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Chapter 4
Central Processor Unit (CPU)

4.1 Introduction

Features of the M68HC11 Family include:
e Central processor unit (CPU) architecture
e Data types
* Addressing modes
* Instruction set
* Special operations such as subroutine calls and interrupts

The CPU is designed to treat all peripheral, input/output (I/O), and memory locations identically as
addresses in the 64-Kbyte memory map. This is referred to as memory-mapped I/O. There are no special
instructions for I/O that are separate from those used for memory. This architecture also allows accessing
an operand from an external memory location with no execution time penalty.

4.2 CPU Registers

M68HC11 CPU registers are an integral part of the CPU and are not addressed as if they were memory
locations. The seven registers, discussed in the following paragraphs, are shown in Figure 4-1.
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| X |
| v |
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8-BIT ACCUMULATORS A & B
OR 16-BIT DOUBLE ACCUMULATOR D

INDEX REGISTER X
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STACK POINTER
PROGRAM COUNTER

CONDITION CODES

CARRY/BORROW FROM MSB
OVERFLOW

ZERO
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[-INTERRUPT MASK

HALF CARRY (FROM BIT 3)
X-INTERRUPT MASK

STOP DISABLE

Figure 4-1. Programming Model
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Resets and Interrupts

5.2.5 System Configuration Options Register

Address:  $1039

Bit 7 6 5 4 3 2 1 Bit0
Read:

, ADPU CSEL | IRQE™ | pLY(M CME cr1® | cro®
Write:
Reset: 0 0 0 1 0 0 0 0

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

I:l = Unimplemented

Figure 5-2. System Configuration Options Register (OPTION)

ADPU — Analog-to-Digital Converter Power-Up Bit
Refer to Chapter 3 Analog-to-Digital (A/D) Converter.

CSEL — Clock Select Bit
Refer to Chapter 3 Analog-to-Digital (A/D) Converter.

IRQE — Configure IRQ for Edge-Sensitive-Only Operation Bit
0 = IRQ is configured for level-sensitive operation.
1 = IRQ is configured for edge-sensitive-only operation.

DLY — Enable Oscillator Startup Delay Bit
Refer to Chapter 2 Operating Modes and On-Chip Memory and Chapter 3 Analog-to-Digital (A/D)
Converter.

CME — Clock Monitor Enable Bit
This control bit can be read or written at any time and controls whether or not the internal clock monitor
circuit triggers a reset sequence when the system clock is slow or absent. When it is clear, the clock
monitor circuit is disabled, and when it is set, the clock monitor circuit is enabled. Reset clears the CME
bit.
0 = Clock monitor circuit disabled
1 = Slow or stopped clocks cause reset

Bit 2 — Unimplemented
Always reads 0

CR[1:0] — COP Timer Rate Select Bit

The internal E clock is first divided by 215 pefore it enters the COP watchdog system. These control
bits determine a scaling factor for the watchdog timer. See Table 5-1 for specific timeout settings.
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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.
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Parallel Input/Output (I/0) 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).

Address:  $1007

Bit 7 6 5 4 3 2 1 Bit 0
Cﬁigi DDRC7 DDRC6 DDRC5 DDRC4 DDRC3 DDRC2 DDRC1 DDRCO
Reset: 0 0 0 0 0 0 0 0

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

DDRCJ[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 PortD

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).

Address:  $1008

Bit 7 6 5 4 3 2 1 Bit 0
Regd: 0 0 PD5 PD4 PD3 PD2 PD1 PDO
Write:
Reset: — — I I I I I I
Alternate Function: — — PDS PD4 PD3 PD2 PD1 FDo
SS SCK MOSI MISO Tx RxD

| = Indeterminate after reset
Figure 6-7. Port D Data Register (PORTD)

Address:  $1009

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Write: DDRD5 DDRD4 DDRD3 DDRD2 DDRD1 DDRDO
Reset: 0 0 0 0 0 0 0 0

I:I = Unimplemented

Figure 6-8. Port D Data Direction Register (DDRD)

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
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SCI Error Detection

7.5.2 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 1, 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 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.

7.6 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 1) 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 1) followed by a read of
the SCDR.

7.7 SCI Registers

Five addressable registers are associated with the SCI:
* Four control and status registers:
— Serial communications control register 1 (SCCR1)
— Serial communications control register 2 (SCCR2)
— Baud rate register (BAUD)
— Serial communications status register (SCSR)

* One data register:
— Serial communications data register (SCDR)

The SCI registers are the same for all M68HC11 E-series devices with one exception. The SCI system
for MC68HC(7)11E20 contains an extra bit in the BAUD register that provides a greater selection of baud
prescaler rates. Refer to 7.7.5 Baud Rate Register, Figure 7-8, and Figure 7-9.
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Serial Communications Interface (SCI)

7.7.1 Serial Communications Data Register

SCDR is a parallel register that performs two functions:
* The receive data register when it is read
* 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.

Address:  $102F

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wit R7/T7 R6/T6 R5/T5 R4/T4 R3/T3 R2/T2 R1/T1 RO/TO
rite:
Reset: Indeterminate after reset

Figure 7-3. Serial Communications Data Register (SCDR)

7.7.2 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.

Address:  $102C

Bit 7 6 5 4 3 2 1 Bit 0
Read:
, R8 T8 M WAKE
Write:
Reset: | | 0 0 0 0 0 0

| = Indeterminate after reset

|:| = Unimplemented

Figure 7-4. Serial Communications Control Register 1 (SCCR1)
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.

Bit 5 — Unimplemented
Always reads 0

M — Mode Bit (select character format)
0 = Start bit, 8 data bits, 1 stop bit
1 = Start bit, 9 data bits, 1 stop bit

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

Bits [2:0] — Unimplemented
Always read 0
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Serial Communications Interface (SCI)
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Figure 7-10. Interrupt Source Resolution Within SCI
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Timing Systems

FOCI[1:5] — Force Output Comparison Bit
When the FOC bit associated with an output compare circuit is set, the output compare circuit
immediately performs the action it is programmed to do when an output match occurs.
0 = Not affected
1 = Output x action occurs

Bits [2:0] — Unimplemented
Always read 0

9.4.3 Output Compare Mask Register

Use OC1M with OC1 to specify the bits of port A that are affected by a successful OC1 compare. The bits
of the OC1M register correspond to PA[7:3].

Address:  $100C

Bit 7 6 5 4 3 2 1 Bit 0
Read:
. OCi1M7 OC1M6 OC1M5 OC1M4 OC1M3
Write:
Reset: 0 0 0 0 0 0 0 0

I:I = Unimplemented

Figure 9-13. Output Compare 1 Mask Register (OC1M)

OC1M[7:3] — Output Compare Masks
0 = OC1 disabled
1 = OC1 enabled to control the corresponding pin of port A

Bits [2:0] — Unimplemented
Always read 0
9.4.4 Output Compare Data Register

Use this register with OC1 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 OC1D is stored in the
corresponding bit of port A for each bit that is set in OC1M.

Address:  $100D

Bit 7 6 5 4 3 2 1 Bit 0
Read:
. 0C1D7 0OC1D6 0OC1D5 0C1D4 0C1D3
Write:
Reset: 0 0 0 0 0 0 0 0

I:I = Unimplemented

Figure 9-14. Output Compare 1 Data Register (OC1D)

If OC1Mx is set, data in OC1Dx is output to port A bit x on successful OC1 compares.

Bits [2:0] — Unimplemented
Always read 0
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Output Compare

9.4.5 Timer Counter Register

The 16-bit read-only TCNT register contains the prescaled value of the 16-bit timer. A full counter read

addresses the most significant byte (MSB) first. A read of this address causes the least significant byte

(LSB) 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 MSB read cycle.

Register name: Timer Counter Register (High) ~ Address: $100E

Bit 7 6 5 4 3 2 1 Bit 0
Read:| Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: 0 0 0 0 0 0 0 0

Register name: Timer Counter Register (Low) ~ Address: $100F

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

I:I = Unimplemented

Figure 9-15. Timer Counter Register (TCNT)

9.4.6 Timer Control Register 1

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

Address:  $1020

Bit 7 6 5 4 3 2 1 Bit 0
Read:
. OoM2 oL2 OM3 OoL3 OomM4 oL4 OM5 OL5
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 9-16. Timer Control Register 1 (TCTL1)

OM[2:5] — Output Mode Bits

OL[2:5] — Output Level Bits
These control bit pairs are encoded to specify the action taken after a successful OCx compare. OC5
functions only if the 14/0O5 bit in the PACTL register is clear. Refer to Table 9-3 for the coding.

Table 9-3. Timer Output Compare Actions

OMXx 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 0
1 1 Set OCx output line to 1
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10.5 DC Electrical Characteristics

DC Electrical Characteristics

Characteristics(!

Symbol

Min Max Unit

Output voltage®
ILoad =++10.0 HA
All outputs except XTAL
All outputs except XTAL, RESET, and MODA

VoL, VoH

Vpp —0.1 —

Output high voltage®
ILoad =-0.8 mA, VDD =45V
All outputs except XTAL, RESET, and MODA

Vpp —0.8 — Y

Output low voltage
ILoad =1.6 mA

All outputs except XTAL

VoL

Input high voltage
All inputs except RESET
RESET

Vi

0.7 x VDD
0.8 x VDD

VDD +0.3
VDD +0.3

Input low voltage, all inputs

VSS -0.3 0.2 x VDD V

I/O ports, 3-state leakage
Vin=VigorV
PA7, PA3, PC[7:0], PD[5:0], AS/STRA,
MODAV/LIR, RESET

Input leakage current(®)
Vin = Vppor Vsg
PA[2:0], IRQ, XIRQ
MODB/Vg1gy (XIRQ on EPROM-based devices)

RAM standby voltage, power down

RAM standby current, power down

— 10 LA

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

— 8 pF

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

CL

— 90 pF
— 100

1. Vpp =5.0 Vdc + 10%, Vgg = 0 Vdc, Ta = T to Ty, unless otherwise noted
2. Voy specification for RESET and MODA is not applicable because they are open-drain pins. Vgy specification not appli-

cable to ports C and D in wired-OR mode.

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.
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MC68L11E9/E20 Analog-to-Digital Converter Characteristics

10.14 MC68L11E9/E20 Analog-to-Digital Converter Characteristics

Characteristic(!) Parameter(® Min Absolute Max Unit
Resolution Number of bits resolved by A/D converter — 8 — Bits
Non-linearity Maximum dgwgnon from the ideal A/D transfer . . +1 LSB

characteristics
Zero error Difference between the output of an ideal and an . . +1 LSB
actual for O input voltage
Full scale error Difference between the out.put of an ideal and an . . +1 LSB
actual A/D for full-scale input voltage
Total unadjusted Maximum sum of non-linearity, zero error, and . . +1/2 LSB
error full-scale error
Quantization error Uncertainty because of converter resolution — — +1/2 LSB
Difference between the actual input voltage and
Absolute accuracy the full-scale weighted equivalent of the binary — — 12 LSB
output code, all error sources included
Conversion range Analog input voltage range VRL — VRH \'%
VRH Maximum analog reference voltage VRL — Vpp + 0.1 \Y
VgL Minimum analog reference voltage Vgg —0.1 — VRH \%
AVR Minimum difference between Vg and Vg 3.0 — — Vv
Total time to perform a single
Conversion time analog-to-digital conversion:
E clock — 32 — tcve
Internal RC oscillator — — toyc+ 32 us
Conversion result never decreases with an
Monotonicity increase in input voltage and has no missing — Guaranteed — —
codes
Zero input reading | Conversion result when V|, = Vg 00 — — Hex
Full scale reading Conversion result when V|, = Vry — — FF Hex
Sample acquisition Analog input acquisition sampling time:
Hime E clock — 12 — tcve
Internal RC oscillator — — 12 us
Sample/hold Input capacitance during sample . . .
capacitance PE[7:0] 20 typical pF
Input leakage on A/D pins
Input leakage PE[7:0] — — 400 nA
VRL! VRH —_ —_ 1.0 LLA

1. Vpp =3.0 Vdc to 5.5 Vdc, Vgg = 0 Vdc, Ty =T to Ty 750 kHz < E <2.0 MHz, unless otherwise noted

2. Source impedances greater than 10 kQ affect accuracy adversely because of input leakage.
M68HC11E Family Data Sheet, Rev. 5.1
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Serial Peripheral Interface Timing Characteristics

10.17 Serial Peripheral Interface Timing Characteristics

E9 E20 )
Num Characteristic(!) Symbol Min Max Min Max Unit
Frequency of operation
E clock fo dc 3.0 dc 3.0 MHz
E-clock period teve 333 — 333 — ns
Operating frequency
Master fop(m) f,/32 fo/2 f/128 fo/2 MHz
Slave fop(s) dc fo dc fo
Cycle time
1 Master teyem) 2 32 2 128 teve
Slave tCYC(S) 1 —_ 1 —
ime®
2 Enable lead time tlead(s) 1 - 1 _ tove
Slave
Enable lag time®
3 t 1 — 1 — t
Slave lag(s) cve
4 Master tw(sckHm cv1c;2 16 teye CYﬁz 64 tove ns
Slave tW(SCKH)S tCYC_25 —_ tCYC_25 —
Clock (SCK) low time tvn—25 try 25
5 Master tw(scKLm CY10/2 16 tcye CY&Q 64 tcve ns
Slave tW(SCKL)S tCYC_25 —_ tCYC_25 —_—
Data setup time (inputs)
6 Master tsu(m) 30 — 30 — ns
Slave tsu(s) 30 —_ 30 —
Data hold time (inputs)
7 Master th(m) 30 — 30 — ns
Slave th(S) 30 —_ 30 —
Slave access time
8 CPHA=0 ta 0 40 0 40 ns
CPHA =1 0 40 0 40
Disable time (hold time
9 to high-impedance state) tgis — 50 — 50 ns
Slave
10 Data valid® (after enable edge) ty — 50 — 50 ns
11 Data hold time (outputs) the 0 . 0 _ ns

(after enable edge)

1. Vpp =5.0 Vdc £10%, Vgg =0 Vdc, T = T to Ty, all timing is shown with respect to 20% Vpp and 70% Vpp, unless other-
wise noted

2. Time to data active from high-impedance state

3. Assumes 200 pF load on SCK, MOSI, and MISO pins

M68HC11E Family Data Sheet, Rev. 5.1

Freescale Semiconductor

171




Ordering Information and Mechanical Specifications

Description Temperature Frequency MC Order Number
0°C to +70°°C 3 MHz MC68HC11E20FN3
2 MHz MC68HC11E20CFN2
—40°C to +85°C
20 Kbytes custom ROM 3 MHz MC68HC11E20CFN3
—40°C to +105°C 2 MHz MC68HC11E20VFN2
—40°C to +125°C 2 MHz MC68HC11E20MFN2
64-pin quad flat pack (QFP)
0°C to +70°°C 3 MHz MC68HC11E9FU3
2 MHz MC68HC11E9CFU2
—40°C to +85°C
Custom ROM 3 MHz MC68HC11E9CFU3
—40°C to +105°C 2 MHz MC68HC11E9VFU2
—40°C to +125°C 2 MHz MC68HC11E9MFU2
64-pin quad flat pack (continued)
0°C to +70°°C 3 MHz MC68HC11E20FU3
2 MHz MC68HC11E20CFU2
—40°C to +85°C
20 Kbytes Custom ROM 3 MHz MC68HC11E20CFU3
—40°C to +105°C 2 MHz MC68HC11E20VFU2
—40°C to +125°C 2 MHz MC68HC11E20MFU2
52-pin thin quad flat pack (10 mm x 10 mm)
0°C to +70°°C 3 MHz MC68HC11E9PB3
2 MHz MC68HC11E9CPB2
—40°C to +85°C
Custom ROM 3 MHz MC68HC11E9CPB3
—40°C to +105°C 2 MHz MC68HC11E9VPB2
—40°C to +125°C 2 MHz MC68HC11E9MPB2
56-pin dual in-line package with 0.70-inch lead spacing (SDIP)
0°C to +70°°C 3 MHz MC68HC11E9B3
2 MHz MC68HC11E9CB2
—40°C to +85°C
Custom ROM 3 MHz MC68HC11E9CB3
—40°C to +105°C 2 MHz MC68HC11E9VB2
—40°C to +125°C 2 MHz MC68HC11E9MB2
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Ordering Information and Mechanical Specifications

11.9 56-Pin Dual in-Line Package (Case 859)

“A—

ATATATATATANATATATATATATANATATATATATATATATATANANANANANA!
56 29

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.

D B 4. DIMENSIONS A AND B DO NOT INCLUDE MOLD
—B- FLASH. MAXIMUM MOLD FLASH 0.25 (0.010)
INCHES MILLIMETERS
1 28 | DIM[ MIN [ MAX | MIN [ MAX
(S1VAVAVAVIVAVAVIVIVIVAVIVIVAVAVIVIVAVAVIVIVIVAVAVIVAVLY) A | 2085 | 2065 | 5169 | 5245
- L > B | 0540 | 0560 | 13.72 | 14.22
C [ 0155 | 0.200 | 394 | 508
D | 0014 | 002 | 036 056
E | 0035BSC 0.89 BSC
F [ 0032 [0046 [ 081 117
G | 0.070BSC 1.778 BSC
H 0.300BSC 7.62 BSC
SEATG J | 0008 [ 0015 | 020 038
SEATIN K [ 0115 [ 0135 [ 292 [ 343
L | 0.600BSC 15.24 BSC
F M| o°[ 159 o0°] 150
N [ 002 [o0040 ] 051 102
D 56 PL

[©]0250010@][T[A @]

[©]0250010@]T[B ®]

11.10 48-Pin Plastic DIP (Case 767)

NOTE
The MC68HC811EZ2 is the only member of the E series that is offered in a

48-pin plastic dual in-line package.

_A-

lalalalalalalalalalalalalalaNaNalalaSaNalalalalal

48 25 T

1 24
VULUVUVUUUUUUUUUUUUUUUUUUUY

C —

D

NOTES:

1.

TIP TAPER

DETAIL X

*********** DL

\4\4/M48PL

SEATING —
PLANE JL J L DETAIL X oo T
F G J 48 PL —»{le—
D
(& 20?1 0020 ®[1[A ©] [ ]0250010®[T]B O
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DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

CONTROLLING DIMENSION: INCH.

DIMENSION L TO CENTER OF LEAD WHEN FORMED
PARALLEL.
DIMENSIONS AAND B DONOT INCLUDE MOLD FLASH.
MAXIMUM MOLD FLASH 0.25 (0.010).

INCHES MILLIMETERS
| DIM[ MIN | mMAX | MIN | mAX
A | 2415 | 2445 | 61.34 | 6210
B | 0540 | 0560 | 13.72 | 14.22
C [ 0155 | 0200 | 394 | 508
D | 0014 [ 0022 | 036 | 055
F | 0040 [0060 | 102 152
G 0100 BSC 2.54 BSC
H 0.070 BSC 1.79BSC
J [ 0008 [0015 | 020 038
K [ 0115 [ 0150 | 292 [ 381
L 0.600 BSC 15.24 BSC
M ox| 15| 0x] 15x
N [ 0020 [ 0040 | 051 ] 1.01
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Appendix B
EVBU Schematic

Refer to Figure B-1 for a schematic diagram of the M68HC11EVBU Universal Evaluation Board. This
diagram is included for reference only.
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M68HC11 Bootstrap Mode

By Jim Sibigtroth
Mike Rhoades
John Langan
Austin, Texas

Introduction

The M68HC11 Family of MCUs (microcontroller units) has a bootstrap mode that allows a user-defined
program to be loaded into the internal random-access memory (RAM) by way of the serial
communications interface (SCI); the M68HC11 then executes this loaded program. The loaded program
can do anything a normal user program can do as well as anything a factory test program can do because
protected control bits are accessible in bootstrap mode. Although the bootstrap mode is a single-chip
mode of operation, expanded mode resources are accessible because the mode control bits can be
changed while operating in the bootstrap mode.

This application note explains the operation and application of the M68HC11 bootstrap mode. Although
basic concepts associated with this mode are quite simple, the more subtle implications of these functions
require careful consideration. Useful applications of this mode are overlooked due to an incomplete
understanding of bootstrap mode. Also, common problems associated with bootstrap mode could be
avoided by a more complete understanding of its operation and implications.
Topics discussed in this application note include:

e Basic operation of the M68HC11 bootstrap mode

e General discussion of bootstrap mode uses

* Detailed explanation of on-chip bootstrap logic

e Detailed explanation of bootstrap firmware

* Bootstrap firmware vs. EEPROM security

* Incorporating the bootstrap mode into a system

* Driving bootstrap mode from another M68HC11

* Driving bootstrap mode from a personal computer

e Common bootstrap mode problems

e Variations for specific versions of M68HC11

e Commented listings for selected M68HC11 bootstrap ROMs

© Freescale Semiconductor, Inc., 2005. All rights reserved.
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Main Bootloader Program

1 -START FROM RESET
il ? INBOOT MODE

INITIALIZATION: [2]
SP = TOP OF RAM ($01FF)
X = START OF REGS ($1000)
SPCR = $20 (SET DWOM BIT)
BAUD = $A2 (= 4; + 4) (78125 BAUD @ 2 MHz)
SCCR2=$C0 (Tx & Rx ON)
TOC1 = DELAY CONSTANT (539 = 4 SCI CHARACTER TIMES)

SEND BREAK | [3]

Y
RECEIVED FIRST CHAR YET ?>

NO

4]

YES

FIRST CHAR = $00 ?
NOTZERO
FIRST CHAR = $FF ?
NO (5]

SWITCH TO SLOWER SCI RATE..
BAUD =$33 (+13; + 8) (1200 BAUD @ 2 MHz)
CHANGE DELAY CONSTANT...
TOCT = 3504 (4 SCI CHARACTER TIMES)

YES

A
'\ " BAUDOK

POINT TO START OF RAM (Y =$0000) | [6]

71 war v

INITIALIZE TIMEOUT COUNT (8]

.

|, WILoop

/ [l
< RECEIVE DATA READY ? YES

NO LOOP =
19

DECREMENT TIMEOUT COUNT CYCLES

N TmEDOUTYET? >
[10] YES

—

STORE RECEIVED DATATORAM (LY)| [11]

| TRANSMIT (ECHO) FOR VERIFY (12]

| POINT AT NEXT RAM LOCATION | [13]

(14]
< PAST END OF RAM ? NO

| YES (15
>

v STAR
SET UP FOR PROGRAM UTILITY:

X = PROGRAMMING TIME CONSTANT [16]
Y = START OF EPROM

JUMP TO START
OF RAM ($0000) 17

Figure 3. MC68HC711E9 Bootloader Flowchart
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Boot ROM Variations

Bootloading a Program to Performa ROM Checksum

The bootloader ROM must be turned off before performing the checksum program. To remove the boot
ROM from the memory map, clear the RBOOT bit in the HPRIO register. This is normally a write-protected
bit that is 0, but in bootstrap mode it is reset to 1 and can be written. If the boot ROM is not disabled, the
checksum routine will read the contents of the boot ROM rather than the user's mask ROM or EPROM at
the same addresses.

Inherent Delays Caused by Double Buffering of SCI Data
This problem is troublesome in cases where one MCU is bootloading to another MCU.

Because of transmitter double buffering, there may be one character in the serial shifter as a new
character is written into the transmit data register. In cases such as downloading in which this 2-character
pipeline is kept full, a 2-character time delay occurs between when a character is written to the transmit
data register and when that character finishes transmitting. A little more than one more character time
delay occurs between the target MCU receiving the character and echoing it back. If the master MCU
waits for the echo of each downloaded character before sending the next one, the download process
takes about twice as long as it would if transmission is treated as a separate process or if verify data is
ignored.

Boot ROM Variations

Different versions of the M68HC11 have different versions of the bootstrap ROM program. Table 3
summarizes the features of the boot ROMs in 16 members of the M68HC11 Family.

The boot ROMs for the MC68HC11F1, the MC68HC711K4, and the MC68HC11K4 allow additional
choices of baud rates for bootloader communications. For the three new baud rates, the first character
used to determine the baud rate is not $FF as it was in earlier M68HC11s. The intercharacter delay that
terminates the variable-length download is also different for these new baud rates. Table 3 shows the
synchronization characters, delay times, and baud rates as they relate to E-clock frequency.

Commented Boot ROM Listing

Listing 3. MC68HC711E9 Bootloader ROM contains a complete commented listing of the boot ROM
program in the MC68HC711E9 version of the M6BHC11. Other versions can be found in Appendix B of
the M68HC11 Reference Manual.

Table 3. Bootloader Baud Rates

Sync Timeout Baud Rates at E Clock =

Character Delay 2 MHz|2.1 MHz | 3 MHz | 3.15 MHz | 4 MHz | 4.2 MHz
$FF 4 characters | 7812 | 8192 [11,718] 12,288 |15,624| 16,838
$FF 4 characters | 1200 | 1260 | 1800 | 1890 | 2400 | 2520

$FO 4.9 characters | 9600 | 10,080 |[14,400| 15,120 |19,200| 20,160
$FD 17.3 characters | 5208 5461 7812 8192 10,416| 10,922
$FD 13 characters | 3906 4096 5859 6144 7812 8192
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Listing 3. MC68HC711E9 Bootloader ROM

Listing 3. MC68HC711E9 Bootloader ROM

1 EEEE SRS EESEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEE]
2 * BOOTLOADER FIRMWARE FOR 68HC711E9 - 21 Aug 89
3 kkkhkhkkkhkkhkhkkhkkhhkkhkkhkhkhkkhkkhhkkkdhhkkhkhhkhkdkhhkkhhhkkhkdhhkkhdhhkkhkdhkkkhk,hxk,d,kxk**%
4 * Features of this bootloader are...
5 *
6 * Auto baud select between 7812.5 and 1200 (8 MHz)
7 * 0 - 512 byte variable length download
8 * Jump to EEPROM at $B600 if 1st download byte = $00
9 * PROGRAM - Utility subroutine to program EPROM
10 * UPLOAD - Utility subroutine to dump memory to host
11 * Mask I.D. at $BFD4 = $71E9
12 EREEE RS EESEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]
13 * Revision A -
14 *
15 * Fixed bug in PROGRAM routine where the first byte
16 * programmed into the EPROM was not transmitted for
17 * verify.
18 * Also added to PROGRAM routine a skip of bytes
19 * which were already programmed to the value desired.
20 *
21 * This new version allows variable length download
22 * by quitting reception of characters when an idle
23 * of at least four character times occurs
24 *
25 EREEE SRS EESEE S EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]
26
27 * EQUATES FOR USE WITH INDEX OFFSET = $1000
28 *
29 0008 PORTD EQU $08
30 OOOE TCNT EQU SOE
31 0016 TOC1 EQU $le6
32 0023 TFLG1 EQU $23
33 * BIT EQUATES FOR TFLG1
34 0080 OC1F EQU $80
35 *
36 0028 SPCR EQU $28 (FOR DWOM BIT)
37 002B BAUD EQU S2B
38 002D SCCR2 EQU $2D
39 002E SCSR EQU S2FE
40 002F SCDAT EQU S2F
41 003B PPROG EQU $S3B
42 * BIT EQUATES FOR PPROG
43 0020 ELAT EQU $20
44 0001 EPGM EQU $01
45 *
46
47 * MEMORY CONFIGURATION EQUATES
48 *
49 B600 EEPMSTR EQU $SB600 Start of EEPROM
50 B7FF EEPMEND EQU SB7FF End of EEPROM
51 *
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