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SECTION 3 OVERVIEW

This section contains information about the entire MC68336/376 modular microcon-
troller. It lists the features of each module, shows device functional divisions and pin
assignments, summarizes signal and pin functions, discusses the intermodule bus,
and provides system memory maps. Timing and electrical specifications for the entire
microcontroller and for individual modules are provided in APPENDIX A ELECTRI-
CAL CHARACTERISTICS. Comprehensive module register descriptions and memo-
ry maps are provided in APPENDIX D REGISTER SUMMARY.

3.1 MCU Features

The following paragraphs highlight capabilities of each of the microcontroller modules.
Each module is discussed separately in a subsequent section of this user's manual.

3.1.1 Central Processing Unit (CPU32)

* 32-bit architecture

* Virtual memory implementation

» Table look-up and interpolate instruction

» Improved exception handling for controller applications
* High level language support

 Background debug mode

* Fully static operation

3.1.2 System Integration Module (SIM)

* External bus support

» Programmable chip select outputs

 System protection logic

» Watchdog timer, clock monitor and bus monitor
» Two 8-bit dual function input/output ports

* One 7-bit dual function output port
 Phase-locked loop (PLL) clock system

3.1.3 Standby RAM Module (SRAM)

* 4-Kbytes of static RAM
* No standby supply

3.1.4 Masked ROM Module (MRM)

* 8-Kbyte array, accessible as bytes or words
* User selectable default base address

« User selectable bootstrap ROM function

* User selectable ROM verification code

MC68336/376 OVERVIEW MOTOROLA
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P

$000000 VECTOR |VECTOR TYPE OF
A OFFSET_|NUMBER EXCEPTION
0000 0 RESET — INITIAL STACK POINTER $XX0000
0004 1 RESET — INITIAL PC
0008 2 BUS ERROR
000C 3 ADDRESS ERROR
0010 4 ILLEGAL INSTRUCTION
0014 5 ZERO DIVISION
0018 6 CHK, CHK2 INSTRUCTIONS
001C 7 TRAPcc, TRAPV INSTRUCTIONS
0020 8 PRIVILEGE VIOLATION
0024 9 TRACE
0028 10 LINE 1010 EMULATOR
002C 11 LINE 1111 EMULATOR
COMBINED 0030 72 HARDWARE BREAKPOINT
SUPERVISOR 0034 73| (RESERVED COPROCESSOR PROTOCOL VIOLATION]
AND USER 0038 14| _FORMAT ERROR AND UNINITIALIZED INTERRUPT
SPAC 003C 75| _FORMAT ERROR AND UNINITIALIZED INTERRUPT
PACE 0040-005C|16-23 {UNASSIGNED, RESERVED)
0060 2% SPURIOUS INTERRUPT
0064 2 LEVEL 1 INTERRUPT AUTOVECTOR
0068 26 LEVEL 2 INTERRUPT AUTOVECTOR
0060 27 LEVEL 3 INTERRUPT AUTOVEGTOR
0070 28 LEVEL 4 INTERRUPT AUTOVECTOR
0074 29 LEVEL 5 INTERRUPT AUTOVECTOR
0078 30 LEVEL 6 INTERRUPT AUTOVECTOR
007C 31 LEVEL 7 INTERRUPT AUTOVECTOR
0080-00BC|_32-47 TAP INSTRUCTION VECTORS (0-15)
00C0-00EB|_46-58 {RESERVED, COPROCESSOR]
00EC-00FC|_59-63 {UNASSIGNED, RESERVED)
0100-03FC| 64-255 USER-DEFINED VECTORS $XX03FC
$YFF000
TouCAN $YFF080
MC68376
( ) $YFF200
QADC
CTva $YFF400
$7FF000 $YFF500
INTERNAL REGISTERS (MM = 0) SYFFB20
MRM CONTROL
(MC68376)
$YFF83F
$YFFAQD
SIM
$YFFABD
$YFFBOO
TPURAM CTL
S c $YFFB40
RAM CTL
$YFFB48
$YFFCO00
QSm §
YFFEOO
$FFF000 INTERNAL REGISTERS (MM = 1) TPU
$FFFFFF SYFFFFF

NOTES:
1. LOCATION OF THE EXCEPTION VECTOR TABLE IS DETERMINED BY THE VECTOR BASE REGISTER. THE VECTOR ADDRESS IS THE CONCATENATION OF THE UPPER 22 BITS
OF THE VBR WITH THE 8-BIT VECTOR NUMBER OF THE INTERRUPTING MODULE. THE RESULT IS LEFT JUSTIFIED TO FORCE LONG WORD ALIGNMENT.

2. LOCATION OF THE MODULE CONTROL REGISTERS IS DETERMINED BY THE STATE OF THE MODULE MAPPING (MM) BIT IN THE SIM CONFIGURATION REGISTER. Y = M111 WHERE
M S THE STATE OF THE MM BIT.

3. SOME UNUSED ADDRESSES WITHIN THE INTERNAL REGISTER BLOCK ARE MAPPED EXTERNALLY. REFER TO THE APPROPRIATE MODULE REFERENCE MANUAL FOR INFORMATION
ON MAPPING OF UNUSED ADDRESSES WITHIN INTERNAL REGISTER BLOCKS.

336//376 S/U COMB MAP

Figure 3-5 Overall Memory Map

MC68336/376 OVERVIEW MOTOROLA
USER’S MANUAL 3-15



BIT DATA

1BYTE=8BITS
6 5 4 3 2 0
1BYTE =8BITS
15 8 7 0
MSB BYTE 0O LSB BYTE 1
BYTE 2 BYTE 3
WORD =16 BITS
15 0
MSB WORD 0 LSB
WORD 1
WORD 2
LONG WORD =32 BITS
15 0
MSB HIGH ORDER
ffffffff LONGWORDO = = = = = === === o == oo oo oo oo
LOW ORDER LSB
ffffffff LONGWORD 1 == - = === - s o s o s m oo m el
ffffffff LONGWORD2 = = === === - = om o s o mmm oo
ADDRESS 1
ADDRESS =32 BITS
15 0
MSB ADDRESS 0 HIGH ORDER
LOW ORDER LSB
ffffffff ADDRESS 1 - = - - -« - - s oo sl
fffffffff ADDRESS2 - = - === == - s sm s
MSB = Most Significant Bit
LSB = Least Significant Bit
DECIMAL DATA
BCD DIGITS = 1 BYTE
15 12 11 87 43 0
MSD BCDO BCD 1 LSD BCD 2 BCD3
BCD 4 BCD 5 BCD 6 BCD7
MSD = Most Significant Digit
LSD = Least Significant Digit 1125A
Figure 4-6 Memory Operand Addressing
MOTOROLA CENTRAL PROCESSOR UNIT MC68336/376
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4.10.1 M68000 Family Development Support

All M68000 Family members include features to facilitate applications development.
These features include the following:

Trace on Instruction Execution — M68000 Family processors include an instruction-
by-instruction tracing facility as an aid to program development. The MC68020,
MC68030, MC68040, and CPU32 also allow tracing only of those instructions causing
a change in program flow. In the trace mode, a trace exception is generated after an
instruction is executed, allowing a debugger program to monitor the execution of a pro-
gram under test.

Breakpoint Instruction — An emulator may insert software breakpoints into the target
code to indicate when a breakpoint has occurred. On the MC68010, MC68020,
MC68030, and CPU32, this function is provided via illegal instructions, $4848-$484F,
to serve as breakpoint instructions.

Unimplemented Instruction Emulation — During instruction execution, when an at-
tempt is made to execute an illegal instruction, an illegal instruction exception occurs.
Unimplemented instructions (F-line, A-line, . . .) utilize separate exception vectors to
permit efficient emulation of unimplemented instructions in software.

4.10.2 Background Debug Mode

Microcomputer systems generally provide a debugger, implemented in software, for
system analysis at the lowest level. The background debug mode (BDM) on the
CPU32 is unique in that the debugger has been implemented in CPU microcode.

BDM incorporates a full set of debugging options: registers can be viewed or altered,
memory can be read or written to, and test features can be invoked.

A resident debugger simplifies implementation of an in-circuit emulator. In a common
setup (refer to Figure 4-8), emulator hardware replaces the target system processor.
A complex, expensive pod-and-cable interface provides a communication path be-
tween the target system and the emulator.

By contrast, an integrated debugger supports use of a bus state analyzer (BSA) for
incircuit emulation. The processor remains in the target system (refer to Figure 4-9)
and the interface is simplified. The BSA monitors target processor operation and the
on-chip debugger controls the operating environment. Emulation is much “closer” to
target hardware, and many interfacing problems (for example, limitations on high-
frequency operation, AC and DC parametric mismatches, and restrictions on cable
length) are minimized.

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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The MCU always attempts to transfer the maximum amount of data on all bus cycles.
For any bus access, it is assumed that the port is 16 bits wide when the bus cycle
begins.

Operand bytes are designated as shown in Figure 5-9. OP[0:3] represent the order of
access. For instance, OPO is the most significant byte of a long-word operand, and is
accessed first, while OP3, the least significant byte, is accessed last. The two bytes of
a word-length operand are OPO (most significant) and OP1. The single byte of a byte-
length operand is OPO.

OPERAND BYTE ORDER
31 2423 1615 87 0
LONG WORD OPO OP1 0oP2 0oP3
THREE BYTE OPO OP1 oP2
WORD OPO OP1
BYTE OPO

(OPERAND BYTE ORDER

Figure 5-9 Operand Byte Order

5.5.3 Operand Alignment

The EBI data multiplexer establishes the necessary connections for different combi-
nations of address and data sizes. The multiplexer takes the two bytes of the 16-bit
bus and routes them to their required positions. Positioning of bytes is determined by
the size and address outputs. SIZ1 and SIZ0 indicate the number of bytes remaining
to be transferred during the current bus cycle. The number of bytes transferred is equal
to or less than the size indicated by SIZ1 and SI1Z0, depending on port width.

ADDRO also affects the operation of the data multiplexer. During an operand transfer,
ADDR[23:1] indicate the word base address of the portion of the operand to be ac-
cessed. ADDRO indicates the byte offset from the base.

5.5.4 Misaligned Operands

The CPU32 uses a basic operand size of 16 bits. An operand is misaligned when it
overlaps a word boundary. This is determined by the value of ADDRO. When ADDRO
=0 (an even address), the address is on a word and byte boundary. When ADDRO =
1 (an odd address), the address is on a byte boundary only. A byte operand is aligned
at any address; a word or long-word operand is misaligned at an odd address. The
CPU32 does not support misaligned transfers.

The largest amount of data that can be transferred by a single bus cycle is an aligned
word. If the MCU transfers a long-word operand through a 16-bit port, the most signif-
icant operand word is transferred on the first bus cycle and the least significant oper-
and word is transferred on a following bus cycle.

MC68336/376 SYSTEM INTEGRATION MODULE MOTOROLA
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The CPU32 does not latch the priority of a pending interrupt request. If an interrupt
source of higher priority makes a service request while a lower priority request is pend-
ing, the higher priority request is serviced. If an interrupt request with a priority equal
to or lower than the current IP mask value is made, the CPU32 does not recognize the
occurrence of the request. If simultaneous interrupt requests of different priorities are
made, and both have a priority greater than the mask value, the CPU32 recognizes
the higher-level request.

5.8.3 Interrupt Acknowledge and Arbitration

When the CPU32 detects one or more interrupt requests of a priority higher than the
interrupt priority mask value, it places the interrupt request level on the address bus
and initiates a CPU space read cycle. The request level serves two purposes: it is de-
coded by modules or external devices that have requested interrupt service, to deter-
mine whether the current interrupt acknowledge cycle pertains to them, and it is
latched into the interrupt priority mask field in the CPU32 status register to preclude
further interrupts of lower priority during interrupt service.

Modules or external devices that have requested interrupt service must decode the IP
mask value placed on the address bus during the interrupt acknowledge cycle and re-
spond if the priority of the service request corresponds to the mask value. However,
before modules or external devices respond, interrupt arbitration takes place.

Arbitration is performed by means of serial contention between values stored in indi-
vidual module interrupt arbitration (IARB) fields. Each module that can make an inter-
rupt service request, including the SIM, has an IARB field in its configuration register.
IARB fields can be assigned values from %0000 to %1111. In order to implement an
arbitration scheme, each module that can request interrupt service must be assigned
a unigue, non-zero IARB field value during system initialization. Arbitration priorities
range from %0001 (lowest) to %1111 (highest) — if the CPU recognizes an interrupt
service request from a source that has an IARB field value of %0000, a spurious inter-
rupt exception is processed.

WARNING

Do not assign the same arbitration priority to more than one module.
When two or more IARB fields have the same nonzero value, the
CPU32 interprets multiple vector numbers at the same time, with un-
predictable consequences.

Because the EBI manages external interrupt requests, the SIM IARB value is used for
arbitration between internal and external interrupt requests. The reset value of IARB
for the SIM is %1111, and the reset IARB value for all other modules is %0000.

Although arbitration is intended to deal with simultaneous requests of the same
interrupt level, it always takes place, even when a single source is requesting service.
This is important for two reasons: the EBI does not transfer the interrupt acknowledge
read cycle to the external bus unless the SIM wins contention, and failure to contend
causes the interrupt acknowledge bus cycle to be terminated early by a bus error.

MOTOROLA SYSTEM INTEGRATION MODULE MC68336/376
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Table 5-21 Chip-Select Base and Option Register Reset Values

Fields Reset Values
Base address $000000
Block size 2 Kbyte
Async/sync mode Asynchronous mode
Upper/lower byte Disabled
Read/write Disabled
AS/DS AS
DSACK No wait states
Address space CPU space
IPL Any level
Autovector External interrupt vector

Following reset, the MCU fetches the initial stack pointer and program counter values
from the exception vector table, beginning at $000000 in supervisor program space.
The CSBOOT chip-select signal is used to select an external boot device mapped to
a base address of $000000.

The MSB of the CSBTPA field in CSPARO has a reset value of one, so that chip-select
function is selected by default out of reset. The BYTE field in chip-select option register
CSORBT has a reset value of “both bytes” so that the select signal is enabled out of
reset. The LSB of the CSBOOT field, determined by the logic level of DATAO during
reset, selects the boot ROM port size. When DATAO is held low during reset, port size
is eight bits. When DATAQO is held high during reset, port size is 16 bits. DATAO has a
weak internal pull-up driver, so that a 16-bit port is selected by default out of reset.
However, the internal pull-up driver can be overcome by bus loading effects. To en-
sure a particular configuration out of reset, use an active device to put DATAO in a
known state during reset.

The base address field in the boot chip-select base address register CSBARBT has a
reset value of all zeros, so that when the initial access to address $000000 is made,
an address match occurs, and the CSBOOT signal is asserted. The block size field in
CSBARBT has a reset value of one Mbyte. Table 5-22 shows CSBOOT reset values.

Table 5-22 CSBOOT Base and Option Register Reset Values

Fields Reset Values
Base address $000000
Block size 1 Mbyte
Async/sync mode Asynchronous mode
Upper/lower byte Both bytes
Read/write Read/write
AS/DS AS
DSACK 13 wait states
Address space Supervisor/user space
IPLT Any level
Autovector Interrupt vector externally
NOTES:

1. These fields are not used unless “Address space” is set to CPU space.

MC68336/376
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SECTION 7 MASKED ROM MODULE

The masked ROM module (MRM) consists of a fixed-location control register block
and an 8-Kbyte mask-programmed read-only memory array that can be mapped to
any 8-Kbyte boundary in the system memory map. The MRM can be programmed to
insert wait states to accommodate migration from slow external development memory.
Access time depends upon the number of wait states specified, but can be as fast as
two bus cycles. The MRM can be used for program accesses only, or for program and
data accesses. Data can be read in bytes, words or long words. The MRM can be con-
figured to support system bootstrap during reset.

7.1 MRM Register Block

There are three MRM control registers: the masked ROM module configuration regis-
ter (MRMCR), and the ROM array base address registers (ROMBAH and ROMBAL).
In addition, the MRM register block contains signature registers (SIGHI and SIGLO),
and ROM bootstrap words (ROMBS[0:3]).

The module mapping bit (MM) in the SIM configuration register defines the most
significant bit (ADDR23) of the IMB address for each MC68336/376 module. 5.2.1
Module Mapping contains information about how the state of MM affects the system.

The MRM control register block consists of 32 bytes, but not all locations are imple-
mented. Unimplemented register addresses are read as zeros, and writes have no ef-
fect. Refer to D.4 Masked ROM Module for register block address map and register
bit/field definitions.

7.2 MRM Array Address Mapping

Base address registers ROMBAH and ROMBAL are used to specify the ROM array
base address in the memory map. Although the base address contained in ROMBAH
and ROMBAL is mask-programmed, these registers can be written after reset to
change the default array address if the base address lock bit (LOCK in MRMCR) is not
masked to a value of one.

The MRM array can be mapped to any 8-Kbyte boundary in the memory map, but must
not overlap other module control registers (overlap makes the registers inaccessible).
If the array overlaps the MRM register block, addresses in the block are accessed in-
stead of the corresponding array addresses.

ROMBAH and ROMBAL can only be written while the ROM is in low-power stop mode
(MRMCR STOP = 1) and the base address lock (MRMCR LOCK = 0) is disabled.
LOCK can be written once only to a value of one. This prevents accidental remapping
of the array.

MC68336/376 MASKED ROM MODULE MOTOROLA
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9.3 Queued Serial Peripheral Interface

The queued serial peripheral interface (QSPI) is used to communicate with external
devices through a synchronous serial bus. The QSPI is fully compatible with SPI sys-
tems found on other Motorola products, but has enhanced capabilities. The QSPI can
perform full duplex three-wire or half duplex two-wire transfers. A variety of transfer
rates, clocking, and interrupt-driven communication options is available. Figure 9-2
displays a block diagram of the QSPI.
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Figure 9-2 QSPI Block Diagram
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9.4.1.2 Status Register

SCSR contains flags that show SCI operating conditions. These flags are cleared ei-
ther by SCI hardware or by reading SCSR, then reading or writing SCDR. A long-word
read can consecutively access both SCSR and SCDR. This action clears receiver sta-
tus flag bits that were set at the time of the read, but does not clear TDRE or TC flags.

If an internal SCI signal for setting a status bit comes after reading the asserted status
bits, but before reading or writing SCDR, the newly set status bit is not cleared. SCSR
must be read again with the bit set, and SCDR must be read or written before the sta-
tus bit is cleared.

Reading either byte of SCSR causes all 16 bits to be accessed, and any status bit al-
ready set in either byte is cleared on a subsequent read or write of SCDR.

9.4.1.3 Data Register

SCDR contains two data registers at the same address. The receive data register
(RDR) is a read-only register that contains data received by the SCI serial interface.
Data enters the receive serial shifter and is transferred to RDR. The transmit data reg-
ister (TDR) is a write-only register that contains data to be transmitted. Data is first writ-
ten to TDR, then transferred to the transmit serial shifter, where additional format bits
are added before transmission. R[7:0]/T[7:0] contain either the first eight data bits re-
ceived when SCDR is read, or the first eight data bits to be transmitted when SCDR is
written. R8/T8 are used when the SCl is configured for 9-bit operation. When it is con-
figured for 8-bit operation, they have no meaning or effect.

9.4.2 SCI Pins

Two unidirectional pins, TXD (transmit data) and RXD (receive data), are associated
with the SCI. TXD can be used by the SCI or for general-purpose I/O. Function is as-
signed by the port QS pin assignment register (PQSPAR). The receive data (RXD) pin
is dedicated to the SCI. Table 9-4 shows SCI pin function.

Table 9-4 SCI Pins

Pin Names Mnemonics Mode Function
. Receiver disabled Not used
Receive Data RXD Receiver enabled Serial data input to SCI
. Transmitter disabled General-purpose I/O
Transmit Data XD Transmitter enabled Serial data output from SCI

9.4.3 SCI Operation

SCI operation can be polled by means of status flags in SCSR, or interrupt-driven
operation can be employed by the interrupt enable bits in SCCR1.
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Table A-7 Background Debug Mode Timing
(Vpp = 5.0 Vdc #5%, Vgg = 0 Vdc, Ta= T, to Ty

Num Characteristic Symbol Min Max Unit
BO | DSI Input Setup Time tosisu 15 — ns
B1 |DSI Input Hold Time tbsiH 10 — ns
B2 |DSCLK Setup Time thscsu 15 — ns
B3 |DSCLK Hold Time tosch 10 — ns
B4 | DSO Delay Time tbsop — 25 ns
B5 |DSCLK Cycle Time tbsceye 2 — teye
B6 | CLKOUT Low to FREEZE Asserted/Negated tERzAN — 50 ns
B7 | CLKOUT High to IFETCH High Impedance tipz — TBD ns
B8 | CLKOUT High to IFETCH Valid tp — TBD ns
B9 |DSCLK Low Time tbscLo 1 — toye
NOTES:

1. All AC timing is shown with respect to 20% Vpp and 70% Vpp levels unless otherwise noted.
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Table A-14 QADC Conversion Characteristics (Operating)
(VDD| and VDDA =5.0Vdc + 5%, VSS| and VSSA =0 VdC, TA = TL to TH’
0.5 MHz < foc 1k < 2.1 MHz, 2 clock input sample time)

Num Parameter Symbol Min Typ Max Unit
1 | Resolution! 1 Count — 5 — mv
2 Differential nonlinearity? DNL — — +0.5 Counts
3 Integral nonlinearity INL — — +2.0 Counts
4 2,3,4

Absolute error’ 5
focLk = 0.999 MHz

PQA — — +25
PQB AE — — +25 Counts
focLk = 2.097 MHz®
PQA — — +4.0
PQB — — +4.0
5 Source impedance at input’ Rsg — 20 — kQ
NOTES:

1. At Vg — VR =5.12V, one count =5 mV.

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

3. Absolute error includes 1/2 count (2.5 mV) of inherent quantization error and circuit (differential, integral, and
offset) error. Specification assumes that adequate low-pass filtering is present on analog input pins — capacitive
filter with 0.01 pF to 0.1 pF capacitor between analog input and analog ground, typical source isolation
impedance of 20 kQ.

4. Assumes fgyg = 20.97 MHz.

5. Assumes clock prescaler values of:

QACRO: PSH = %01111, PSA = %1, PSL = 100)
CCW: BYP = %0

6. Assumes clock prescaler values of:

QACRO: PSH = %00110, PSA = %1, PSL = 010)
CCW: BYP = %0

7. Maximum source impedance is application-dependent. Error resulting from pin leakage depends on junction
leakage into the pin and on leakage due to charge-sharing with internal capacitance.

Error from junction leakage is a function of external source impedance and input leakage current. In the following
expression, expected error in result value due to junction leakage is expressed in voltage (Vey):

Verrj = Rs X lorr
where Iggg is a function of operating temperature. Refer to Table A-12.
Charge-sharing leakage is a function of input source impedance, conversion rate, change in voltage between
successive conversions, and the size of the decoupling capacitor used. Error levels are best determined
empirically. In general, continuous conversion of the same channel may not be compatible with high source
impedance.
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Table A-19 PWMSM Timing Characteristics
(Vpp = 5.0Vdc £5%, V=0 Vdc, T, =T to T,)

Num Parameter Symbol Min Max Unit
1 | PWMSM output resolution® R - - Hs
2 |PWMSM output pulse? towmo 2.0 ¢ - HS
3 | PWMSM output pulse® oo 2.0/ 2.0/ Hs

CPSM enable to output set
4 PWMSM enabled before CPSM , DIV23 =0 towmp 3.5/fSys — ps
PWMSM enabled before CPSM , DIV23 =1 6.5/fSys
PWM enable to output set
5 PWMSM enabled before CPSM , DIV23 =0 tPWME 3.5/fSyS 4.5/fSyS us
PWMSM enabled before CPSM , DIV23 =1 5.5/fsys 6.5/fsys
6 | FLAG to IMB interrupt request tFIRQ l.5/fsys 2.5/fsys ps
NOTES:
1. Minimum output resolution depends on counter and prescaler divide ratio selection.
2. Excluding the case where the output is always zero.
3. Excluding the case where the output is always zero.
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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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STOP — Low-Power Stop Mode Enable

0 = QSM clock operates normally.

1 = QSM clock is stopped.
When STOP is set, the QSM enters low-power stop mode. The system clock input to
the module is disabled. While STOP is set, only QSMCR reads are guaranteed to be
valid, but writes to the QSPI RAM and other QSM registers are guaranteed valid. The
SCI receiver and transmitter must be disabled before STOP is set. To stop the QSPI,
set the HALT bit in SPCR3, wait until the HALTA flag is set, then set STOP.

FRZ1— FREEZE Assertion Response
FRZ1 determines what action is taken by the QSPI when the IMB FREEZE signal is
asserted.
0 = Ignore the IMB FREEZE signal.
1 = Halt the QSPI on a transfer boundary.

FRZ0 — Not Implemented
Bits [12:8] — Not Implemented

SUPV — Supervisor/Unrestricted Data Space
The SUPV bit places the QSM registers in either supervisor or user data space.
0 = Registers with access controlled by the SUPV bit are accessible in either
supervisor or user mode.
1 = Registers with access controlled by the SUPV bit are restricted to supervisor
access only.

Bits [6:4] — Not Implemented

IARB[3:0] — Interrupt Arbitration 1D
The IARB field is used to arbitrate between simultaneous interrupt requests of the
same priority. Each module that can generate interrupt requests must be assigned a
unique, non-zero IARB field value.

D.6.2 QSM Test Register

QTEST — QSM Test Register $YFFCO02
Used for factory test only.

D.6.3 QSM Interrupt Level Register

QILR — QSM Interrupt Levels Register $YFFCO04
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| 0 \ 0 \ ILQSPI[2:0] \ ILSCI[2:0] \ QIVR ‘
RESET:
0 0 0 0 0 0 0 0

The values of ILQSPI[2:0] and ILSCI[2:0] in QILR determine the priority of QSPI and SCI
interrupt requests.
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FE — Framing Error
0 = No framing error detected in the received data.
1 = Framing error or break detected in the received data.

PF — Parity Error
0 = No parity error detected in the received data.
1 = Parity error detected in the received data.

D.6.8 SCI Data Register

SCDR — SCI Data Register $YFFCOE
15 9 8 7 6 5 4 3 2 1 0
| NOT USED \ R8/T8 \ R7T7 \ R6/T6 \ R5/T5 \ R4/T4 \ R3/T3 \ R2/T2 \ R1/T1 \ RO/TO ‘
RESET:
0 0 0 0 0 0 0 U u u U u U u u U

SCDR consists of two data registers located at the same address. The receive data
register (RDR) is a read-only register that contains data received by the SCI serial
interface. Data comes into the receive serial shifter and is transferred to RDR. The
transmit data register (TDR) is a write-only register that contains data to be
transmitted. Data is first written to TDR, then transferred to the transmit serial shifter,
where additional format bits are added before transmission. R[7:0]/T[7:0] contain
either the first eight data bits received when SCDR is read, or the first eight data bits
to be transmitted when SCDR is written. R8/T8 are used when the SCI is configured
for nine-bit operation. When the SCI is configured for 8-bit operation, R8/T8 have no
meaning or effect.

D.6.9 Port QS Data Register

PORTQS — Port QS Data Register $YFFC15
15 8 7 6 5 4 3 2 1 0
| NOT USED \ PQS7 \ PQS6 \ PQS5 \ PQS4 \ PQS3 \ PQS2 \ PQS1 \ PQSO |
RESET
0 0 0 0 0 0 0 0

PORTQS latches I/O data. Writes drive pins defined as outputs. Reads return data
present on the pins. To avoid driving undefined data, first write a byte to PORTQS,
then configure DDRQS.
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PSEG1[2:0] — Phase Buffer Segment 1
The PSEGL field defines the length of phase buffer segment 1 in the bit time.

The valid programmed values are 0 through 7.

The length of phase buffer segment 1 is calculated as follows:

Phase Buffer Segment 1 = (PSEG1 + 1)Time Quanta

PSEG2 — Phase Buffer Segment 2
The PSEG2 field defines the length of phase buffer segment 2 in the bit time.

The valid programmed values are 0 through 7.

The length of phase buffer segment 2 is calculated as follows:

Phase Buffer Segment 2 = (PSEG2 + 1)Time Quanta

D.10.8 Free Running Timer

TIMER — Free Running Timer Register $YFFO8A
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| TIMER
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

The free running timer counter can be read and written by the CPU32. The timer starts
from zero after reset, counts linearly to $FFFF, and wraps around.

The timer is clocked by the TouCAN bit-clock. During a message, it increments by one
for each bit that is received or transmitted. When there is no message on the bus, it
increments at the nominal bit rate.

The timer value is captured at the beginning of the identifier field of any frame on the
CAN bus. The captured value is written into the “time stamp” entry in a message buffer
after a successful reception/transmission of a message.
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