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Pin Descriptions
1.4.9  STRA/AS 

The strobe A (STRA) and address strobe (AS) pin performs either of two separate functions, depending 
on the operating mode:

• In single-chip mode, STRA performs an input handshake (strobe input) function. 

• In the expanded multiplexed mode, AS provides an address strobe function. 

AS can be used to demultiplex the address and data signals at port C. Refer to Chapter 2 Operating 
Modes and On-Chip Memory. 

1.4.10  STRB/R/W 

The strobe B (STRB) and read/write (R/W) pin act as either an output strobe or as a data bus direction 
indicator, depending on the operating mode. 

In single-chip operating mode, STRB acts as a programmable strobe for handshake with other parallel 
devices. Refer to Chapter 6  Parallel Input/Output (I/O) Ports for further information. 

In expanded multiplexed operating mode, R/W is used to indicate the direction of transfers on the external 
data bus. A low on the R/W pin indicates data is being written to the external data bus. A high on this pin 
indicates that a read cycle is in progress. R/W stays low during consecutive data bus write cycles, such 
as a double-byte store. It is possible for data to be driven out of port C, if internal read visibility (IRV) is 
enabled and an internal address is read, even though R/W is in a high-impedance state. Refer to 
Chapter 2 Operating Modes and On-Chip Memory for more information about IRVNE (internal read 
visibility not E). 

1.4.11  Port Signals 

Port pins have different functions in different operating modes. Pin functions for port A, port D, and port 
E are independent of operating modes. Port B and port C, however, are affected by operating mode. Port 
B provides eight general-purpose output signals in single-chip operating modes. When the microcontroller 
is in expanded multiplexed operating mode, port B pins are the eight high-order address lines. 

Port C provides eight general-purpose input/output signals when the MCU is in the single-chip operating 
mode. When the microcontroller is in the expanded multiplexed operating mode, port C pins are a 
multiplexed address/data bus. 

Refer to Table 1-1 for a functional description of the 40 port signals within different operating modes. 
Terminate unused inputs and input/output (I/O) pins configured as inputs high or low. 

1.4.12  Port A 

In all operating modes, port A can be configured for three timer input capture (IC) functions and four timer 
output compare (OC) functions. An additional pin can be configured as either the fourth IC or the fifth OC. 
Any port A pin that is not currently being used for a timer function can be used as either a general-purpose 
input or output line. Only port A pins PA7 and PA3 have an associated data direction control bit that allows 
the pin to be selectively configured as input or output. Bits DDRA7 and DDRA3 located in PACTL register 
control data direction for PA7 and PA3, respectively. All other port A pins are fixed as either input or 
output.

PA7 can function as general-purpose I/O or as timer output compare for OC1. PA7 is also the input to the 
pulse accumulator, even while functioning as a general-purpose I/O or an OC1 output. 
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Pin Descriptions
PA6–PA4 serve as either general-purpose outputs, timer input captures, or timer output compare 2–4. In 
addition, PA6–PA4 can be controlled by OC1. 

PA3 can be a general-purpose I/O pin or a timer IC/OC pin. Timer functions associated with this pin 
include OC1 and IC4/OC5. IC4/OC5 is software selectable as either a fourth input capture or a fifth output 
compare. PA3 can also be configured to allow OC1 edges to trigger IC4 captures. 

PA2–PA0 serve as general-purpose inputs or as IC1–IC3.

PORTA can be read at any time. Reads of pins configured as inputs return the logic level present on the 
pin. Pins configured as outputs return the logic level present at the pin driver input. If written, PORTA 
stores the data in an internal latch, bits 7 and 3. It drives the pins only if they are configured as outputs. 
Writes to PORTA do not change the pin state when pins are configured for timer input captures or output 
compares. Refer to Chapter 6  Parallel Input/Output (I/O) Ports.

1.4.13  Port B 

During single-chip operating modes, all port B pins are general-purpose output pins. During MCU reads 
of this port, the level sensed at the input side of the port B output drivers is read. Port B can also be used 
in simple strobed output mode. In this mode, an output pulse appears at the STRB signal each time data 
is written to port B. 

In expanded multiplexed operating modes, all of the port B pins act as high order address output signals. 
During each MCU cycle, bits 15–8 of the address bus are output on the PB7–PB0 pins. The PORTB 
register is treated as an external address in expanded modes. 

1.4.14  Port C 

While in single-chip operating modes, all port C pins are general-purpose I/O pins. Port C inputs can be 
latched into an alternate PORTCL register by providing an input transition to the STRA signal. Port C can 
also be used in full handshake modes of parallel I/O where the STRA input and STRB output act as 
handshake control lines. 

When in expanded multiplexed modes, all port C pins are configured as multiplexed address/data signals. 
During the address portion of each MCU cycle, bits 7–0 of the address are output on the PC7–PC0 pins. 
During the data portion of each MCU cycle (E high), PC7–PC0 are bidirectional data signals, 
DATA7–DATA0. The direction of data at the port C pins is indicated by the R/W signal. 

The CWOM control bit in the PIOC register disables the port C P-channel output driver. CWOM 
simultaneously affects all eight bits of port C. Because the N-channel driver is not affected by CWOM, 
setting CWOM causes port C to become an open-drain type output port suitable for wired-OR operation. 

In wired-OR mode: 

• When a port C bit is at logic level 0, it is driven low by the N-channel driver.

• When a port C bit is at logic level 1, the associated pin has high-impedance, as neither the 
N-channel nor the P-channel devices are active. 

It is customary to have an external pullup resistor on lines that are driven by open-drain devices. Port C 
can only be configured for wired-OR operation when the MCU is in single-chip mode. Refer to Chapter 6 
Parallel Input/Output (I/O) Ports for additional information about port C functions. 
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EPROM/OTPROM
IRQE — Configure IRQ for Edge-Sensitive Only Operation Bit
Refer to Chapter 5 Resets and Interrupts. 

DLY — Enable Oscillator Startup Delay Bit
0 = The oscillator startup delay coming out of stop mode is bypassed and the MCU resumes 

processing within about four bus cycles. 
1 = A delay of approximately 4000 E-clock cycles is imposed as the MCU is started up from the stop 

power-saving mode. This delay allows the crystal oscillator to stabilize. 

CME — Clock Monitor Enable Bit
Refer to Chapter 5 Resets and Interrupts. 

Bit 2 — Not implemented 
Always reads 0 

CR[1:0] — COP Timer Rate Select Bits 
The internal E clock is divided by 215 before it enters the COP watchdog system. These control bits 
determine a scaling factor for the watchdog timer. Refer to Chapter 5 Resets and Interrupts. 

2.4  EPROM/OTPROM 

Certain devices in the M68HC11 E series include on-chip EPROM/OTPROM. For instance:

• The MC68HC711E9 devices contain 12 Kbytes of on-chip EPROM (OTPROM in non-windowed 
package). 

• The MC68HC711E20 has 20 Kbytes of EPROM (OTPROM in non-windowed package). 

• The MC68HC711E32 has 32 Kbytes of EPROM (OTPROM in non-windowed package).

Standard MC68HC71E9 and MC68HC711E20 devices are shipped with the EPROM/OTPROM contents 
erased (all 1s). The programming operation programs zeros. Windowed devices must be erased using a 
suitable ultraviolet light source before reprogramming. Depending on the light source, erasing can take 
from 15 to 45 minutes.

Using the on-chip EPROM/OTPROM programming feature requires an external 12-volt nominal power 
supply (VPPE). Normal programming is accomplished using the EPROM/OTPROM programming register 
(PPROG). 

PPROG is the combined EPROM/OTPROM and EEPROM programming register on all devices with 
EPROM/OTPROM except the MC68HC711E20. For the MC68HC711E20, there is a separate register for 
EPROM/OTPROM programming called the EPROG register. 

As described in the following subsections, these two methods of programming and verifying EPROM are 
possible:

1. Programming an individual EPROM address
2. Programming the EPROM with downloaded data
M68HC11E Family Data Sheet, Rev. 5.1

Freescale Semiconductor 47



Operating Modes and On-Chip Memory
2.4.1  Programming an Individual EPROM Address 
• In this method, the MCU programs its own EPROM by controlling the PPROG register (EPROG in 

MC68HC711E20). Use these procedures to program the EPROM through the MCU with:

• The ROMON bit set in the CONFIG register

• The 12-volt nominal programming voltage present on the XIRQ/VPPE pin

• The IRQ pin must be pulled high.

NOTE
Any operating mode can be used. 

This example applies to all devices with EPROM/OTPROM except for the MC68HC711E20. 

EPROG LDAB #$20 
STAB $103B Set ELAT bit in (EPGM = 0) to enable

EPROM latches. 
STAA $0,X Store data to EPROM address 
LDAB #$21 
STAB $103B Set EPGM bit with ELAT = 1 to enable

EPROM programming voltage 
JSR DLYEP Delay 2–4 ms 
CLR $103B Turn off programming voltage and set 

to READ mode 

This example applies only to MC68HC711E20. 

EPROG LDAB #$20 
STAB $1036 Set ELAT bit (EPGM = 0) to enable 

EPROM latches. 
STAA $0,X Store data to EPROM address 
LDAB #$21 
STAB $1036 Set EPGM bit with ELAT = 1 to enable 

EPROM programming voltage 
JSR DLYEP Delay 2–4 ms 
CLR $1036 Turn off programming voltage and set 

to READ mode 

2.4.2  Programming the EPROM with Downloaded Data 

When using this method, the EPROM is programmed by software while in the special test or bootstrap 
modes. User-developed software can be uploaded through the SCI or a ROM-resident EPROM 
programming utility can be used. The 12-volt nominal programming voltage must be present on the 
XIRQ/VPPE pin. To use the resident utility, bootload a 3-byte program consisting of a single jump 
instruction to $BF00. $BF00 is the starting address of a resident EPROM programming utility. The utility 
program sets the X and Y index registers to default values, then receives programming data from an 
external host, and puts it in EPROM. The value in IX determines programming delay time. The value in 
IY is a pointer to the first address in EPROM to be programmed (default = $D000). 

When the utility program is ready to receive programming data, it sends the host the $FF character. Then 
it waits. When the host sees the $FF character, the EPROM programming data is sent, starting with the 
first location in the EPROM array. After the last byte to be programmed is sent and the corresponding 
verification data is returned, the programming operation is terminated by resetting the MCU. 

For more information, Freescale application note AN1060 entitled M68HC11 Bootstrap Mode has been 
included at the back of this document. 
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Operating Modes and On-Chip Memory
EPGM — EPROM/OTPROM/EEPROM Programming Voltage Enable Bit
0 = Programming voltage to EEPROM array switched off 
1 = Programming voltage to EEPROM array switched on 

During EEPROM programming, the ROW and BYTE bits of PPROG are not used. If the frequency of the 
E clock is 1 MHz or less, set the CSEL bit in the OPTION register. Recall that 0s must be erased by a 
separate erase operation before programming. The following examples of how to program an EEPROM 
byte assume that the appropriate bits in BPROT are cleared. 

PROG LDAB #$02 EELAT = 1 
STAB $103B Set EELAT bit 
STAA $XXXX Store data to EEPROM address 

(for valid EEPROM address see memory 
map for each device) 

LDAB #$03 EELAT = 1, EPGM = 1 
STAB $103B Turn on programming voltage 
JSR DLY10 Delay 10 ms 
CLR $103B Turn off high voltage and set 

to READ mode 

2.5.1.3  EEPROM Bulk Erase 

This is an example of how to bulk erase the entire EEPROM. The CONFIG register is not affected in this 
example. 

BULKE LDAB #$06 EELAT = 1, ERASE = 1
STAB $103B Set to BULK erase mode
STAA $XXXX Store data to any EEPROM address (for 

valid EEPROM address see memory map 
for each device) 

LDAB #$07 EELAT = 1, EPGM = 1, ERASE = 1
STAB $103B Turn on high voltage 
JSR DLY10 Delay 10 ms 
CLR $103B Turn off high voltage and set 

to READ mode 

2.5.1.4  EEPROM Row Erase 

This example shows how to perform a fast erase of large sections of EEPROM. 

ROWE LDAB #$0E ROW = 1, ERASE = 1, EELAT = 1 
STAB $103B Set to ROW erase mode 
STAB 0,X Write any data to any address in ROW 
LDAB #$0F ROW = 1, ERASE = 1, EELAT = 1, EPGM = 1 
STAB $103B Turn on high voltage 
JSR DLY10 Delay 10 ms 
CLR $103B Turn off high voltage and set 

to READ mode 
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Resets and Interrupts
5.5.4  Software Interrupt (SWI)

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. 

5.5.5  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. 

5.5.6  Reset and Interrupt Processing 

Figure 5-5 and Figure 5-6 illustrate the reset and interrupt process. Figure 5-5 illustrates how the CPU 
begins from a reset and how interrupt detection relates to normal opcode fetches. Figure 5-6 is an 
expansion of a block in Figure 5-5 and illustrates interrupt priorities. Figure 5-7 shows the resolution of 
interrupt sources within the SCI subsystem. 

5.6  Low-Power Operation 

Both stop mode and wait mode suspend CPU operation until a reset or interrupt occurs. Wait mode 
suspends processing and reduces power consumption to an intermediate level. Stop mode turns off all 
on-chip clocks and reduces power consumption to an absolute minimum while retaining the contents of 
the entire RAM array. 

5.6.1  Wait Mode

The WAI opcode places the MCU in wait mode, 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 MCU 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 1 and the COP system is disabled by 
NOCOP being set to 1. Several other systems also can be in a reduced power-consumption state 
depending on the state of software-controlled configuration control bits. Power consumption by the 
analog-to-digital (A/D) converter is not affected significantly by the wait condition. However, the A/D 
converter current can be eliminated by writing the ADPU bit to 0. 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. 
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Low-Power Operation
Figure 5-5. Processing Flow Out of Reset (Sheet 1 of 2) 
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Resets and Interrupts
masked), the MCU starts up, beginning with the stacking sequence leading to normal service of the XIRQ 
request. If X is set to 1 (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 DLY control bit can be used to bypass this startup delay. The 
DLY control bit is set by reset and can be optionally cleared during initialization. If the DLY equal to 0 
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 DLY control bit, but does not apply to 
a reset while the clocks are running. 
M68HC11E Family Data Sheet, Rev. 5.1
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 Parallel Input/Output (I/O) Ports
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. Reads of this register return the last value latched into 
PORTCL and clear STAF flag (following a read of PIOC with STAF set). 

DDRC[7:0] — Port C Data Direction Bits
In the 3-state variation of output handshake mode, clear the corresponding DDRC bits. Refer to Figure 
10-13. 3-State Variation of Output Handshake Timing Diagram (STRA Enables Output Buffer).

0 = Input 
1 = Output 

6.5  Port D 

In all modes, port D bits [5:0] can be used either for general-purpose I/O or with the serial communications 
interface (SCI) and serial peripheral interface (SPI) subsystems. During reset, port D pins PD[5:0] are 
configured as high-impedance inputs (DDRD bits cleared). 

Bits [7:6] — Unimplemented 
Always read 0 

DDRD[5:0] — Port D Data Direction Bits
When DDRD bit 5 is 1 and MSTR = 1 in SPCR, PD5/SS is a general-purpose output and mode fault 
logic is disabled. 

0 = Input 
1 = Output 

Address: $1007

Bit 7 6 5 4 3 2 1 Bit 0
Read:

DDRC7 DDRC6 DDRC5 DDRC4 DDRC3 DDRC2 DDRC1 DDRC0
Write:

Reset: 0 0 0 0 0 0 0 0

Figure 6-6. Port C Data Direction Register (DDRC)

Address: $1008
Bit 7 6 5 4 3 2 1 Bit 0

Read:
0 0 PD5 PD4 PD3 PD2 PD1 PD0

Write:
Reset: — — I I I I I I

Alternate Function: — —
PD5
SS

PD4
SCK

PD3
MOSI

PD2
MISO

PD1
Tx

PD0
RxD

I = Indeterminate after reset

Figure 6-7. Port D Data Register (PORTD)

Address: $1009
Bit 7 6 5 4 3 2 1 Bit 0

Read:
DDRD5 DDRD4 DDRD3 DDRD2 DDRD1 DDRD0

Write:
Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 6-8. Port D Data Direction Register (DDRD)
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SPI Signals
Figure 8-2. SPI Transfer Format 

8.5  SPI Signals 

This subsection contains descriptions of the four SPI signals: 

• Master in/slave out (MISO)

• Master out/slave in (MOSI)

• Serial clock (SCK)

• Slave select (SS)

Any SPI output line must have its corresponding data direction bit in DDRD register set. If the DDR bit is 
clear, that line is disconnected from the SPI logic and becomes a general-purpose input. All SPI input lines 
are forced to act as inputs regardless of the state of the corresponding DDR bits in DDRD register. 

8.5.1  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-impedance state if the slave device 
is not selected. 

8.5.2  Master Out/Slave In 

The MOSI line 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. 

2 3 4 5 6 7 81

SCK (CPOL = 1)

SCK (CPOL = 0)

SCK CYCLE #

SS  (TO SLAVE)

6 5 4 3 2 1 LSBMSB

MSB 6 5 4 3 2 1 LSB

1

2

3

5

4

SLAVE CPHA = 1 TRANSFER IN PROGRESS

MASTER TRANSFER IN PROGRESS

SLAVE CPHA = 0 TRANSFER IN PROGRESS
1. SS ASSERTED
2. MASTER WRITES TO SPDR
3. FIRST SCK EDGE
4. SPIF SET
5. SS NEGATED

SAMPLE INPUT

DATA OUT(CPHA = 0)

SAMPLE INPUT

DATA OUT(CPHA = 1)
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Timing Systems
9.4.7  Timer Interrupt Mask 1 Register 

Use this 8-bit register to enable or inhibit the timer input capture and output compare interrupts.

OC1I–OC4I — Output Compare x Interrupt Enable Bits
If the OCxI enable bit is set when the OCxF flag bit is set, a hardware interrupt sequence is requested. 

I4/O5I — Input Capture 4/Output Compare 5 Interrupt Enable Bit
When I4/O5 in PACTL is 1, I4/O5I is the input capture 4 interrupt enable bit. When I4/O5 in PACTL is 
0, I4/O5I is the output compare 5 interrupt enable bit. 

IC1I–IC3I — Input Capture x Interrupt Enable Bits
If the ICxI enable bit is set when the ICxF flag bit is set, a hardware interrupt sequence is requested. 

NOTE
Bits in TMSK1 correspond bit for bit with flag bits in TFLG1. Bits in TMSK1 
enable the corresponding interrupt sources. 

9.4.8  Timer Interrupt Flag 1 Register 

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.

Clear flags by writing a 1 to the corresponding bit position(s). 

OC1F–OC4F — Output Compare x Flag 
Set each time the counter matches output compare x value 

I4/O5F — Input Capture 4/Output Compare 5 Flag 
Set by IC4 or OC5, depending on the function enabled by I4/O5 bit in PACTL 

IC1F–IC3F — Input Capture x Flag 
Set each time a selected active edge is detected on the ICx input line 

Address: $1022

Bit 7 6 5 4 3 2 1 Bit 0

Read:
OC1I OC2I OC3I OC4I I4/O5I IC1I IC2I IC3I

Write:

Reset: 0 0 0 0 0 0 0 0

Figure 9-17. Timer Interrupt Mask 1 Register (TMSK1)

Address: $1023

Bit 7 6 5 4 3 2 1 Bit 0

Read:
OC1F OC2F OC3F OC4F I4/O5F IC1F IC2F IC3F

Write:

Reset: 0 0 0 0 0 0 0 0

Figure 9-18. Timer Interrupt Flag 1 Register (TFLG1)
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Pulse Accumulator
9.7.1  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.

DDRA7 — Data Direction for Port A Bit 7 
Refer to Chapter 6  Parallel Input/Output (I/O) Ports. 

PAEN — Pulse Accumulator System Enable Bit
0 = Pulse accumulator disabled 
1 = Pulse accumulator enabled 

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

PEDGE — Pulse Accumulator Edge Control Bit
This bit has different meanings depending on the state of the PAMOD bit, as shown in Table 9-7. 

DDRA3 — Data Direction for Port A Bit 3 
Refer to Chapter 6  Parallel Input/Output (I/O) Ports. 

I4/O5 — Input Capture 4/Output Compare 5 Bit
0 = Output compare 5 function enable (no IC4) 
1 = Input capture 4 function enable (no OC5) 

RTR[1:0] — RTI Interrupt Rate Select Bits
Refer to 9.5 Real-Time Interrupt (RTI). 

Address: $1026

Bit 7 6 5 4 3 2 1 Bit 0

Read:
DDRA7 PAEN PAMOD PEDGE DDRA3 I4/O5 RTR1 RTR0

Write:

Reset: 0 0 0 0 0 0 0 0

Figure 9-25. Pulse Accumulator Control Register (PACTL)

Table 9-7. Pulse Accumulator Edge Control

PAMOD PEDGE Action on Clock 

0 0 PAI falling edge increments the counter. 

0 1 PAI rising edge increments the counter. 

1 0 A 0 on PAI inhibits counting. 

1 1 A 1 on PAI inhibits counting. 
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DC Electrical Characteristics
10.5  DC Electrical Characteristics

Characteristics(1)

1. VDD = 5.0 Vdc ± 10%, VSS = 0 Vdc, TA = TL to TH, unless otherwise noted

Symbol Min Max Unit

Output voltage(2)

ILoad = ±±10.0 µA
All outputs except XTAL
All outputs except XTAL, RESET, and MODA

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

VOL, VOH —
VDD –0.1

0.1
—

V

Output high voltage(2)

ILoad = –0.8 mA, VDD = 4.5 V 
All outputs except XTAL, RESET, and MODA 

VOH VDD –0.8 — V

Output low voltage
ILoad = 1.6 mA
All outputs except XTAL

VOL — 0.4 V

Input high voltage 
All inputs except RESET
RESET 

VIH
0.7 × VDD
0.8 × VDD

VDD + 0.3
VDD + 0.3

V

Input low voltage, all inputs VIL VSS –0.3 0.2 × VDD V

I/O ports, 3-state leakage
VIn = VIH or VIL
PA7, PA3, PC[7:0], PD[5:0], AS/STRA, 
MODA/LIR, RESET 

IOZ — ±10 µA

Input leakage current(3)

VIn = VDD or VSS 
PA[2:0], IRQ, XIRQ 
MODB/VSTBY (XIRQ on EPROM-based devices)

3. Refer to 10.13 Analog-to-Digital Converter Characteristics and 10.14 MC68L11E9/E20 Analog-to-Digital Converter Char-
acteristics for leakage current for port E.

IIn —
—

±1
±10

µA

RAM standby voltage, power down VSB 4.0 VDD V

RAM standby current, power down ISB — 10 µA

Input capacitance
PA[2:0], PE[7:0], IRQ, XIRQ, EXTAL
PA7, PA3, PC[7:0], PD[5:0], AS/STRA, MODA/LIR, RESET 

CIn —
—

8
12

pF

Output load capacitance
All outputs except PD[4:1]
PD[4:1]

CL —
—

90
100

pF
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 Electrical Characteristics
10.8  MC68L11E9/E20 Supply Currents and Power Dissipation

Characteristic(1)

1. VDD = 3.0 Vdc to 5.5 Vdc, VSS = 0 Vdc, TA = TL to TH, unless otherwise noted

Symbol 1 MHz 2 MHz Unit

Run maximum total supply current(2)

Single-chip mode
VDD = 5.5 V
VDD = 3.0 V

Expanded multiplexed mode
VDD = 5.5 V
VDD = 5.5 V

2. EXTAL is driven with a square wave, and 
tCYC= 500 ns for 2 MHz rating
tCYC= 333 ns for 3 MHz rating 
VIL ≤ 0.2 V
VIH ≥ VDD – 0.2 V
no dc loads

IDD

8
4

14
7

15
8

27
14

mA

Wait maximum total supply current(2) 

(all peripheral functions shut down)
Single-chip mode

VDD = 5.5 V
VDD = 3.0 V

Expanded multiplexed mode
VDD = 5.5 V
VDD = 3.0 V

WIDD
3

1.5

5
2.5

6
3

10
5

mA

Stop maximum total supply current(2)

Single-chip mode, no clocks
VDD = 5.5 V
VDD = 3.0 V

SIDD 50
25

50
25

µA

Maximum power dissipation
Single-chip mode

2 MHz
3 MHz

Expanded multiplexed mode
2 MHz
3 MHz

PD

44
12

77
21

85
24

150
42

mW
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MC68L11E9/E20 Supply Currents and Power Dissipation
Figure 10-1. Test Methods

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 VDD – 0.8 volts while timing
        

CLOCKS,
STROBES

INPUTS

VDD – 0.8 Volts

0.4 Volts

VDD~
NOMINAL TIMING

NOM

20% of VDD

70% of VDD

VDD – 0.8 VOLTS
0.4 VOLTS

VSS~

VDD~

NOM

OUTPUTS

0.4 VOLTS

DC TESTING

CLOCKS,
STROBES

INPUTS

20% of VDD

70% of VDD

VSS~

VDD~
SPEC TIMING

VDD – 0.8 VOLTS

20% of VDD

70% of VDD

0.4 VOLTS

VSS~

VDD~

SPEC

OUTPUTS

AC  TESTING

(NOTE 2)

20% of VDD

70% of VDD

20% of VDD

VSS~

SPEC

        measurements are taken at 20% and 70% of VDD points.
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Figure 10-4. STOP Recovery Timing Diagram

PWIRQ

tSTOPDELAY
3

IRQ1

IRQ
or XIRQ

E

SP – 8SP – 8STOP
ADDR

STOP
ADDR + 1

ADDRESS4 STOP
ADDR

STOP
ADDR + 1

STOP
ADDR + 1

STOP
ADDR + 1

STOP
ADDR + 2

SP…SP–7

OPCODE

Resume program with instruction which follows the

Notes:
   1.  Edge Sensitive IRQ pin (IRQE bit = 1)
   2.  Level sensitive IRQ pin (IRQE bit = 0)

   4.  XIRQ with X bit in CCR = 1.
   5.  IRQ or (XIRQ with X bit in CCR = 0).

INTERNAL

ADDRESS5

CLOCKS

3. tSTOPDELAY = 4064 tCYC if DLY bit = 1 or 4 tCYC if DLY = 0.



 Electrical Characteristics
10.18  MC68L11E9/E20 Serial Peirpheral Interface Characteristics

Num Characteristic(1)

1. VDD = 3.0 Vdc to 5.5 Vdc, VSS = 0 Vdc, TA = TL to TH, all timing is shown with respect to 20% VDD and 70% VDD, unless
otherwise noted

Symbol
E9 E20

Unit
Min Max Min Max

Frequency of operation
E clock

fo dc 2.0 dc 2.0 MHz

E-clock period tCYC 500 — 500 — ns

Operating frequency
Master
Slave

fop(m)
fop(s)

fo/32
dc

fo/2
fo

fo/128
dc

fo/2
fo

MHz

1
Cycle time

Master
Slave

tCYC(m)
tCYC(s)

2
1

32
—

2
1

128
—

tCYC

2 Enable lead time(2)

Slave

2. Time to data active from high-impedance state

tlead(s) 1 — 1 — tCYC

3 Enable lag time(2)

Slave
tlag(s) 1 — 1 — tCYC

4
Clock (SCK) high time

Master
Slave

tw(SCKH)m
tw(SCKH)s

tCYC–30
1/2 

tCYC–30

16 tCYC

—

tCYC–30
1/2 

tCYC–30

64 tCYC

—
ns

5
Clock (SCK) low time

Master
Slave

tw(SCKL)m
tw(SCKL)s

tCYC–30
1/2 

tCYC–30

16 tCYC

—

tCYC–30
1/2 

tCYC–30

64 tCYC

—
ns

6
Data setup time (inputs)

Master
Slave

tsu(m)
tsu(s)

40
40

—
—

40
40

—
—

ns

7
Data hold time (inputs)

Master
Slave

th(m)
th(s)

40
40

—
—

40
40

—
—

ns

8
Slave access time 

CPHA = 0
CPHA = 1

ta 0
0

50
50

0
0

50
50

ns

9
Disable time (hold time 

to high-impedance state)
Slave

tdis — 60 — 60 ns

10 Data valid(3) (after enable edge)

3. Assumes 100 pF load on SCK, MOSI, and MISO pins

tv — 60 — 60 ns

11
Data hold time (outputs) 

(after enable edge)
tho 0 — 0 — ns
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Ordering Information and Mechanical Specifications
52-pin plastic leaded chip carrier (PLCC) (Continued)

OTPROM $0F

–40°C to +85°C
2 MHz MC68HC711E9CFN2

3 MHz MC68HC711E9CFN3

–40°C to +105°C 2 MHz MC68HC711E9VFN2

–40°C to +125°C 2 MHz MC68HC711E9MFN2

OTPROM, enhanced security 
feature

$0F –40°C to +85°C 2 MHz MC68S711E9CFN2

20 Kbytes OTPROM $0F

0°C to +70°C 3 MHz MC68HC711E20FN3

–40°C to +85°C
2 MHz MC68HC711E20CFN2

3 MHz MC68HC711E20CFN3

–40°C to +105°C 2 MHz MC68HC711E20VFN2

–40°C to +125°C 2 MHz MC68HC711E20MFN2

No ROM, 2 Kbytes EEPROM $FF

0°C to +70°C 2 MHz MC68HC811E2FN2

–40°C to +85°C 2 MHz MC68HC811E2CFN2

–40°C to +105°C 2 MHz MC68HC811E2VFN2

–40°C to +125°C 2 MHz MC68HC811E2MFN2

64-pin quad flat pack (QFP)

BUFFALO ROM $0F –40°C to +85°C
2 MHz MC68HC11E9BCFU2

3 MHz MC68HC11E9BCFU3

No ROM $0D
–40°C to +85°C

2 MHz MC68HC11E1CFU2

3 MHz MC68HC11E1CFU3

–40°C to +105°C 2 MHz MC68HC11E1VFU2

No ROM, no EEPROM $0C
–40°C to +85°C 2 MHz MC68HC11E0CFU2

–40°C to +105°C 2 MHz MC68HC11E0VFU2

20 Kbytes OTPROM $0F

0°C to +70°°C 3 MHz MC68HC711E20FU3

–40°C to +85°C
2 MHz MC68HC711E20CFU2

3 MHz MC68HC711E20CFU3

–40°C to +105°C 2 MHz MC68HC711E20VFU2

–40°C to +125°C 2 MHz MC68HC711E20MFU2

52-pin thin quad flat pack (TQFP)

BUFFALO ROM $0F –40°C to +85°C
2 MHz MC68HC11E9BCPB2

3 MHz MC68HC11E9BCPB3

Description CONFIG Temperature Frequency MC Order Number
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Driving Boot Mode from Another M68HC11
Figure 6. MCU-to-MCU EPROM Duplicator Schematic 
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