68HC11 EVB2LA logic analyzer connector 
• Capable of programming CON FIG control register and internal EEPROM 
• Mapping of MCU internal RAM and control registers to addresses $OOxx or 

$10xx 
• Includes an MC34064 under-voltage sensing circuit for the reset line 
• Includes two options for connecting a power supply 

C.S.2 EVB2LA Logic Analyzer Features 

• Real-time debugging with interrupts 
• Captures address bus, data bus, RIW, L1R and six user test points 
• 8192-cycle capture buffer for bus cycle data 
• Adds fourteen commands to the standard BUFFALO command set 
• Trace instruction execution mode: 

- Permits triggering about, after, or before execution of an instruction 
- Displays captured data as disassembled instructions or in bus-cycle form 
- Calculates time between any two events captured 

• Trace only mode: 
- Permits capturing of reads, writes, or accesses of any combination of RAM or 

control register addresses, writes to internal EEPROM, or fetches of interrupt 
vectors 

- Displays captured data in raw bus cycle form 
• Capture buffer search command for finding the presence of any condition 
• Uses M68HC11 E-series internal read visibility to capture reads of internal 

resources 
• Extensive power-on performance verification 
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