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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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1.2 Block Diagram

Figure 1 MCU Block Diagram
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2.5 Signal Function

 DSACK[1:0] SIM Input 0
DSCLK CPU32 Input Serial Clock

DSI CPU32 Input (Serial Data)
DSO CPU32 Output (Serial Data)

EXTAL SIM Input  —
FC[2:0] SIM Output  —

FREEZE SIM Output 1
HALT SIM Input/Output 0
IC[4:1] GPT Input  —

IFETCH CPU32 Output  —
IPIPE CPU32 Output  —

IRQ[7:1] SIM Input 0
MISO QSM Input/Output  —

MODCLK SIM Input  —
MOSI QSM Input/Output  —

OC[5:1] GPT Output  —
PAI GPT Input  —

PC[6:0] SIM Output (Port)
PCS[3:0] QSM Input/Output —
PE[7:0] SIM Input/Output (Port)
PF[7:0] SIM Input/Output (Port)

PQS[7:0] QSM Input/Output (Port)
PCLK GPT Input  —

PWMA, PWMB GPT Output  —
QUOT SIM Output  —
RESET SIM Input/Output 0
RMC SIM Output 0
R/W SIM Output 1/0
RXD QSM Input  —
SCK QSM Input/Output  —

SIZ[1:0] SIM Output  —
SS QSM Input 0

TSC SIM Input  —
TXD QSM Output  —
XFC SIM Input  —
XTAL SIM Output  —

Table 6 MCU Signal Function  

Signal Name Mnemonic Function
Address Bus ADDR[23:0] 24-bit address bus 
Address Strobe AS Indicates that a valid address is on the address bus
Autovector AVEC Requests an automatic vector during interrupt acknowledge
Bus Error BERR Indicates that a bus error has occurred
Bus Grant BG Indicates that the MCU has relinquished the bus
Bus Grant Acknowledge BGACK Indicates that an external device has assumed bus mastership
Breakpoint BKPT Signals a hardware breakpoint to the CPU
Bus Request BR Indicates that an external device requires bus mastership
System Clockout CLKOUT System clock output
Chip Selects CS[10:0] Select external devices at programmed addresses

Table 5 MCU Signal Characteristics (Continued)

Signal Name MCU Module Signal Type Active State
MC68331TS/D 11
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SWP —Software Watchdog Prescale
This bit controls the value of the software watchdog prescaler. 

0 = Software watchdog clock not prescaled
1 = Software watchdog clock prescaled by 512

SWT[1:0] —Software Watchdog Timing
This field selects the divide ratio used to establish software watchdog time-out period. The following ta-
ble gives the ratio for each combination of SWP and SWT bits.

HME —Halt Monitor Enable
0 = Disable halt monitor function
1 = Enable halt monitor function

BME —Bus Monitor External Enable
0 = Disable bus monitor function for an internal to external bus cycle.
1 = Enable bus monitor function for an internal to external bus cycle.

BMT[1:0] —Bus Monitor Timing
This field selects a bus monitor time-out period as shown in the following table.

3.2.3 Bus Monitor

The internal bus monitor checks for excessively long DSACK response times during normal bus cycles
and for excessively long DSACK or AVEC response times during interrupt acknowledge cycles. The
monitor asserts BERR if response time is excessive. 

DSACK and AVEC response times are measured in clock cycles. The maximum allowable response
time can be selected by setting the BMT field. 

The monitor does not check DSACK response on the external bus unless the CPU initiates the bus cy-
cle. The BME bit in the SYPCR enables the internal bus monitor for internal 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.

3.2.4 Halt Monitor

The halt monitor responds to an assertion of HALT on the internal bus. A flag in the reset status register
(RSR) indicates that the last reset was caused by the halt monitor. The halt monitor reset can be inhib-
ited by the HME bit in the SYPCR.

SWP SWT Ratio
0 00 29

0 01 211

0 10 213

0 11 215

1 00 218

1 01 220

1 10 222

1 11 224

BMT Bus Monitor Time-out Period
00 64 System Clocks
01 32 System Clocks
10 16 System Clocks
11 8 System Clocks
MC68331TS/D 19
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Port width is the maximum number of bits accepted or provided during a bus transfer. External devices
must follow the handshake protocol described below. Control signals indicate the beginning of the cycle,
the address space, the size of the transfer, and the type of cycle. The selected device controls the length
of the cycle. Strobe signals, one for the address bus and another for the data bus, indicate the validity
of an address and provide timing information for data. The EBI operates in an asynchronous mode for
any port width. 

To add flexibility and minimize the necessity for external logic, MCU chip-select logic can be synchro-
nized with EBI transfers. Chip-select logic can also provide internally-generated bus control signals for
these accesses. Refer to 3.5 Chip Selects for more information. 

3.4.1 Bus Control Signals

The CPU initiates a bus cycle by driving the address, size, function code, and read/write outputs. At the
beginning of the cycle, size signals SIZ0 and SIZ1 are driven along with the function code signals. The
size signals indicate the number of bytes remaining to be transferred during an operand cycle. They are
valid while the address strobe (AS) is asserted. The following table shows SIZ0 and SIZ1 encoding. The
read/write (R/W) signal determines the direction of the transfer during a bus cycle. This signal changes
state, when required, at the beginning of a bus cycle, and is valid while AS is asserted. R/W only chang-
es state when a write cycle is preceded by a read cycle or vice versa. The signal can remain low for two
consecutive write cycles. 

3.4.2 Function Codes

The CPU32 automatically generates function code signals FC[2:0]. The function codes can be consid-
ered address extensions that automatically select one of eight address spaces to which an address ap-
plies. These spaces are designated as either user or supervisor, and program or data spaces. 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 while AS is asserted.

3.4.3 Address Bus

Address bus signals ADDR[23:0] define the address of the most significant byte to be transferred during
a bus cycle. The MCU places the address on the bus at the beginning of a bus cycle. The address is
valid while AS is asserted. 

Table 8 Size Signal Encoding

SIZ1 SIZ0 Transfer Size
0 1 Byte
1 0 Word
1 1 Three Byte
0 0 Long Word

Table 9 CPU32 Address Space Encoding

FC2 FC1 FC0 Address Space

0 0 0 Reserved

0 0 1 User Data Space

0 1 0 User Program Space

0 1 1 Reserved

1 0 0 Reserved

1 0 1 Supervisor Data Space

1 1 0 Supervisor Program Space

1 1 1 CPU Space
MC68331TS/D 25
  

For More Information On This Product,
  Go to: www.freescale.com



    
F

re
e

sc
a

le
 S

e
m

ic
o

n
d

u
c

to
r,

 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.
n

c
..

.

NOTES:
1. Operands in parentheses are ignored by the CPU32 during read cycles.
2. Three-byte transfer cases occur only as a result of a long word to byte transfer.
3. The CPU32 does not support misaligned word or long-word transfers.

3.5 Chip Selects

Typical microcontrollers require additional hardware to provide external chip-select signals. Twelve in-
dependently programmable chip selects provide fast two-cycle access to external memory or peripher-
als. Address block sizes of 2 Kbytes to 1 Mbyte can be selected.

Chip-select assertion can be synchronized with bus control signals to provide output enable, read/write
strobes, or interrupt acknowledge signals. Logic can also generate DSACK signals internally. A single
DSACK generator is shared by all circuits. Multiple chip selects assigned to the same address and con-
trol must have the same number of wait states. 

Chip selects can also be synchronized with the ECLK signal available on ADDR23. 

When a memory access occurs, chip-select logic compares address space type, address, type of ac-
cess, transfer size, and interrupt priority (in the case of interrupt acknowledge) to parameters stored in
chip-select registers. If all parameters match, the appropriate chip-select signal is asserted. Select sig-
nals are active low. Refer to the following block diagram of a single chip-select circuit. 

Table 11 Operand Alignment

Transfer Case SIZ1 SIZ0 ADDR0 DSACK1 DSACK0 DATA
[15:8]

DATA
[7:0]

Byte to 8-Bit Port (Even/Odd) 0 1 X 1 0 OP0 (OP0)
Byte to 16-Bit Port (Even) 0 1 0 0 X OP0 (OP0)
Byte to 16-Bit Port (Odd) 0 1 1 0 X (OP0) OP0
Word to 8-Bit Port (Aligned) 1 0 0 1 0 OP0 (OP1)

Word to 8-Bit Port (Misaligned)3 1 0 1 1 0 OP0 (OP0)

Word to 16-Bit Port (Aligned) 1 0 0 0 X OP0 OP1

Word to 16-Bit Port (Misaligned)3 1 0 1 0 X (OP0) OP0

3 Byte to 8-Bit Port (Aligned)2 1 1 0 1 0 OP0 (OP1)

3 Byte to 8-Bit Port (Misaligned)2, 3 1 1 1 1 0 OP0 (OP0)

3 Byte to 16-Bit Port (Aligned)2 1 1 0 0 X OP0 OP1

3 Byte to 16-Bit Port (Misaligned)2, 3 1 1 1 0 X (OP0) OP0

Long Word to 8-Bit Port (Aligned) 0 0 0 1 0 OP0 (OP1)

Long Word to 8-Bit Port (Misaligned)3 1 0 1 1 0 OP0 (OP0)

Long Word to 16-Bit Port (Aligned) 0 0 0 0 X OP0 OP1

Long Word to 16-Bit Port (Misaligned)3 1 0 1 0 X (OP0) OP0
28 MC68331TS/D
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3.7 Resets 

Reset procedures handle system initialization and recovery from catastrophic failure. The MCU per-
forms resets with a combination of hardware and software. The system integration module determines
whether a reset is valid, asserts control signals, performs basic system configuration based on hard-
ware mode-select inputs, then passes control to the CPU.

Reset occurs when an active low logic level on the RESET pin is clocked into the SIM. Resets are gated
by the CLKOUT signal. Asynchronous resets are assumed to be catastrophic. An asynchronous reset
can occur on any clock edge. Synchronous resets are timed to occur at the end of bus cycles. If there
is no clock when RESET is asserted, reset does not occur until the clock starts. Resets are clocked in
order to allow completion of write cycles in progress at the time RESET is asserted.

Reset is the highest-priority CPU32 exception. Any processing in progress is aborted by the reset ex-
ception, and cannot be restarted. Only essential tasks are performed during reset exception processing.
Other initialization tasks must be accomplished by the exception handler routine. 

3.7.1 SIM Reset Mode Selection

The logic states of certain data bus pins during reset determine SIM operating configuration. In addition,
the state of the MODCLK pin determines system clock source and the state of the BKPT pin determines
what happens during subsequent breakpoint assertions. The following table is a summary of reset
mode selection options. 

3.7.2 Functions of Pins for Other Modules During Reset

Generally, pins associated with modules other than the SIM default to port functions, and input/output
ports are set to input state. This is accomplished by disabling pin functions in the appropriate control
registers, and by clearing the appropriate port data direction registers. Refer to individual module sec-
tions in this manual for more information. The following table is a summary of module pin function out
of reset. 

Table 18 Reset Mode Selection

Mode Select Pin Default Function
(Pin Left High)

Alternate Function
(Pin Pulled Low)

DATA0 CSBOOT 16-Bit CSBOOT 8-Bit
DATA1 CS0

CS1
CS2

BR
BG

BGACK
DATA2 CS3

CS4
CS5

FC0
FC1
FC2

DATA3
DATA4
DATA5
DATA6
DATA7

CS6
CS[7:6]
CS[8:6]
CS[9:6]

CS[10:6]

ADDR19
ADDR[20:19]
ADDR[21:19]
ADDR[22:19]
ADDR[23:19]

DATA8 DSACK0, DSACK1,
AVEC, DS, AS,

SIZ[1:0]

PORTE

DATA9 IRQ[7:1]
MODCLK

PORTF

DATA11 Test Mode Disabled Test Mode Enabled
MODCLK VCO = System Clock EXTAL = System Clock

BKPT Background Mode Disabled Background Mode Enabled
MC68331TS/D 37
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Interrupt requests are sampled on consecutive falling edges of the system clock. Interrupt request input
circuitry has hysteresis. To be valid, a request signal must be asserted for at least two consecutive clock
periods. Valid requests do not cause immediate exception processing, but are left pending. Pending re-
quests are processed at instruction boundaries or when exception processing of higher-priority excep-
tions is complete. 

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 pending, the higher priority request is
serviced. If an interrupt request of equal or lower priority than the current IP mask value is made, the
CPU does not recognize the occurrence of the request in any way. 

3.8.1 Interrupt Acknowledge and Arbitration

Interrupt acknowledge bus cycles are generated during exception processing. When the CPU detects
one or more interrupt requests of a priority higher than the interrupt priority mask value, it performs a
CPU space read from address $FFFFF : [IP] : 1. 

The CPU space read cycle performs two functions: it places a mask value corresponding to the highest
priority interrupt request on the address bus, and it acquires an exception vector number from the inter-
rupt source. The mask value also serves two purposes: it is latched into the CCR IP field in order to
mask lower-priority interrupts during exception processing, and it is decoded by modules that have re-
quested interrupt service to determine whether the current interrupt acknowledge cycle pertains to
them. 

Modules that have requested interrupt service decode the IP value placed on the address bus at the
beginning of the interrupt acknowledge cycle, and if their requests are at the specified IP level, respond
to the cycle. Arbitration between simultaneous requests of the same priority is performed by means of
serial contention between module interrupt arbitration (IARB) field bit values. 

Each module that can make an interrupt service request, including the SIM, has an IARB field in its con-
figuration register. An IARB field can be assigned a value from %0001 (lowest priority) to %1111 (high-
est priority). A value of %0000 in an IARB field causes the CPU to process a spurious interrupt
exception when an interrupt from that module is recognized. 

Because the EBI manages external interrupt requests, the SIM IARB value is used for arbitration be-
tween 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. Initialization software must assign different IARB val-
ues in order to implement an arbitration scheme.

Each module must have a unique IARB value. When two or more IARB fields have the same nonzero
value, the CPU interprets multiple vector numbers simultaneously, with unpredictable consequences. 

Arbitration must always take place, even when a single source requests service. This point is important
for two reasons: the CPU interrupt acknowledge cycle is not driven on the external bus unless the SIM
wins contention, and failure to contend causes an interrupt acknowledge bus cycle to be terminated by
a bus error, which causes a spurious interrupt exception to be taken. 

When arbitration is complete, the dominant module must place an interrupt vector number on the data
bus and terminate the bus cycle. In the case of an external interrupt request, because the interrupt ac-
knowledge cycle is transferred to the external bus, an external device must decode the mask value and
respond with a vector number, then generate bus cycle termination signals. If the device does not re-
spond in time, a spurious interrupt exception is taken. 

The periodic interrupt timer (PIT) in the SIM can generate internal interrupt requests of specific priority
at predetermined intervals. By hardware convention, PIT interrupts are serviced before external inter-
rupt service requests of the same priority. Refer to 3.2.7 Periodic Interrupt Timer for more information. 
40 MC68331TS/D
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3.8.2 Interrupt Processing Summary

A summary of the interrupt processing sequence follows. When the sequence begins, a valid interrupt
service request has been detected and is pending.  

A. The CPU finishes higher priority exception processing or reaches an instruction boundary. 
B. Processor state is stacked. The contents of the status register and program counter are saved.
C. The interrupt acknowledge cycle begins:

1. FC[2:0] are driven to %111 (CPU space) encoding. 
2. The address bus is driven as follows. ADDR[23:20] = %1111; ADDR[19:16] = %1111,

which indicates that the cycle is an interrupt acknowledge CPU space cycle; ADDR[15:4]
= %111111111111; ADDR[3:1] = the level of the interrupt request being acknowledged;
and ADDR0 = %1. 

3. Request priority level is latched into the IP field in the status register from the address bus. 
D. Modules or external peripherals that have requested interrupt service decode the request level

in ADDR[3:1]. If the request level of at least one interrupting module or device is the same as
the value in ADDR[3:1], interrupt arbitration contention takes place. When there is no conten-
tion, the spurious interrupt monitor asserts BERR, and a spurious interrupt exception is pro-
cessed. 

E. After arbitration, the interrupt acknowledge cycle can be completed in one of three ways:
1. The dominant interrupt source supplies a vector number and DSACK signals appropriate

to the access. The CPU32 acquires the vector number. 
2. The AVEC signal is asserted (the signal can be asserted by the dominant interrupt source

or the pin can be tied low), and the CPU32 generates an autovector number corresponding
to interrupt priority. 

3. The bus monitor asserts BERR and the CPU32 generates the spurious interrupt vector
number. 

F. The vector number is converted to a vector address. 
G. The content of the vector address is loaded into the PC, and the processor transfers control to

the exception handler routine. 

3.9 Factory Test Block

The test submodule supports scan-based testing of the various MCU modules. It is integrated into the
SIM to support production testing.

Test submodule registers are intended for Motorola use. Register names and addresses are provided
to indicate that these addresses are occupied.

SIMTR — System Integration Module Test Register $YFFA02

SIMTRE — System Integration Module Test Register (E Clock) $YFFA08

TSTMSRA — Master Shift Register A $YFFA30

TSTMSRB — Master Shift Register B $YFFA32

TSTSC — Test Module Shift Count $YFFA34

TSTRC — Test Module Repetition Count $YFFA36

CREG — Test Module Control Register $YFFA38

DREG — Test Module Distributed Register $YFFA3A
MC68331TS/D 41
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31 16 15 8 7 0

D0

D1

D2

D3 Data Registers

D4

D5

D6

D7

31 16 15 0

A0

A1

A2

A3 Address Registers

A4

A5

A6

31 16 15 0

A7 (USP) User Stack Pointer

31 0

PC Program Counter

7 0

CCR Condition Code Register

Figure 10 User Programming Model

31 16 15 0

A7' (SSP) Supervisor Stack Pointer

15 8 7 0

(CCR) SR Status Register

31 0

VBR Vector Base Register

2 0

SFC Alternate Function

DFC Code Registers

Figure 11 Supervisor Programming Model Supplement
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4.6 Instruction Set Summary

Table 20 Instruction Set Summary  

Instruction Syntax Operand Size Operation

ABCD Dn, Dn
− (An), − (An)

8
8

Source10 + Destination10 + X ⇒  Destination

ADD Dn, <ea>
<ea>, Dn

8, 16, 32
8, 16, 32

Source + Destination ⇒  Destination

ADDA <ea>, An 16, 32 Source + Destination ⇒  Destination

ADDI #<data>, <ea> 8, 16, 32 Immediate data + Destination ⇒  Destination

ADDQ # <data>, <ea> 8, 16, 32 Immediate data + Destination ⇒  Destination

ADDX Dn, Dn
− (An), − (An)

8, 16, 32
8, 16, 32

Source + Destination + X ⇒  Destination

AND <ea>, Dn
Dn, <ea>

8, 16, 32
8, 16, 32

Source • Destination ⇒  Destination

ANDI # <data>, <ea> 8, 16, 32 Data • Destination ⇒  Destination

ANDI to CCR # <data>, CCR 8 Source • CCR ⇒  CCR

ANDI to SR11 # <data>, SR 16 Source • SR ⇒  SR

ASL Dn, Dn
# <data>, Dn

<ea>

8, 16, 32
8, 16, 32

16

ASR Dn, Dn
# <data>, Dn

<ea>

8, 16, 32
8, 16, 32

16

 

Bcc label 8, 16, 32 If condition true, then PC + d ⇒  PC

BCHG Dn, <ea>
# <data>, <ea>

8, 32
8, 32

BCLR Dn, <ea>
# <data>, <ea>

8, 32
8, 32

0 ⇒  bit of destination

BGND none none If background mode enabled, then enter background 
mode, else format/vector ⇒ −  (SSP);
PC ⇒  − (SSP); SR ⇒  − (SSP); (vector) ⇒  PC

BKPT # <data> none If breakpoint cycle acknowledged, then execute 
returned operation word, else trap as illegal instruction

BRA label 8, 16, 32 PC + d ⇒  PC

BSET Dn, <ea>
# <data>, <ea>

8, 32
8, 32

1 ⇒  bit of destination

BSR label 8, 16, 32 SP − 4 ⇒  SP; PC ⇒ (SP); PC + d ⇒  PC

BTST Dn, <ea>
# <data>, <ea>

8, 32
8, 32

CHK <ea>, Dn 16, 32 If Dn < 0 or Dn > (ea), then CHK exception

CHK2 <ea>, Rn 8, 16, 32 If Rn < lower bound or Rn > upper bound, then 
CHK exception

CLR <ea> 8, 16, 32 0 ⇒  Destination

CMP <ea>, Dn 8, 16, 32 (Destination − Source), CCR shows results

CMPA <ea>, An 16, 32 (Destination − Source), CCR shows results

CMPI # <data>, <ea> 8, 16, 32 (Destination − Data), CCR shows results

X/C 0

X/C

bit number〉 of destination) Z bit of destinatio⇒ ⇒

bit number〈 〉 of destination( )
Z

bit number〈 〉 of destination( ) Z;⇒

bit number〈 〉 of destination( ) Z⇒
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CMPM (An) +, (An) + 8, 16, 32 (Destination − Source), CCR shows results

CMP2 <ea>, Rn 8, 16, 32 Lower bound ≤ Rn ≤ Upper bound, CCR shows result

DBcc Dn, label 16 If condition false, then Dn − 1 ⇒  PC;
if Dn ≠ (− 1), then PC + d ⇒  PC

DIVS/DIVU <ea>, Dn 32/16 ⇒  16 : 16 Destination / Source ⇒  Destination 
(signed or unsigned)

DIVSL/DIVUL <ea>, Dr : Dq
<ea>, Dq

<ea>, Dr : Dq

64/32 ⇒  32 : 32
32/32 ⇒  32 

32/32 ⇒  32 : 32

Destination / Source ⇒  Destination 
(signed or unsigned)

EOR Dn, <ea> 8, 16, 32 Source ⊕  Destination ⇒  Destination

EORI # <data>, <ea> 8, 16, 32 Data ⊕  Destination ⇒  Destination

EORI to CCR # <data>, CCR 8 Source ⊕  CCR ⇒  CCR

EORI to SR1 # <data>, SR 16 Source ⊕  SR ⇒  SR

EXG Rn, Rn 32 Rn ⇒  Rn

EXT Dn
Dn

8 ⇒  16
16 ⇒  32

Sign extended Destination ⇒  Destination

EXTB Dn 8 ⇒  32 Sign extended Destination ⇒  Destination

ILLEGAL none none SSP − 2 ⇒  SSP; vector offset ⇒  (SSP);
SSP − 4 ⇒  SSP; PC ⇒  (SSP);
SSP − 2 ⇒  SSP; SR ⇒  (SSP);
Illegal instruction vector address ⇒  PC

JMP <ea> none Destination ⇒  PC

JSR <ea> none SP − 4 ⇒  SP; PC ⇒  (SP); destination ⇒  PC

LEA <ea>, An 32 <ea> ⇒  An

LINK An, # d 16, 32 SP − 4 ⇒  SP, An ⇒  (SP); SP ⇒  An, SP + d ⇒  SP

LPSTOP1 # <data> 16 Data ⇒  SR; interrupt mask ⇒  EBI; STOP

LSL Dn, Dn
# <data>, Dn

<ea>

8, 16, 32
8, 16, 32

16  

LSR Dn, Dn
#<data>, Dn

<ea>

8, 16, 32
8, 16, 32

16  

MOVE <ea>, <ea> 8, 16, 32 Source ⇒  Destination

MOVEA <ea>, An 16, 32 ⇒  32 Source ⇒  Destination

MOVEA1 USP, An
An, USP

32
32

USP ⇒  An
An ⇒  USP

MOVE from CCR CCR, <ea> 16 CCR ⇒  Destination

MOVE to CCR <ea>, CCR 16 Source ⇒  CCR

MOVE from SR1 SR, <ea> 16 SR ⇒  Destination

MOVE to SR1 <ea>, SR 16 Source ⇒  SR

MOVE USP1 USP, An
An, USP

32
32

USP ⇒  An
An ⇒  USP

MOVEC1 Rc, Rn
Rn, Rc

32
32

Rc ⇒  Rn
Rn ⇒  Rc

MOVEM list, <ea>
<ea>, list

16, 32
16, 32 ⇒  32

Listed registers ⇒  Destination
Source ⇒  Listed registers

Table 20 Instruction Set Summary (Continued)

Instruction Syntax Operand Size Operation

X/C 0

X/C0
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MOVEP Dn, (d16, An)

(d16, An), Dn

16, 32 Dn [31 : 24] ⇒  (An + d); Dn [23 : 16] ⇒  (An + d + 2);
Dn [15 : 8] ⇒  (An + d + 4); Dn [7 : 0] ⇒  (An + d + 6)

(An + d) ⇒  Dn [31 : 24]; (An + d + 2) ⇒  Dn [23 : 16]; 
(An + d + 4) ⇒  Dn [15 : 8]; (An + d + 6) ⇒  Dn [7 : 0]

MOVEQ #<data>, Dn 8 ⇒  32 Immediate data ⇒  Destination

MOVES1 Rn, <ea>
<ea>, Rn

8, 16, 32 Rn ⇒  Destination using DFC
Source using SFC ⇒  Rn

MULS/MULU <ea>, Dn
<ea>, Dl

<ea>, Dh : Dl

16 ∗  16 ⇒  32
32 ∗  32 ⇒  32
32 ∗  32 ⇒  64

Source ∗  Destination ⇒  Destination
(signed or unsigned)

NBCD <ea> 8
8

0 − Destination10 − X ⇒  Destination

NEG <ea> 8, 16, 32 0 − Destination ⇒  Destination

NEGX <ea> 8, 16, 32 0 − Destination − X ⇒  Destination

NOP none none PC + 2 ⇒  PC

NOT <ea> 8, 16, 32 Destination ⇒  Destination

OR <ea>, Dn
Dn, <ea>

8, 16, 32
8, 16, 32

Source + Destination ⇒  Destination

ORI #<data>, <ea> 8, 16, 32 Data + Destination ⇒  Destination

ORI to CCR #<data>, CCR 16 Source + CCR ⇒  SR

ORI to SR1 #<data>, SR 16 Source ; SR ⇒  SR

PEA <ea> 32 SP − 4 ⇒  SP; <ea> ⇒  SP

RESET1 none none Assert RESET line

ROL Dn, Dn
#<data>, Dn

<ea>

8, 16, 32
8, 16, 32

16  

ROR Dn, Dn
#<data>, Dn

<ea>

8, 16, 32
8, 16, 32

16  

ROXL Dn, Dn
#<data>, Dn

<ea>

8, 16, 32
8, 16, 32

16
 

ROXR Dn, Dn
#<data>, Dn

<ea>

8, 16, 32
8, 16, 32

16  

RTD #d 16 (SP) ⇒  PC; SP + 4 + d ⇒  SP

RTE1 none none (SP) ⇒  SR; SP + 2 ⇒  SP; (SP) ⇒  PC;
SP + 4 ⇒  SP;
Restore stack according to format

RTR none none (SP) ⇒  CCR; SP + 2 ⇒  SP; (SP) ⇒  PC; 
SP + 4 ⇒  SP

RTS none none (SP) ⇒  PC; SP + 4 ⇒  SP

SBCD Dn, Dn
− (An), − (An)

8
8

Destination10 − Source10 − X ⇒  Destination

Scc <ea> 8 If condition true, then destination bits are set to 1;
else, destination bits are cleared to 0

STOP1 #<data> 16 Data ⇒  SR; STOP

Table 20 Instruction Set Summary (Continued)

Instruction Syntax Operand Size Operation

C

C

C X

CX
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Y = M111, where M is the logic state of the module mapping (MM) bit in the SIMCR

5.2 Pin Function

The following table is a summary of the functions of the QSM pins when they are not configured for gen-
eral-purpose I/O. The QSM data direction register (DDRQS) designates each pin except RXD as an in-
put or output.

Table 22 QSM Address Map

Access Address 15 8 7 0
S $YFFC00 QSM MODULE CONFIGURATION (QSMCR)
S $YFFC02 QSM TEST (QTEST)
S $YFFC04 QSM INTERRUPT LEVEL (QILR) QSM INTERRUPT VECTOR (QIVR)

S/U $YFFC06 NOT USED
S/U $YFFC08 SCI CONTROL 0 (SCCR0)
S/U $YFFC0A SCI CONTROL 1 (SCCR1)
S/U $YFFC0C SCI STATUS (SCSR)
S/U $YFFC0E SCI DATA (SCDR)
S/U $YFFC10 NOT USED
S/U $YFFC12 NOT USED
S/U $YFFC14 NOT USED PQS DATA (PORTQS)
S/U $YFFC16 PQS PIN ASSIGNMENT (PQSPAR) PQS DATA DIRECTION (DDRQS)
S/U $YFFC18 SPI CONTROL 0 (SPCR0)
S/U $YFFC1A SPI CONTROL 1 (SPCR1)
S/U $YFFC1C SPI CONTROL 2 (SPCR2)
S/U $YFFC1E SPI CONTROL 3 (SPCR3) SPI STATUS (SPSR)
S/U $YFFC20–

$YFFCFF
NOT USED

S/U $YFFD00–
$YFFD1F

RECEIVE RAM (RR[0:F])

S/U $YFFD20–
$YFFD3F

TRANSMIT RAM (TR[0:F])

S/U $YFFD40–
$YFFD4F

COMMAND RAM (CR[0:F])

Pin Mode Pin Function
MISO Master Serial Data Input to QSPI

QSPI Pins Slave Serial Data Output from QSPI
MOSI Master Serial Data Output from QSPI

Slave Serial Data Input to QSPI
SCK Master Clock Output from QSPI

Slave Clock Input to QSPI
PCS0/SSMaster Input: Assertion Causes Mode Fault 

Output: Selects Peripherals
Slave Input: Selects the QSPI

PCS[3:1] Master Output: Selects Peripherals
Slave None 

SCI Pins TXD Transmit Serial Data Output from SCI 
RXD Receive Serial Data Input to SCI
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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. 

NOTES:
1. PQS2 is a digital I/O pin unless the SPI is enabled (SPE in SPCR1 set), in which case it becomes SPI serial

clock SCK.
2. PQS7 is a digital I/O pin unless the SCI transmitter is enabled (TE in SCCR1 = 1), in which case it becomes

SCI serial output TXD. 

DDRQS determines 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.

5.4 QSPI Submodule

The QSPI submodule communicates with external devices through a synchronous serial bus. The QSPI
is fully compatible with the serial peripheral interface (SPI) systems found on other Motorola products.
A block diagram of the QSPI is shown below. 

Table 24 Effect of DDRQS on QSM Pin Function

QSM Pin Mode DDRQS 
Bit

Bit 
State

Pin Function

MISO Master DDQ0 0 Serial Data Input to QSPI
1 Disables Data Input

Slave 0 Disables Data Output
1 Serial Data Output from QSPI

MOSI Master DDQ1 0 Disables Data Output
1 Serial Data Output from QSPI

Slave 0 Serial Data Input to QSPI
1 Disables Data Input

SCK1 Master DDQ2 0 Disables Clock Output

1 Clock Output from QSPI
Slave 0 Clock Input to QSPI

1 Disables Clock Input
PCS0/SS Master DDQ3 0 Assertion Causes Mode Fault

1 Chip-Select Output
Slave 0 QSPI Slave Select Input

1 Disables Select Input
PCS[3:1] Master DDQ[4:6

]
0 Disables Chip-Select Output

1 Chip-Select Output
Slave 0 Inactive

1 Inactive

TXD2 Transmit DDQ7 X Serial Data Output from SCI 

RXD Receive None NA Serial Data Input to SCI
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Figure 13 QSPI Block Diagram

5.4.1 QSPI Pins

Seven pins are associated with the QSPI. When not needed for a QSPI application, they can be con-
figured as general-purpose I/O pins. The PCS0/SS pin can function as a peripheral chip select output,
slave select input, or general-purpose I/O. Refer to the following table for QSPI input and output pins
and their functions. 

QSPI BLOCK

CONTROL
REGISTERS

END QUEUE
POINTER

QUEUE
POINTER

STATUS 
REGISTER

DELAY
COUNTER

COMPARATOR

PROGRAMMABLE
LOGIC ARRAY

80-BYTE
QSPI RAM

  CHIP SELECT

COMMAND

DONE

4

4

2

BAUD RATE
GENERATOR

PCS[2:1]

PCS0/SS

MISO

MOSI

SCK

M
S

M
S

8/16-BIT SHIFT REGISTER

Rx/Tx DATA REGISTER

MSB LSB

4

4

QUEUE CONTROL
BLOCK

CONTROL
LOGIC

A
D
D
R
E
S
S
 
R
E
G
I
S
T
E
R
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SPCR2 contains QSPI configuration parameters. The CPU can read and write this register; the QSM
has read access only. Writes to SPCR2 are buffered. A write to SPCR2 that changes a bit value while
the QSPI is operating is ineffective on the current serial transfer, but becomes effective on the next se-
rial transfer. Reads of SPCR2 return the current value of the register, not of the buffer. 

SPIFIE — SPI Finished Interrupt Enable
0 = QSPI interrupts disabled
1 = QSPI interrupts enabled

SPIFIE enables the QSPI to generate a CPU interrupt upon assertion of the status flag SPIF. 

WREN — Wrap Enable
0 = Wraparound mode disabled
1 = Wraparound mode enabled

WREN enables or disables wraparound mode. 

WRTO — Wrap To
When wraparound mode is enabled, after the end of queue has been reached, WRTO determines
which address the QSPI executes. 

Bit 12 — Not Implemented

ENDQP — Ending Queue Pointer
This field contains the last QSPI queue address. 

Bits [7:4] — Not Implemented

NEWQP — New Queue Pointer Value
This field contains the first QSPI queue address. 

SPCR3 contains QSPI configuration parameters. The CPU can read and write SPCR3, but the QSM
has read-only access.

Bits [15:11] — Not Implemented

LOOPQ — QSPI Loop Mode
0 = Feedback path disabled
1 = Feedback path enabled

LOOPQ controls feedback on the data serializer for testing. 

HMIE — HALTA and MODF Interrupt Enable
0 = HALTA and MODF interrupts disabled
1 = HALTA and MODF interrupts enabled

HMIE controls CPU interrupts caused by the HALTA status flag or the MODF status flag in SPSR. 

SPCR2 — QSPI Control Register 2 $YFFC1C

15 14 13 12 11 8 7 6 5 4 3 0

SPIFIE WREN WRTO 0 ENDQP 0 0 0 0 NEWQP

RESET:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SPCR3 — QSPI Control Register 3 $YFFC1E

15 14 13 12 11 10 9 8 7 0

0 0 0 0 0 LOOPQ HMIE HALT SPSR

RESET:

0 0 0 0 0 0 0 0
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*A rate of 64 baud is not available with a 20.97-MHz system clock. To achieve this rate, the SYNCR can be pro-
grammed to generate a lower system clock rate.

SCCR1 contains SCI configuration parameters. The CPU can read and write this register at any time.
The SCI can modify RWU in some circumstances. In general, interrupts enabled by these control bits
are cleared by reading SCSR, then reading (receiver status bits) or writing (transmitter status bits)
SCDR. 

Bit 15 — Not Implemented

LOOPS — Loop Mode
0 = Normal SCI operation, no looping, feedback path disabled
1 = Test SCI operation, looping, feedback path enabled

LOOPS controls a feedback path on the data serial shifter. When loop mode is enabled, SCI transmitter
output is fed back into the receive serial shifter. TXD is asserted (idle line). Both transmitter and receiver
must be enabled before entering loop mode.

WOMS — Wired-OR Mode for SCI Pins
0 = If configured as an output, TXD is a normal CMOS output.
1 = If configured as an output, TXD is an open-drain output.

WOMS determines whether the TXD pin is an open-drain output or a normal CMOS output. This bit is
used only when TXD is an output. If TXD is used as a general-purpose input pin, WOMS has no effect.

ILT — Idle-Line Detect Type
0 = Short idle-line detect (start count on first one)
1 = Long idle-line detect (start count on first one after stop bit(s))

Table 25 SCI Baud Rates

Nominal Baud Rate Actual Rate with 
16.78-MHz Clock

SCBR Value Actual Rate with 
20.97-MHz Clock

SCBR Value

64* 64.0 $1FFF — —
110 110.0 $129E 110.0 $1745
300 299.9 $06D4 300.1 $0888
600 599.9 $036A 600.1 $0444

1200 1199.7 $0165 1200.3 $0222
2400 2405.0 $00DA 2400.6 $0111
4800 4810.0 $006D 4783.6 $0089
9600 9532.5 $0037 9637.6 $0044
19200 19418.1 $0016 19275.3 $0022
38400 37449.1 $000E 38550.6 $0011
76800 74898.3 $0007 72817.8 $0009

Maximum Rate 524288.0 $0001 655360.0 $0001

SCCR1 — SCI Control Register 1 $YFFC0A

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 SCBR

RESET:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Y = M111, where M is the logic state of the modmap (MM) bit in SIMCR.

6.2 Capture/Compare Unit

The capture/compare unit features three input capture channels, four output compare channels, and
one input capture/output compare channel (function selected by control register). These channels share
a 16-bit free-running counter (TCNT), which derives its clock from seven stages of a 9-stage prescaler
or from external clock input PCLK. This section, which is similar to the timer found on the MC68HC11F1,
also contains one pulse accumulator channel. The pulse accumulator logic includes its own 8-bit
counter and can operate in either event counting mode or gated time accumulation mode. Refer to the
following block diagrams of the GPT timer and prescaler. 

Table 26 GPT Address Map

Access Address 15 8 7 0
S $YFF900 GPT MODULE CONFIGURATION (GPTMCR)
S $YFF902 (RESERVED FOR TEST)
S $YFF904 INTERRUPT CONFIGURATION (ICR)
U $YFF906 PGP DATA DIRECTION (DDRGP) PGP DATA (PORTGP)
U $YFF908 OC1 ACTION MASK (OC1M) OC1 ACTION DATA (OC1D)
U $YFF90A TIMER COUNTER (TCNT)
U $YFF90C PA CONTROL (PACTL) PA COUNTER (PACNT)
U $YFF90E INPUT CAPTURE 1 (TIC1)
U $YFF910 INPUT CAPTURE 2 (TIC2)
U $YFF912 INPUT CAPTURE 3 (TIC3)
U $YFF914 OUTPUT COMPARE 1 (TOC1)
U $YFF916 OUTPUT COMPARE 2 (TOC2)
U $YFF918 OUTPUT COMPARE 3 (TOC3)
U $YFF91A OUTPUT COMPARE 4 (TOC4)
U $YFF91C INPUT CAPTURE 4/OUTPUT COMPARE 5 (TI4/O5)
U $YFF91E TIMER CONTROL 1 (TCTL1) TIMER CONTROL 2 (TCTL2)
U $YFF920 TIMER MASK 1 (TMSK1) TIMER MASK 2 (TMSK2)
U $YFF922 TIMER FLAG 1 (TFLG1) TIMER FLAG 2 (TFLG2)
U $YFF924 FORCE COMPARE (CFORC) PWM CONTROL C (PWMC)
U $YFF926 PWM CONTROL A (PWMA) PWM CONTROL B (PWMB) 
U $YFF928 PWM COUNT (PWMCNT)
U $YFF92A PWMA BUFFER (PWMBUFA) PWMB BUFFER (PWMBUFB)
U $YFF92C GPT PRESCALER (PRESCL)

$YFF92E–
$YFF93F

NOT USED
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Figure 17 Prescaler Block Diagram

GPT PRE BLOCK

CPR2 CPR1 CPR0
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TIMER
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÷6
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÷3
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÷1
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÷512
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PWM UNIT
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÷8

÷16
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÷64
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F1B — Force Logic Level One on PWMB
0 = Force logic level zero output on PWMB pin
1 = Force logic level one output on PWMB pin

PWMA/PWMB — PWM Control Registers A/B $YFF926, $YFF927

These registers are associated with the pulse-width value of the PWM output on the corresponding
PWM pin. A value of $00 loaded into one of these registers results in a continuously low output on the
corresponding pin. A value of $80 results in a 50% duty cycle output. Maximum value ($FF) selects an
output that is high for 255/256 of the period. 

PWMCNT — PWM Count Register $YFF928

PWMCNT is the 16-bit free-running counter associated with the PWM functions of the GPT module.

PWMBUFA/B — PWM Buffer Registers A/B $YFF92A, $YFF92B

These read-only registers contain values associated with the duty cycles of the corresponding PWM.
Reset state is $0000.

PRESCL — GPT Prescaler $YFF92C

The 9-bit prescaler value can be read from bits [8:0] at this address. Bits [15:9] always read as zeros.
Reset state is $0000.
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For More Information On This Product,
  Go to: www.freescale.com


