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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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1.1 Features
• Central Processing Unit (CPU32)

— 32-Bit Architecture
— Virtual Memory Implementation
— Table Lookup and Interpolate Instruction
— Improved Exception Handling for Controller Applications
— High-Level Language Support
— Background Debugging Mode
— Fully Static Operation 

• 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

• Time Processor Unit (TPU)
— Dedicated Microengine Operating Independently of CPU32
— 16 Independent, Programmable Channels and Pins
— Any Channel can Perform any Time Function
— Two Timer Count Registers with Programmable Prescalers
— Selectable Channel Priority Levels

• Queued Serial Module (QSM)
— Enhanced Serial Communication Interface
— Queued Serial Peripheral Interface
— One 8-Bit Dual Function Port

• Static RAM Module with TPU Emulation Capability (TPURAM)
— 2-Kbytes of Static RAM
— May be Used as Normal RAM or TPU Microcode Emulation RAM
MC68332 MOTOROLA
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1.2 Block Diagram

Figure 1 MCU Block Diagram
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Quotient Out QUOT Provides the quotient bit of the polynomial divider 

Reset RESET System reset

Read-Modify-Write Cycle RMC Indicates an indivisible read-modify-write instruction

Read/Write R/W Indicates the direction of data transfer on the bus

SCI Receive Data RXD Serial input to the SCI

QSPI Serial Clock SCK Clock output from QSPI in master mode; 
clock input to QSPI in slave mode

Size SIZ[1:0] Indicates the number of bytes to be transferred during a bus cycle

Slave Select SS Causes serial transmission when QSPI is in slave mode;
causes mode fault in master mode

TCR2 Clock T2CLK External clock source for TCR2 counter

TPU Channel Pins TPUCH[15:0] Bidirectional pins associated with TPU channels

Three-State Control TSC Places all output drivers in a high-impedance state

SCI Transmit Data TXD Serial output from the SCI

External Filter Capacitor XFC Connection for external phase-locked loop filter capacitor

Table 6 MCU Signal Function (Continued)

Signal Name Mnemonic Function
 MOTOROLA MC68332
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3 System Integration Module
The MCU system integration module (SIM) consists of five functional blocks that control system start-
up, initialization, configuration, and external bus.

Figure 5 SIM Block Diagram

3.1 Overview

The system configuration and protection block controls MCU configuration and operating mode. The
block also provides bus and software watchdog monitors.

The system clock generates clock signals used by the SIM, other IMB modules, and external devices.
In addition, a periodic interrupt generator supports execution of time-critical control routines.

The external bus interface handles the transfer of information between IMB modules and external ad-
dress space.

The chip-select block provides eleven general-purpose chip-select signals and a boot ROM chip select
signal. Both general-purpose and boot ROM chip-select signals have associated base address regis-
ters and option registers.

The system test block incorporates hardware necessary for testing the MCU. It is used to perform fac-
tory tests, and its use in normal applications is not supported.

The SIM control register address map occupies 128 bytes. Unused registers within the 128-byte ad-
dress space return zeros when read. The “Access” column in the SIM address map below indicates
which registers are accessible only at the supervisor privilege level and which can be assigned to either
the supervisor or user privilege level, according to the value of the SUPV bit in the SIMCR.
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Y = M111, where M is the logic state of the module mapping (MM) bit in the SIMCR.

3.2 System Configuration and Protection 

This functional block provides configuration control for the entire MCU. It also performs interrupt arbi-
tration, bus monitoring, and system test functions. MCU system protection includes a bus monitor, a
HALT monitor, a spurious interrupt monitor, and a software watchdog timer. These functions have been
made integral to the microcontroller to reduce the number of external components in a complete control
system. 

S $YFFA56 CHIP-SELECT OPTION 2 (CSOR2)

S $YFFA58 CHIP-SELECT BASE 3 (CSBAR3)

S $YFFA5A CHIP-SELECT OPTION 3 (CSOR3)

S $YFFA5C CHIP-SELECT BASE 4 (CSBAR4)

S $YFFA5E CHIP-SELECT OPTION 4 (CSOR4)

S $YFFA60 CHIP-SELECT BASE 5 (CSBAR5)

S $YFFA62 CHIP-SELECT OPTION 5 (CSOR5)

S $YFFA64 CHIP-SELECT BASE 6 (CSBAR6)

S $YFFA66 CHIP-SELECT OPTION 6 (CSOR6)

S $YFFA68 CHIP-SELECT BASE 7 (CSBAR7)

S $YFFA6A CHIP-SELECT OPTION 7 (CSOR7)

S $YFFA6C CHIP-SELECT BASE 8 (CSBAR8)

S $YFFA6E CHIP-SELECT OPTION 8 (CSOR8)

S $YFFA70 CHIP-SELECT BASE 9 (CSBAR9)

S $YFFA72 CHIP-SELECT OPTION 9 (CSOR9)

S $YFFA74 CHIP-SELECT BASE 10 (CSBAR10)

S $YFFA76 CHIP-SELECT OPTION 10 (CSOR10)

$YFFA78 NOT USED NOT USED

$YFFA7A NOT USED NOT USED

$YFFA7C NOT USED NOT USED

$YFFA7E NOT USED NOT USED

Table 7 SIM Address Map (Continued)

Access Address 15 8 7 0
MC68332 MOTOROLA
MC68332TS/D 17
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3.2.2 System Protection Control Register

The system protection control register controls system monitor functions, software watchdog clock
prescaling, and bus monitor timing. This register can be written only once following power-on or reset,
but can be read at any time.

SWE — Software Watchdog Enable
0 = Software watchdog disabled
1 = Software watchdog enabled

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.

SYPCR —System Protection Control Register $YFFA21

15 8 7 6 5 4 3 2 1 0

NOT USED SWE SWP SWT HME BME BMT

RESET:

1 MODCLK 0 0 0 0 0 0

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
 MOTOROLA MC68332
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3.3 System Clock 

The system clock in the SIM provides timing signals for the IMB modules and for an external peripheral
bus. Because MCU operation is fully static, register and memory contents are not affected when the
clock rate changes. System hardware and software support changes in the clock rate during operation.

The system clock signal can be generated in three ways. An internal phase-locked loop can synthesize
the clock from an internal or external frequency source, or the clock signal can be input from an external
source.

Following is a block diagram of the clock submodule.

Figure 7 System Clock Block Diagram

3.3.1 Clock Sources

The state of the clock mode (MODCLK) pin during reset determines the clock source. When MODCLK
is held high during reset, the clock synthesizer generates a clock signal from either a crystal oscillator
or an external reference input. Clock synthesizer control register SYNCR determines operating frequen-
cy and various modes of operation. When MODCLK is held low during reset, the clock synthesizer is
disabled, and an external system clock signal must be applied. When the synthesizer is disabled, SYN-
CR control bits have no effect. 

A reference crystal must be connected between the EXTAL and XTAL pins to use the internal oscillator.
Use of a 32.768-kHz crystal is recommended. These crystals are inexpensive and readily available. If
an external reference signal or an external system clock signal is applied through the EXTAL pin, the
XTAL pin must be left floating. External reference signal frequency must be less than or equal to max-
imum specified reference frequency. External system clock signal frequency must be less than or equal
to maximum specified system clock frequency. 
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CSPAR1 contains five 2-bit fields that determine the functions of corresponding chip-select pins.
CSPAR1[15:10] are not used. These bits always read zero; writes have no effect. 

At reset, either the alternate function (01) or chip-select function (11) can be encoded. DATA pins are
driven to logic level one by a weak interval pull-up during reset. Encoding is for chip-select function un-
less a data line is held low during reset. Note that bus loading can overcome the weak pull-up and hold
pins low during reset. The following table shows the hierarchical selection method that determines the
reset functions of pins controlled by CSPAR1.

A pin programmed as a discrete output drives an external signal to the value specified in the port C
pin data register (PORTC), with the following exceptions:  

1. No discrete output function is available on pins BR, BG, or BGACK. 
2. ADDR23 provides E-clock output rather than a discrete output signal.

When a pin is programmed for discrete output or alternate function, internal chip-select logic still func-
tions and can be used to generate DSACK or AVEC internally on an address match.

Port size is determined when a pin is assigned as a chip select. When a pin is assigned to an 8-bit port,
the chip select is asserted at all addresses within the block range. If a pin is assigned to a 16-bit port,
the upper/lower byte field of the option register selects the byte with which the chip select is associated.

CSPAR1 —Chip Select Pin Assignment Register 1 $YFFA46

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

0 0 0 0 0 0 CSPA1[4] CSPA1[3] CSPA1[2] CSPA1[1] CSPA1[0]

RESET:

0 0 0 0 0 0 DATA7 1 DATA
[7:6]

1 DATA
[7:5]

1 DATA
[7:4]

1 DATA
[7:3]

1

Table 14 CSPAR1 Pin Assignments

CSPAR0 Field Chip Select Signal Alternate Signal Discrete Output

CSPA1[4] CS10 ADDR23 ECLK

CSPA1[3] CS9 ADDR22 PC6

CSPA1[2] CS8 ADDR21 PC5

CSPA1[1] CS7 ADDR20 PC4

CSPA1[0] CS6 ADDR19 PC3

Table 15 Reset Pin Function of CS[10:6]

Data Bus Pins at Reset Chip-Select/Address Bus Pin Function

DATA7 DATA6 DATA5 DATA4 DATA3 CS10/
ADDR23

CS9/
ADDR22

CS8/
ADDR21

CS7/
ADDR20

CS6/
ADDR19

1 1 1 1 1 CS10 CS9 CS8 CS7 CS6

1 1 1 1 0 CS10 CS9 CS8 CS7 ADDR19

1 1 1 0 X CS10 CS9 CS8 ADDR20 ADDR19

1 1 0 X X CS10 CS9 ADDR21 ADDR20 ADDR19

1 0 X X X CS10 ADDR22 ADDR21 ADDR20 ADDR19

0 X X X X ADDR23 ADDR22 ADDR21 ADDR20 ADDR19
 MOTOROLA MC68332
32 MC68332TS/D
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4 Central Processor Unit
Based on the powerful MC68020, the CPU32 processing module provides enhanced system perfor-
mance and also uses the extensive software base for the Motorola M68000 family.

4.1 Overview

The CPU32 is fully object code compatible with the M68000 Family, which excels at processing calcu-
lation-intensive algorithms and supporting high-level languages. The CPU32 supports all of the
MC68010 and most of the MC68020 enhancements, such as virtual memory support, loop mode oper-
ation, instruction pipeline, and 32-bit mathematical operations. Powerful addressing modes provide
compatibility with existing software programs and increase the efficiency of high-level language compil-
ers. Special instructions, such as table lookup and interpolate and low-power stop, support the specific
requirements of controller applications. Also included is the background debugging mode, an alternate
operating mode that suspends normal operation and allows the CPU to accept debugging commands
from the development system.

Ease of programming is an important consideration in using a microcontroller. The CPU32 instruction
set is optimized for high performance. The eight 32-bit general-purpose data registers readily support
8-bit (byte), 16-bit (word), and 32-bit (long word) operations. Ease of program checking and diagnosis
is further enhanced by trace and trap capabilities at the instruction level.

Use of high-level languages is increasing as controller applications become more complex and control
programs become larger. High-level languages aid rapid development of software, with less error, and
are readily portable. The CPU32 instruction set supports high-level languages.

4.2 Programming Model

The CPU32 has sixteen 32-bit general registers, a 32-bit program counter, one 32-bit supervisor stack
pointer, a 16-bit status register, two alternate function code registers, and a 32-bit vector base register.

The programming model of the CPU32 consists of a user model and supervisor model, corresponding
to the user and supervisor privilege levels. Some instructions available at the supervisor level are not
available at the user level, allowing the supervisor to protect system resources from uncontrolled ac-
cess. Bit S in the status register determines the privilege level.

The user programming model remains unchanged from previous M68000 Family microprocessors. Ap-
plication software written to run at the non-privileged user level migrates without modification to the
CPU32 from any M68000 platform. The move from SR instruction, however, is privileged in the CPU32.
It is not privileged in the M68000.
 MOTOROLA MC68332
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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
MC68332 MOTOROLA
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5.2.3 Queued Output Match (QOM)

QOM can generate single or multiple output match events from a table of offsets in parameter RAM.
Loop modes allow complex pulse trains to be generated once, a specified number of times, or continu-
ously. The function can be triggered by a link from another TPU channel. In addition, the reference time
for the sequence of matches can be obtained from another channel. QOM can generate pulse-width
modulated waveforms, including waveforms with high times of 0% or 100%. QOM also allows a TPU
channel to be used as a discrete output pin. 

5.2.4 Programmable Time Accumulator (PTA)

PTA accumulates a 32-bit sum of the total high time, low time, or period of an input signal over a pro-
grammable number of periods or pulses. The accumulation can start on a rising or falling edge. After
the specified number of periods or pulses, the PTA generates an interrupt request and optionally gen-
erates links to other channels.

From 1 to 255 period measurements can be made and summed with the previous measurement(s) be-
fore the TPU interrupts the CPU, providing instantaneous or average frequency measurement capabil-
ity, and the latest complete accumulation (over the programmed number of periods).

5.2.5 Multichannel Pulse Width Modulation (MCPWM)

MCPWM generates pulse-width modulated outputs with full 0% to 100% duty cycle range independent
of other TPU activity. This capability requires two TPU channels plus an external gate for one PWM
channel. (A simple one-channel PWM capability is supported by the QOM function.) 

Multiple PWMs generated by MCPWM have two types of high time alignment: edge aligned and center
aligned. Edge aligned mode uses n + 1 TPU channels for n PWMs; center aligned mode uses 2n + 1
channels. Center aligned mode allows a user defined ‘dead time’ to be specified so that two PWMs can
be used to drive an H-bridge without destructive current spikes. This feature is important for motor con-
trol applications.

5.2.6 Fast Quadrature Decode (FQD)

FQD is a position feedback function for motor control. It decodes the two signals from a slotted encoder
to provide the CPU with a 16-bit free running position counter. FQD incorporates a “speed switch” which
disables one of the channels at high speed, allowing faster signals to be decoded. A time stamp is pro-
vided on every counter update to allow position interpolation and better velocity determination at low
speed or when low resolution encoders are used. The third index channel provided by some encoders
is handled by the ICTC function.

5.2.7 Universal Asynchronous Receiver/Transmitter (UART)

The UART function uses one or two TPU channels to provide asynchronous communications. Data
word length is programmable from 1 to 14 bits. The function supports detection or generation of even,
odd, and no parity. Baud rate is freely programmable and can be higher than 100 Kbaud. Eight bidirec-
tional UART channels running in excess of 9600 baud could be implemented on the TPU.

5.2.8 Brushless Motor Commutation (COMM)

This function generates the phase commutation signals for a variety of brushless motors, including
three-phase brushless direct current. It derives the commutation state directly from the position decod-
ed in FQD, thus eliminating the need for hall effect sensors.

The state sequence is implemented as a user-configurable state machine, thus providing a flexible ap-
proach with other general applications. A CPU offset parameter is provided to allow all the switching
angles to be advanced or retarded on the fly by the CPU. This feature is useful for torque maintenance
at high speeds.
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5.4 Parameter RAM

Parameter RAM occupies 256 bytes at the top of the TPU module address map. Channel parameters
are organized as 128 16-bit words. However, only 100 words are actually implemented. The parameter
RAM address map shows how parameter words are organized in memory. 

—= Not Implemented
Y = M111, where M represents the logic state of the MM bit in the SIMCR.

5.5 TPU Registers

The TPU memory map contains three groups of registers:

System Configuration Registers
Channel Control and Status Registers
Development Support and Test Verification Registers

5.5.1 System Configuration Registers

STOP — Stop Bit 
0 = TPU operating normally
1 = Internal clocks shut down

Table 23 TPU Parameter RAM Address Map

Channel Base Parameter Address

Number Address 0 1 2 3 4 5 6 7

0  $YFFFF## 00 02 04 06 08 0A — —

1  $YFFFF## 10 12 14 16 18 1A — —

2  $YFFFF## 20 22 24 26 28 2A — —

3  $YFFFF## 30 32 34 36 38 3A — —

4  $YFFFF## 40 42 44 46 48 4A — —

5 $YFFFF## 50 52 54 56 58 5A — —

6 $YFFFF## 60 62 64 66 68 6A — —

7 $YFFFF## 70 72 74 76 78 7A — —

8 $YFFFF## 80 82 84 86 88 8A — —

9 $YFFFF## 90 92 94 96 98 9A — —

10 $YFFFF## A0 A2 A4 A6 A8 AA — —

11 $YFFFF## B0 B2 B4 B6 B8 BA — —

12 $YFFFF## C0 C2 C4 C6 C8 CA — —

13 $YFFFF## D0 D2 D4 D6 D8 DA — —

14 $YFFFF## E0 E2 E4 E6 E8 EA EC EE

15 $YFFFF## F0 F2 F4 F6 F8 FA FC FE

TPUMCR — TPU Module Configuration Register $YFFE00

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

STOP TCR1P TCR2P EMU T2CG STF SUPV PSCK 0 0 IARB

RESET:

0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
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5.5.3 Development Support and Test Registers

These registers are used for custom microcode development or for factory test. Describing the use of
the registers is beyond the scope of this technical summary. Register names and addresses are given
for reference only. Please refer to the TPU Reference Manual (TPURM/AD) for more information.

DSCR — Development Support Control Register $YFFE04

DSSR — Development Support Status Register $YFFE06

LR — Link Register $YFFE22

SGLR — Service Grant Latch Register $YFFE24

DCNR — Decoded Channel Number Register $YFFE26

TCR — Test Configuration Register $YFFE02

The TCR is used for factory test of the MCU.

CHX[1:0] Service Guaranteed Time Slots
00 Disabled —
01 Low 4 out of 7
10 Middle 2 out of 7
11 High 1 out of 7
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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 be-

comes 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.

Table 26 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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6.5 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. 

Figure 14 QSPI Block Diagram

6.5.1 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
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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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HALT — Halt
0 = Halt not enabled
1 = Halt enabled

When HALT is asserted, the QSPI stops on a queue boundary. It is in a defined state from which it can
later be restarted. 

SPSR contains QSPI status information. Only the QSPI can assert the bits in this register. The CPU
reads this register to obtain status information and writes it to clear status flags. 

SPIF — QSPI Finished Flag
0 = QSPI not finished
1 = QSPI finished

SPIF is set after execution of the command at the address in ENDQP. 

MODF — Mode Fault Flag
0 = Normal operation
1 = Another SPI node requested to become the network SPI master while the QSPI was enabled

in master mode (SS input taken low).
The QSPI asserts MODF when the QSPI is the serial master (MSTR = 1) and the SS input pin is negat-
ed by an external driver. 

HALTA — Halt Acknowledge Flag
0 = QSPI not halted
1 = QSPI halted

HALTA is asserted when the QSPI halts in response to CPU assertion of HALT. 

Bit 4 — Not Implemented

CPTQP — Completed Queue Pointer
CPTQP points to the last command executed. It is updated when the current command is complete.
When the first command in a queue is executing, CPTQP contains either the reset value ($0) or a point-
er to the last command completed in the previous queue.

6.5.3 QSPI RAM

The QSPI contains an 80-byte block of dual-access static RAM that is used by both the QSPI and the
CPU. The RAM is divided into three segments: receive data, transmit data, and command control data.
Receive data is information received from a serial device external to the MCU. Transmit data is infor-
mation stored by the CPU for transmission to an external peripheral. Command control data is used to
perform the transfer. 

Refer to the following illustration of the organization of the RAM. 

SPSR — QSPI Status Register $YFFC1F

15 8 7 6 5 4 3 0

SPCR3 SPIF MODF HALTA 0 CPTQP

RESET:

0 0 0 0 0 0 0 0
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Command RAM is used by the QSPI when in master mode. The CPU writes one byte of control infor-
mation to this segment for each QSPI command to be executed. The QSPI cannot modify information
in command RAM.

Command RAM consists of 16 bytes. Each byte is divided into two fields. The peripheral chip-select
field enables peripherals for transfer. The command control field provides transfer options. 

A maximum of 16 commands can be in the queue. Queue execution by the QSPI proceeds from the
address in NEWQP through the address in ENDQP. (Both of these fields are in SPCR2.)

CONT — Continue
0 = Control of chip selects returned to PORTQS after transfer is complete.
1 = Peripheral chip selects remain asserted after transfer is complete.

BITSE — Bits per Transfer Enable
0 = 8 bits
1 = Number of bits set in BITS field of SPCR0

DT — Delay after Transfer
The QSPI provides a variable delay at the end of serial transfer to facilitate the interface with peripherals
that have a latency requirement. The delay between transfers is determined by the SPCR1 DTL field. 

DSCK — PCS to SCK Delay
0 = PCS valid to SCK transition is one-half SCK.
1 = SPCR1 DSCKL field specifies delay from PCS valid to SCK.

PCS[3:0] — Peripheral Chip Select
Use peripheral chip-select bits to select an external device for serial data transfer. More than one pe-
ripheral chip select can be activated at a time, and more than one peripheral chip can be connected to
each PCS pin, provided that proper fanout is observed. 

SS — Slave Mode Select
Initiates slave mode serial transfer. If SS is taken low when the QSPI is in master mode, a mode fault
will be generated. 

6.5.4 Operating Modes 

The QSPI operates in either master or slave mode. Master mode is used when the MCU originates data
transfers. Slave mode is used when an external device initiates serial transfers to the MCU through the
QSPI. Switching between the modes is controlled by MSTR in SPCR0. Before entering either mode,
appropriate QSM and QSPI registers must be properly initialized.

In master mode, the QSPI executes a queue of commands defined by control bits in each command
RAM queue entry. Chip-select pins are activated, data is transmitted from transmit RAM and received
into receive RAM.

In slave mode, operation proceeds in response to SS pin activation by an external bus master. Opera-
tion is similar to master mode, but no peripheral chip selects are generated, and the number of bits
transferred is controlled in a different manner. When the QSPI is selected, it automatically executes the
next queue transfer to exchange data with the external device correctly. 

Although the QSPI inherently supports multimaster operation, no special arbitration mechanism is pro-
vided. A mode fault flag (MODF) indicates a request for SPI master arbitration. System software must
provide arbitration. Note that unlike previous SPI systems, MSTR is not cleared by a mode fault being
set, nor are the QSPI pin output drivers disabled. The QSPI and associated output drivers must be dis-
abled by clearing SPE in SPCR1.
 MOTOROLA MC68332
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IDLE — Idle-Line Detected Flag
0 = SCI receiver did not detect an idle-line condition.
1 = SCI receiver detected an idle-line condition.

IDLE is disabled when RWU in SCCR1 is set. IDLE is set when the SCI receiver detects the idle-line
condition specified by ILT in SCCR1. If cleared, IDLE will not set again until after RDRF is set. RDRF
is set when a break is received, so that a subsequent idle line can be detected. 

OR — Overrun Error Flag
0 = RDRF is cleared before new data arrives.
1 = RDRF is not cleared before new data arrives.

OR is set when a new byte is ready to be transferred from the receive serial shifter to the RDR, and
RDRF is still set. Data transfer is inhibited until OR is cleared. Previous data in RDR remains valid, but
data received during overrun condition (including the byte that set OR) is lost.

NF — Noise Error Flag
0 = No noise detected on the received data
1 = Noise occurred on the received data

NF is set when the SCI receiver detects noise on a valid start bit, on any data bit, or on a stop bit. It is
not set by noise on the idle line or on invalid start bits. Each bit is sampled three times. If none of the
three samples are the same logic level, the majority value is used for the received data value, and NF
is set. NF is not set until an entire frame is received and RDRF is set. 

FE — Framing Error Flag
0 = No framing error on the received data.
1 = Framing error or break occurred on the received data.

FE is set when the SCI receiver detects a zero where a stop bit was to have occurred. FE is not set until
the entire frame is received and RDRF is set. A break can also cause FE to be set. It is possible to miss
a framing error if RXD happens to be at logic level one at the time the stop bit is expected. 

PF — Parity Error Flag
0 = No parity error on the received data
1 = Parity error occurred on the received data

PF is set when the SCI receiver detects a parity error. PF is not set until the entire frame is received and
RDRF is set. 

SCDR contains two data registers at the same address. Receive data register (RDR) is a read-only reg-
ister that contains data received by the SCI. The data comes into the receive serial shifter and is trans-
ferred to RDR. Transmit data register (TDR) is a write-only register that contains data to be transmitted.
The 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 9-bit operation. When it is configured for 8-bit operation, they have no meaning
or effect. 

SCDR — SCI Data Register $YFFC0E

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

0 0 0 0 0 0 0 R8/T8 R7/T7 R6/T6 R5/T5 R4/T4 R3/T3 R2/T2 R1/T1 R0/T0

RESET:

0 0 0 0 0 0 0 U U U U U U U U U
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7 Standby RAM with TPU Emulation RAM 
The TPURAM module contains a 2-Kbyte array of fast (two bus cycle) static RAM, which is especially
useful for system stacks and variable storage. Alternately, it can be used by the TPU as emulation RAM
for new timer algorithms.

7.1 Overview

The TPURAM can be mapped to any 4-Kbyte boundary in the address map, but must not overlap the
module control registers. (Overlap makes the registers inaccessible.) Data can be read or written in
bytes, word, or long words. TPURAM responds to both program and data space accesses. Data can be
read or written in bytes, words, or long words. The TPURAM is powered by VDD in normal operation.
During power-down, the TPURAM contents are maintained by power on standby voltage pin VSTBY.
Power switching between sources is automatic.

Access to the TPURAM array is controlled by the RASP field in TRAMMCR. This field can be encoded
so that TPURAM responds to both program and data space accesses. This allows code to be executed
from TPURAM, and permits the use of program counter relative addressing mode for operand fetches
from the array.

An address map of the TPURAM control registers follows. All TPURAM control registers are located in
supervisor data space. 

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

7.2 TPURAM Register Block

There are three TPURAM control registers: the RAM module configuration register (TRAMMCR), the
RAM test register (TRAMTST), and the RAM array base address registers (TRAMBAR). 

There is an 8-byte minimum register block size for the module. Unimplemented register addresses are
read as zeros, and writes have no effect.

7.3 TPURAM Registers

TSTOP —Stop Control
0 = RAM array operates normally.
1 = RAM array enters low-power stop mode.

This bit controls whether the RAM array is in stop mode or normal operation. Reset state is zero, for
normal operation. In stop mode, the array retains its contents, but cannot be read or written by the CPU. 

Table 28 TPURAM Control Register Address Map

Access Address 15 8 7 0

S $YFFB00 TPURAM MODULE CONFIGURATION REGISTER (TRAMMCR)

S $YFFB02 TPURAM TEST REGISTER (TRAMTST)

S $YFFB04 TPURAM BASE ADDRESS REGISTER (TRAMBAR)

$YFFB06–
$YFFB3F

NOT USED

TRAMMCR —TPURAM Module Configuration Register $YFFB00

15 14 13 12 11 10 9 8 7 0

STOP 0 0 0 0 0 0 RASP NOT USED

RESET:

0 0 0 0 0 0 0 1
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