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2.5 Conventions

Logic level one is the voltage that corresponds to a Boolean true (1) state.
Logic level zero is the voltage that corresponds to a Boolean false (0) state.
Set refers specifically to establishing logic level one on a bit or bits.

Clear refers specifically to establishing logic level zero on a bit or bits.

Asserted means that a signal is in active logic state. An active low signal changes
from logic level one to logic level zero when asserted. An active high signal changes
from logic level zero to logic level one.

Negated means that an asserted signal changes logic state. An active low signal
changes from logic level zero to logic level one when negated. An active high signal
changes from logic level one to logic level zero.

A specific mnemonic within a range is referred to by mnemonic and number. A15 is
bit 15 of accumulator A; ADDRY7 is line 7 of the address bus; CSORQO is chip-select op-
tion register 0. A range of mnemonics is referred to by mnemonic and the numbers
that define the range. VBR[4:0] are bits four to zero of the vector base register;
CSORJ0:5] are the first six option registers.

Parentheses are used to indicate the content of a register or memory location rather
than the register or memory location itself. (A) is the content of accumulator A. (M : M
+ 1) is the content of the word at address M.

LSB means least significant bit. MSB means most significant bit. References to low
and high bytes are spelled out.

LSW means least significant word. MSW means most significant word.
ADDR is the address bus. ADDR][7:0] are the eight LSBs of the address bus.
DATA is the data bus. DATA[15:8] are the eight MSBs of the data bus.

MOTOROLA NOMENCLATURE MC68336/376
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Figure 4-3 Supervisor Programming Model Supplement

4.2.1 Data Registers

The eight data registers can store data operands of 1, 8, 16, 32, and 64 bits and ad-
dresses of 16 or 32 bits. The following data types are supported:

* Bits

 Packed Binary-Coded Decimal Digits
* Byte Integers (8 bits)

» Word Integers (16 bits)

» Long-Word Integers (32 bits)

* Quad-Word Integers (64 bits)

Each of data registers D7-D0 is 32 bits wide. Byte operands occupy the low-order 8
bits; word operands, the low-order 16 bits; and long-word operands, the entire 32 bits.
When a data register is used as either a source or destination operand, only the ap-
propriate low-order byte or word (in byte or word operations, respectively) is used or
changed; the remaining high-order portion is unaffected. The least significant bit (LSB)
of a long-word integer is addressed as bit zero, and the most significant bit (MSB) is
addressed as bit 31. Figure 4-4 shows the organization of various types of data in the
data registers.

Quad-word data consists of two long words and represents the product of 32-bit mul-
tiply or the dividend of 32-bit divide operations (signed and unsigned). Quad-words
may be organized in any two data registers without restrictions on order or pairing.
There are no explicit instructions for the management of this data type, although the
MOVEM instruction can be used to move a quad-word into or out of the registers.

Binary-coded decimal (BCD) data represents decimal numbers in binary form. CPU32
BCD instructions use a format in which a byte contains two digits. The four LSB con-
tain the least significant digit, and the four MSB contain the most significant digit. The
ABCD, SBCD, and NBCD instructions operate on two BCD digits packed into a single
byte.

MOTOROLA CENTRAL PROCESSOR UNIT MC68336/376
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Table 5-4 Bus Monitor Period

BMT[1:0] Bus Monitor Time-Out Period
00 64 system clocks
01 32 system clocks
10 16 system clocks
11 8 system clocks

The monitor does not check DSACK response on the external bus unless the CPU32
initiates a bus cycle. The BME bit in SYPCR enables the internal bus monitor for inter-
nal to external bus cycles. If a system contains external bus masters, an external bus
monitor must be implemented and the internal-to-external bus monitor option must be
disabled.

When monitoring transfers to an 8-bit port, the bus monitor does not reset until both
byte accesses of a word transfer are completed. Monitor time-out period must be at
least twice the number of clocks that a single byte access requires.

5.4.3 Halt Monitor

The halt monitor responds to an assertion of the HALT signal on the internal bus,
caused by a double bus fault. A flag in the reset status register (RSR) indicates that
the last reset was caused by the halt monitor. Halt monitor reset can be inhibited by
the halt monitor (HME) enable bit in SYPCR. Refer to 5.6.5.2 Double Bus Faults for
more information.

5.4.4 Spurious Interrupt Monitor

During interrupt exception processing, the CPU32 normally acknowledges an interrupt
request, recognizes the highest priority source, and then either acquires a vector or
responds to a request for autovectoring. The spurious interrupt monitor asserts the in-
ternal bus error signal (BERR) if no interrupt arbitration occurs during interrupt
exception processing. The assertion of BERR causes the CPU32 to load the spurious
interrupt exception vector into the program counter. The spurious interrupt monitor
cannot be disabled. Refer to 5.8 Interrupts for more information. For detailed informa-
tion about interrupt exception processing, refer to 4.9 Exception Processing.

5.4.5 Software Watchdog

The software watchdog is controlled by the software watchdog enable (SWE) bit in
SYPCR. When enabled, the watchdog requires that a service sequence be written to
the software service register (SWSR) on a periodic basis. If servicing does not take
place, the watchdog times out and asserts the RESET signal.

Each time the service sequence is written, the software watchdog timer restarts. The
sequence to restart consists of the following steps:

1. Write $55 to SWSR.
2. Write $AA to SWSR.

MC68336/376 SYSTEM INTEGRATION MODULE MOTOROLA
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5.6.3 Fast Termination Cycles

When an external device has a fast access time, the chip-select circuit fast termination
option can provide a two-cycle external bus transfer. Because the chip-select circuits
are driven from the system clock, the bus cycle termination is inherently synchronized
with the system clock.

If multiple chip-selects are to be used to provide control signals to a single device and
match conditions occur simultaneously, all MODE, STRB, and associated DSACK
fields must be programmed to the same value. This prevents a conflict on the internal
bus when the wait states are loaded into the DSACK counter shared by all chip-
selects.

Fast termination cycles use internal handshaking signals generated by the chip-select
logic. To initiate a transfer, the MCU asserts an address and the SIZ[1:0] signals.
When AS, DS, and R/W are valid, a peripheral device either places data on the bus
(read cycle) or latches data from the bus (write cycle). At the appropriate time, chip-
select logic asserts data and size acknowledge signals.

The DSACK option fields in the chip-select option registers determine whether inter-
nally generated DSACK or externally generated DSACK is used. The external DSACK
lines are always active, regardless of the setting of the DSACK field in the chip-select
option registers. Thus, an external DSACK can always terminate a bus cycle. Holding
a DSACK line low will cause all external bus cycles to be three-cycle (zero wait states)
accesses unless the chip-select option register specifies fast accesses.

For fast termination cycles, the fast termination encoding (%1110) must be used. Re-
fer to 5.9.1 Chip-Select Registers for information about fast termination setup.

To use fast termination, an external device must be fast enough to have data ready
within the specified setup time (for example, by the falling edge of S4). Refer to Table
A-6 and Figures A-6 and A-7 for information about fast termination timing.

When fast termination is in use, DS is asserted during read cycles but not during write
cycles. The STRB field in the chip-select option register used must be programmed
with the address strobe encoding to assert the chip-select signal for a fast termination
write.

5.6.4 CPU Space Cycles

Function code signals FC[2:0] designate which of eight external address spaces is ac-
cessed during a bus cycle. Address space 7 is designated CPU space. CPU space is
used for control information not normally associated with read or write bus cycles.
Function codes are valid only while AS is asserted. Refer to 5.5.1.7 Function Codes
for more information on codes and encoding.

During a CPU space access, ADDR[19:16] are encoded to reflect the type of access
being made. Figure 5-12 shows the three encodings used by 68300 family microcon-
trollers. These encodings represent breakpoint acknowledge (Type $0) cycles, low
power stop broadcast (Type $3) cycles, and interrupt acknowledge (Type $F) cycles.
Refer to 5.8 Interrupts for information about interrupt acknowledge bus cycles.

MOTOROLA SYSTEM INTEGRATION MODULE MC68336/376
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9.2.2 QSM Pin Control Registers

The QSM uses nine pins. Eight of the pins can be used for serial communication or for
parallel /0. Clearing a bit in the port QS pin assignment register (PQSPAR) assigns
the corresponding pin to general-purpose I/O; setting a bit assigns the pin to the QSPI.
PQSPAR does not select I/0O. In master mode, PQSPAR causes a bit to be assigned
to the QSPI when SPE is set. In slave mode, the MISO pin, if assigned to the QSPI,
remains under the control of the QSPI, regardless of the SPE bit. PQSPAR does not
affect operation of the SCI.

The port QS data direction register (DDRQS) determines whether pins are inputs or
outputs. Clearing a bit makes the corresponding pin an input; setting a bit makes the
pin an output. DDRQS affects both QSPI function and I/O function. DDQS7 deter-
mines the direction of the TXD pin only when the SCI transmitter is disabled. When the
SCI transmitter is enabled, the TXD pin is an output. PQSPAR and DDRQS are 8-bit
registers located at the same word address. Table 9-1 is a summary of QSM pin func-
tions.

The port QS data register (PORTQS) latches I/0 data. PORTQS writes drive pins de-
fined as outputs. PORTQS reads return data present on the pins. To avoid driving un-
defined data, first write PORTQS, then configure DDRQS.

Table 9-1 Effect of DDRQS on QSM Pin Function

QSM Pin Mode DDRQS Bit Bit State Pin Function
MISO Master DDQSO0 0 Serial data input to QSPI
1 Disables data input
Slave 0 Disables data output
1 Serial data output from QSPI
MOSI Master DDQS1 0 Disables data output
1 Serial data output from QSPI
Slave 0 Serial data input to QSPI
1 Disables data input
SCK1 Master DDQS2 — Clock output from QSPI
Slave — Clock input to QSPI
PCS0/SS Master DDQS3 0 Assertion causes mode fault
1 Chip-select output
Slave 0 QSPI slave select input
1 Disables slave select input
PCS[1:3] Master DDQS[4:6] 0 Disables chip-select output
1 Chip-select output
Slave 0 Inactive
1 Inactive
TXD2 — DDQS7 X Serial data output from SCI
RXD — None NA Serial data input to SCI

NOTES:
1. PQS2 is a digital I/O pin unless the SPI is enabled (SPE set in SPCR1), in which case it
becomes the QSPI serial clock SCK.
2. PQS7 is a digital I/O pin unless the SCI transmitter is enabled (TE set in SCCR1), in
which case it becomes the SCI serial data output TXD.
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8.10 Analog Input Channels

The number of available analog channels varies, depending on whether or not exter-
nal multiplexing is used. A maximum of 16 analog channels are supported by the in-
ternal multiplexing circuitry of the converter. Table 8-2 shows the total humber of
analog input channels supported with zero to four external multiplexers.

Table 8-2 Analog Input Channels

Number of Analog Input Channels Available
Directly Connected + External Multiplexed = Total Channels®: 2

No External One External Two External Three External Four External
Mux Chips Mux Chip Mux Chips Mux Chips Mux Chips
16 12+8=20 11+ 16 =27 10+24=34 9+32=41
NOTES:

1. The above assumes that the external trigger inputs are shared with two analog input pins.

2. When external multiplexing is used, three input channels become multiplexed address out-
puts, and for each external multiplexer chip, one input channel becomes a multiplexed ana-
log input.

8.11 Analog Subsystem

The QADC analog subsystem includes a front-end analog multiplexer, a digital to an-
alog converter (DAC) array, a comparator, and a successive approximation register
(SAR).

The analog subsystem path runs from the input pins through the input multiplexing cir-
cuitry, into the DAC array, and through the analog comparator. The output of the com-
parator feeds into the SAR and is considered the boundary between the analog and
digital subsystems of the QADC.

Figure 8-4 shows a block diagram of the QADC analog submodule.

MOTOROLA
8-12
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8.12.4 QADC Clock (QCLK) Generation
Figure 8-8 is a block diagram of the clock subsystem. QCLK provides the timing for
the A/D converter state machine which controls the timing of conversions. QCLK is
also the input to a 17-stage binary divider which implements the periodic/interval timer.
To obtain the specified analog conversion accuracy, the QCLK frequency (foc k) must
be within the tolerance specified in Table A-13.

Before using the QADC, software must initialize the prescaler with values that put
QCLK within a specified range. Though most applications initialize the prescaler once
and do not change it, write operations to the prescaler fields are permitted.

CAUTION

A change in the prescaler value while a conversion is in progress is
likely to corrupt the conversion result. Therefore, any prescaler write
operation should be done only when both queues are disabled.

750 RESET QCLK
DETECT
5}
SYSTEM CLOCK (1) p LOAD PSH
DOWN COUNTER
A Y
- CLOCK QCLK
™ GENERATE >
g ¢ 1 1
PRESCALER RATE SELECTION \
(FROM QACRO): ONE'S COMPLEMENT SET QCLK
HIGH TIME CYCLES (PSH) COMPARE
LOW TIME CYCLES (PSL) 3 ‘
ADD HALF CYCLE TO HIGH (PSA)
QADC CLOCK
(+2T0+40)
o> AD CONVERTER e > SARCONTROL
INPUT SAMPLE TIME (FROM CCW) 3 STATE MACHINE
e SAR[9:0]
Lol BINARY COUNTER
7 8 10| 11| 512| 513| 14| 15| 516 517
QUEUE 2 MODE RATE SELECTION 2 v z v 29" 2 v 2 "2 "2 \72 I z "2 VZ v
(FROM QACR2): . PERIODIC/INTERVAL
- PERIODIC/INTERVAL | o TRGGEREVENT
TIMER SELECT

QADC CLOCK BLOCK

Figure 8-8 QADC Clock Subsystem Functions
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Figure 10-4 MCSM Block Diagram

10.7.1 MCSM Modulus Latch

The 16-bit modulus latch is a read/write register that is used to reload the counter au-
tomatically with a predetermined value. The contents of the modulus latch register can
be read at any time. Writing to the register loads the modulus latch with the new value.
This value is then transferred to the counter register when the next load condition
occurs. However, writing to the corresponding counter register loads the modulus
latch and the counter register immediately with the new value. The modulus latch reg-
ister is cleared to $0000 by reset.

10.7.2 MCSM Counter

The counter is composed of a 16-bit read/write register associated with a 16-bit incre-
menter. Reading the counter transfers the contents of the counter register to the data
bus. Writing to the counter loads the modulus latch and the counter register immedi-
ately with the new value.

10.7.2.1 Loading the MCSM Counter Register

The MCSM counter is loaded either by writing to the counter register or by loading it
from the modulus latch when a counter overflow occurs. Counter overflow will set the
COF bit in the MCSM status/interrupt/control register (MCSMSIC).

NOTE

When the modulus latch is loaded with $FFFF, the overflow flag is set
on every counter clock pulse.

MOTOROLA CONFIGURABLE TIMER MODULE 4 MC68336/376
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to 255). This provides an instantaneous or average pulse-width measurement capa-
bility, allowing the latest complete accumulation (over the specified number of periods)
to always be available in a parameter. By using the output compare function in con-
junction with PPWA, an output signal can be generated that is proportional to a spec-
ified input signal. The ratio of the input and output frequency is programmable. One or
more output signals with different frequencies, yet proportional and synchronized to a
single input signal, can be generated on separate channels.

Refer to TPU programming note Period/Pulse-Width Accumulator (PPWA) TPU Func-
tion (TPUPN11/D) for more information.

11.4.11 Quadrature Decode (QDEC)

The quadrature decode function uses two channels to decode a pair of out-of-phase
signals in order to present the CPU32 with directional information and a position value.
It is particularly suitable for use with slotted encoders employed in motor control. The
function derives full resolution from the encoder signals and provides a 16-bit position
counter with rollover/under indication via an interrupt.

The counter in parameter RAM is updated when a valid transition is detected on either
one of the two inputs. The counter is incremented or decremented depending on the
lead/lag relationship of the two signals at the time of servicing the transition. The user
can read or write the counter at any time. The counter is free running, overflowing to
$0000 or underflowing to $FFFF depending on direction.

The QDEC function also provides a time stamp referenced to TCRL1 for every valid sig-
nal edge and the ability for the host CPU to obtain the latest TCR1 value. This feature
allows position interpolation by the host CPU between counts at very slow count rates.

Refer to TPU programming note Quadrature Decode (QDEC) TPU Function
(TPUPNZ20/D) for more information.

11.5 G Mask Set Time Functions

The following paragraphs describe factory-programmed time functions implemented
in the motion control microcode ROM. A complete description of the functions is be-
yond the scope of this manual.

Refer to the TPU Reference Manual (TPURM/AD) for additional information.

11.5.1 Table Stepper Motor (TSM)

The TSM function provides for acceleration and deceleration control of a stepper mo-
tor with a programmable number of step rates up to 58. TSM uses a table in parameter
RAM, rather than an algorithm, to define the stepper motor acceleration profile, allow-
ing the user to fully define the profile. In addition, a slew rate parameter allows fine
control of the terminal running speed of the motor independent of the acceleration ta-
ble. The CPU need only write a desired position, and the TPU accelerates, slews, and
decelerates the motor to the required position. Full and half step support is provided
for two-phase motors. In addition, a slew rate parameter allows fine control of the ter-
minal running speed of the motor independent of the acceleration table.

MOTOROLA TIME PROCESSOR UNIT MC68336/376
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APPENDIX A ELECTRICAL CHARACTERISTICS

This appendix contains electrical specification tables and reference timing diagrams
for MC68336 and MC68376 microcontroller units.

Table A-1 Maximum Ratings

Num Rating Symbol Value Unit
1,2, _
1 |supply Voltage Voo 0.3t0+6.5 Y,
2 | Input Voltage! 2:3.5. 7 v, -0.3t0+6.5 Y,
3 Instantaneous Maximum Current
. A . . 1567 S 25 mA
Single pin limit (applies to all pins)* > °
4 | Operating Maximum Current
Digital Input Disruptive Current % 5 6. 7. 8 | — 500 to 500 A
Vescimap 0=03 V D "
Veoscrame IVpp * 03
5 Operating Temperature Range T toT,
MC68336/376 “C" Suffix T —40to 85 oC
MC68336/376 “V” Suffix A —40to 105
MC68336/376 “M” Suffix —40to 125
6 Storage Temperature Range TStg —551t0 150 °C

NOTES:

1. Permanent damage can occur if maximum ratings are exceeded. Exposure to voltages or currents in excess
of recommended values affects device reliability. Device modules may not operate normally while being ex-
posed to electrical extremes.

2. Although sections of the device contain circuitry to protect against damage from high static voltages or elec-
trical fields, take normal precautions to avoid exposure to voltages higher than maximum-rated voltages.

3. All pins except TSTME/TSC.

4. All functional non-supply pins are internally clamped to Vgg. All functional pins except EXTAL and XFC are
internally clamped to Vpp. Does not include QADC pins (refer to Table A-11).

5. Input must be current limited to the value specified. To determine the value of the required current-limiting
resistor, calculate resistance values for positive and negative clamp voltages, then use the larger of the two
values.

6. Power supply must maintain regulation within operating Vpp range during instantaneous and operating max-
imum current conditions.

7. This parameter is periodically sampled rather than 100% tested.

8. Total input current for all digital input-only and all digital input/output pins must not exceed 10 mA. Exceeding
this limit can cause disruption of normal operation.

MC68336/376 ELECTRICAL CHARACTERISTICS MOTOROLA
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Table A-6 AC Timing (Continued)
(VDD and VDDSYN =5.0 Vdc +5%, VSS =0 VdC, TA = T|_ to TH)l

Num Characteristic Symbol | Min | Max | Unit
76 | Mode Select Hold Time tmsh 0 — ns
77 | RESET Assertion Timel3 trsTA 4 — | tye
78 | RESET Rise Timel4 15 trstr | — | 10 | toye

NOTES:

1. All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.

2. The base configuration of the MC68336/376 requires a 20.97 MHz crystal reference.

3. When an external clock is used, minimum high and low times are based on a 50% duty cycle. The minimum
allowable ty,. period is reduced when the duty cycle of the external clock signal varies. The relationship between
external clock input duty cycle and minimum ty. is expressed:

Minimum tyc,c period = minimum tycyy / (50% —external clock input duty cycle tolerance).

4. Parameters for an external clock signal applied while the internal PLL is disabled (MODCLK pin held low during
reset). Does not pertain to an external VCO reference applied while the PLL is enabled (MODCLK pin held high
during reset). When the PLL is enabled, the clock synthesizer detects successive transitions of the reference
signal. If transitions occur within the correct clock period, rise/fall times and duty cycle are not critical.

5. Address access time = (2.5 + WS) t¢yc — tcqav — toicL

Chip select access time = (2 + WS) teyc —t s — tpicL

Where: WS = number of wait states. When fast termination is used (2 clock bus) WS = —1.

Specification 9A is the worst-case skew between AS and DS or CS. The amount of skew depends on the relative

loading of these signals. When loads are kept within specified limits, skew will not cause AS and DS to fall outside

the limits shown in specification 9.

If multiple chip selects are used, CS width negated (specification 15) applies to the time from the negation of a

heavily loaded chip select to the assertion of a lightly loaded chip select. The CS width negated specification

between multiple chip selects does not apply to chip selects being used for synchronous ECLK cycles.
8. Hold times are specified with respect to DS or CS on asynchronous reads and with respect to CLKOUT on fast
cycle reads. The user is free to use either hold time.
9. Maximum value is equal to (tcyc / 2) + 25 ns.

10. If the asynchronous setup time (specification 47A) requirements are satisfied, the DSACK][1:0] low to data setup
time (specification 31) and DSACK]1:0] low to BERR low setup time (specification 48) can be ignored. The data
must only satisfy the data-in to clock low setup time (specification 27) for the following clock cycle. BERR must
satisfy only the late BERR low to clock low setup time (specification 27A) for the following clock cycle.

11. To ensure coherency during every operand transfer, BG will not be asserted in response to BR until after all
cycles of the current operand transfer are complete and RMC is negated.

12. In the absence of DSACK]1:0], BERR is an asynchronous input using the asynchronous setup time (specification
47A).

13. After external RESET negation is detected, a short transition period (approximately 2 t.,) elapses, then the SIM
drives RESET low for 512 tyc.

14. External assertion of the RESET input can overlap internally-generated resets. To insure that an external
reset is recognized in all cases, RESET must be asserted for at least 590 CLKOUT cycles.

15. External logic must pull RESET high during this period in order for normal MCU operation to begin.

o

~
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APPENDIX D REGISTER SUMMARY

This appendix contains address maps, register diagrams, and bit/field definitions for
MC68336 and MC68376 microcontrollers. More detailed information about register
function is provided in the appropriate sections of the manual.

Except for central processing unit resources, information is presented in the intermod-
ule bus address order shown in Table D-1.

Table D-1 Module Address Map

Module (BSyItZ:s) Ac?c?rseis

SIM 128 $YFFAQ0

SRAM 8 $YFFB40

MRM (MC68376 Only) 32 $YFF820
QADC 512 $YFF200

QSM 512 $YFFCO00

CT™M4 256 $YFF400

TPU 512 $YFFEOO

TPURAM 64 $YFFB0OO
TouCAN (MC68376 Only) 384 $YFF080

Control registers for all the modules in the microcontroller are mapped into a 4-Kbyte
block. The state of the module mapping (MM) bit in the SIM configuration register
(SIMCR) determines where the control register block is located in the system memory
map. When MM = 0, register addresses range from $7FF000 to $7FFFFF; when MM
= 1, register addresses range from $FFF000 to $FFFFFF.

In the module memory maps in this appendix, the “Access” column specifies which
registers are accessible when the CPU32 is in supervisor mode only and which regis-
ters can be assigned to either supervisor or user mode.

D.1 Central Processor Unit

CPUS32 registers are not part of the module address map. Figures D-1 and D-2 show
a functional representation of CPU32 resources.
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D.2 System Integration Module

Table D-3 shows the SIM address map. The column labeled “Access” indicates the
privilege level at which the CPU32 must be operating to access the register. A
designation of “S” indicates that supervisor mode is required. A designation of “S/U”
indicates that the register can be programmed for either supervisor mode access or

unrestricted access.

Table D-3 SIM Address Map

Access | Address! [15 8 [7 0
S $YFFAQO SIM Module Configuration Register (SIMCR)
S $YFFA02 SIM Test Register (SIMTR)
S $YFFAQ4 Clock Synthesizer Control Register (SYNCR)
S $YFFAO6 Not Used [ Reset Status Register (RSR)
S $YFFAO8 SIM Test Register E (SIMTRE)
S $YFFAOA Not Used
S $YFFAOC Not Used
S $YFFAOE Not Used

S/U $YFFAL10 Not Used Port E Data (PORTEO)

S/U $YFFAL12 Not Used Port E Data (PORTEL)

S/U $YFFAl4 Not Used Port E Data Direction (DDRE)
S $YFFAL16 Not Used Port E Pin Assignment (PEPAR)

S/U $YFFA18 Not Used Port F Data (PORTFO)

S/U $YFFALA Not Used Port F Data (PORTF1)

S/U $YFFALC Not Used Port F Data Direction (DDRF)
S $YFFALE Not Used Port F Pin Assignment (PFPAR)
S $YFFA20 Not Used System Protection Control (SYPCR)
S $YFFA22 Periodic Interrupt Control Register (PICR)

S $YFFA24 Periodic Interrupt Timing Register (PITR)
S $YFFA26 Not Used Software Service (SWSR)
S $YFFA28 Not Used

S $YFFA2A Not Used

S $YFFA2C Not Used

S $YFFA2E Not Used

S $YFFA30 Test Module Master Shift A (TSTMSRA)
S $YFFA32 Test Module Master Shift B (TSTMSRB)
S $YFFA34 Test Module Shift Count (TSTSC)

S $YFFA36 Test Module Repetition Counter (TSTRC)
S $YFFA38 Test Module Control (CREG)

S/U $YFFA3A Test Module Distributed (DREG)

$YFFA3C Not Used
$YFFA3E Not Used
S/U $YFFA40 Not Used [ Port C Data (PORTC)
$YFFA42 Not Used
S $YFFA44 Chip-Select Pin Assignment (CSPARO)
S $YFFA46 Chip-Select Pin Assignment (CSPAR1)
S $YFFA48 Chip-Select Base Boot (CSBARBT)
S $YFFA4A Chip-Select Option Boot (CSORBT)
S $YFFA4C Chip-Select Base 0 (CSBARO)
S $YFFA4E Chip-Select Option 0 (CSORO0)
MC68336/376 REGISTER SUMMARY MOTOROLA
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To reset the software watchdog:

1. Write $55 to SWSR.
2. Write $AA to SWSR.

Both writes must occur in the order specified before the software watchdog times out,
but any number of instructions can occur between the two writes.

D.2.16 Port C Data Register

PORTC — Port C Data Register $YFFA41
15 8 7 6 5 4 3 2 1 0
| NOT USED \ 0 \ PC6 \ PC5 \ PC4 \ PC3 \ PC2 \ PC1 \ PCO ‘

RESET:
0 1 1 1 1 1 1 1

PORTC latches data for chip-select pins configured as discrete outputs.

D.2.17 Chip-Select Pin Assignment Registers

CSPARO — Chip-Select Pin Assignment Register 0 $YFFA44
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

| 0 \ 0 \ CS5PA[1:0] \ CS4PA[1:0] \ CS3PA[1:0] \ CS2PA[1:0] \ CSTPA[1:0] \ CSOPA[1:0] \ CSBTPA[1:0] ‘
RESET:
0 0 DATA2 1 DATA2 1 DATA2 1 DATAl 1 DATA 1  DATA 1 1 DATAO

The chip-select pin assignment registers configure the chip-select pins for use as dis-
crete 1/O, an alternate function, or as an 8-bit or 16-bit chip-select. Each 2-bit field in
CSPARJ0:1] (except for CSBTPA[1:0]) has the possible encoding shown in Table D-9.

Table D-9 Pin Assignment Field Encoding

CSxPA[1:0] Description
00 Discrete output!
01 Alternate function®
10 Chip-select (8-bit port)
11 Chip-select (16-bit port)
NOTES:

1. Does not apply to the CSBOOT field.

CSPARQO contains seven 2-bit fields that determine the function of corresponding chip-
select pins. Bits [15:14] are not used. These bits always read zero; writes have no
effect. CSPARO bit 1 always reads one; writes to CSPARO bit 1 have no effect. The
alternate functions can be enabled by data bus mode selection during reset.

Table D-10 shows CSPARO pin assignments.
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D.5.8 Conversion Command Word Table
CCWIJ[0:27] — Conversion Command Word Table $YFF230-$YFF27E
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| NOT USED \ P \ BYP \ IST[1:0] \ CHAN[5:0] ‘
RESET:
U U U U U U U V] U U
P — Pause

The pause bit allows the creation of sub-queues within queue 1 and queue 2. The
QADC performs the conversion specified by the CCW with the pause bit set, and then
the queue enters the pause state. Another trigger event causes execution to continue
from the pause to the next CCW.

0 = Do not enter the pause state after execution of the current CCW.

1 = Enter the pause state after execution of the current CCW.

BYP — Sample Amplifier Bypass

Setting BYP enables the amplifier bypass mode for a conversion, and subsequently
changes the timing. Refer to 8.11.1.1 Amplifier Bypass Mode Conversion Timing
for more information.

0 = Amplifier bypass mode disabled.

1 = Amplifier bypass mode enabled.

IST[1:0] — Input Sample Time

CH

The IST field specifies the length of the sample window. Longer sample times permit
more accurate A/D conversions of signals with higher source impedances.

Table D-28 shows the bit encoding of the IST field.
Table D-28 Input Sample Times

IST[1:0] Input Sample Times
00 2 QCLK periods
01 4 QCLK periods
10 8 QCLK periods
11 16 QCLK periods

AN[5:0] — Channel Number

The CHAN field selects the input channel number corresponding to the analog input
pin to be sampled and converted. The analog input pin channel number assignments
and the pin definitions vary depending on whether the QADC is operating in multi-
plexed or non-multiplexed mode. The queue scan mechanism sees no distinction be-
tween an internally or externally multiplexed analog input.

CHAN specifies a reserved channel number (channels 32 to 47) or an invalid channel
number (channels 4 to 31 in non-multiplexed mode), the low reference level (Vg|) is
converted. Programming the channel field to channel 63 indicates the end of the
queue. Channels 60 to 62 are special internal channels. When one of these channels
is selected, the sample amplifier is not used. The value of Vg, Vry, OF Vppa/2 is
placed directly onto the converter. Programming the input sample time to any value
other than two for one of the internal channels has no benefit except to lengthen the
overall conversion time.
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SCK Baud Rate = fs#
2 % SPBR[7:0]

or

f
PBRJ[7:0] = =5 .
S [7:0] 2 x SCK Baud Rate Desired

Giving SPBR[7:0] a value of zero or one disables the baud rate generator. SCK is
disabled and assumes its inactive state value. No serial transfers occur. At reset, the
SCK baud rate is initialized to one eighth of the system clock frequency.

D.6.12 QSPI Control Register 1

SPCR1 — QSPI Control Register 1 $YFFC1A
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| SPE ‘ DSCKLI6:0] ‘ DTL[7:0] ‘
RESET:
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0

SPCR1 enables the QSPI and specified transfer delays. The CPU32 has read/write
access to SPCR1, but the QSM has read access only to all bits except SPE. SPCR1
must be written last during initialization because it contains SPE. Writing a new value
to SPCR1 while the QSPI is enabled disrupts operation.

SPE — QSPI Enable
0 = QSPl is disabled. QSPI pins can be used for general-purpose 1/O.
1 = QSPI is enabled. Pins allocated by PQSPAR are controlled by the QSPI.

DSCKL[6:0] — Delay before SCK
When the DSCK bit is set in a command RAM byte, this field determines the length of
the delay from PCS valid to SCK transition. PCS can be any of the four peripheral chip-
select pins. The following equation determines the actual delay before SCK:

DSCKL[6:0]
f

sys

PCS to SCK Delay =

where DSCKL][6:0] equals is in the range of 1 to 127.

When DSCK is zero in a command RAM byte, then DSCKL[6:0] is not used. Instead,
the PCS valid to SCK transition is one-half the SCK period.
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CH[15:0] — Encoded Channel Priority Levels
Table D-56 shows channel priority levels.

Table D-56 Channel Priorities

CHXx[1:0] Service Guaranteed Time Slots
00 Disabled —
01 Low 1outof 7
10 Middle 2 outof 7
11 High 4 outof 7

D.8.11 Channel Interrupt Status Register

CISR — Channel Interrupt Status Register $YFFE20

15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
lCH15‘CH14‘CH13‘CH12‘CH11 \ on\ CH9 \ CH8 \ CH7 \ CH6 \ CH5 \ CH4 \ CH3 \ CH2 \ CH1 \ CHO ‘
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CHJ[15:0] — Channel Interrupt Status
0 = Channel interrupt not asserted.
1 = Channel interrupt asserted.

D.8.12 Link Register

LR — Link Register $YFFE22
Used for factory test only.

D.8.13 Service Grant Latch Register

SGLR — Service Grant Latch Register $YFFE24
Used for factory test only.

D.8.14 Decoded Channel Number Register

DCNR — Decoded Channel Number Register $YFFE26
Used for factory test only.

D.8.15 TPU Parameter RAM
The channel parameter registers are organized as one hundred 16-bit words of RAM.
Channels 0 to 13 have six parameters. Channels 14 and 15 each have eight parame-
ters. The parameter registers constitute a shared work space for communication be-
tween the CPU32 and the TPU. Refer to Table D-57.
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To clear an interrupt flag, first read the flag as a one, and then write it as a zero. Should
a new flag setting event occur between the time that the CPU32 reads the flag as a
one and writes the flag as a zero, the flag will not be cleared. This register can be

written to zeros only.

D.10.15 Error Counters

RXECTR — Receive Error Counter $YFFOAG
TXECTR — Transmit Error Counter $YFFOA7
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
RXECTR \ TXECTR
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Both counters are read only, except when the TouCAN is in test or debug mode.
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