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This manual describes the capabilities, operation, and functions of the MC68F375
microcontroller unit. Documentation for the Modular Microcontroller Family follows
the modular construction of the devices in the product line. Each device has a com-
prehensive user’s manual which provides sufficient information for normal opera-
tion of the device. The users manual is supplemented by module reference
manuals that provide detailed information about module operation and applica-
tions. Refer to Motorola publication Advanced Microcontroller Unit (AMCU) Litera-
ture (BR1116/D) for a complete listing of documentation to supplement this

manual.

The following describes changes made to the manual since the revision 1 release

Freescale Semiconductor, Inc.

(15 October 2000):

PREFACE

Table i. Revision History

Revision Date Description
0 N/A Initial document.
1 15 October 2000 | First revision.
2 25 June 2003 Page Referrent Description

2-2, Table 2-1,
2-3 NOTES

E-1 Table E-1
E-2 Table E-3
E-3 Table E-3

E-4 NOTES:
Group 5
E-4 NOTES

E-5 Table E-4
NOTES

E-6 Table E-5
E-25 Table E-11

E-28 Table E-15

E-33 Table E-26

Added Note #6 - All PortF pins have weak pull-up to pin mnemonic:
FASTREF/PF[0], IRQ[7]/PF[7], IRQ[6]/PF[6], IRQ[5:1]/PF[5:1].

Max Vi, changed to 6.5V
Changed Vppp t0 5.0 +/- 5%

Note #12, Design information only, not tested:

« Removed on RUN, TPU3 emulation mode

* Added to LPSTOP, 4.19MHz crystal, VCO off (STSIM =0)
« Added to ISB for Transient condition

» Added PE[2] to Port E
» Added PF[4:1] to Port F

Added Note #11 - HALT and RESET are open drain and do not apply
for VOHS5 spec

Note #9, Design information only, not tested, added to
-1 fief (Slow reference mode), -3 PLL Lock Time, -5 Limp Mode
Clock Frequency, -6 CLKOUT Jitter

teyc changed to 30ns

Note #9 - Design information only, not tested, added to

- 3 Vss Differential Voltage, -4 VDD Differential Voltage, -8 Mid-
Analog Supply Voltage, -12 Input Hysteresis, -15 Reference Supply
Current, -16 Load Capacitance, PQA

Note #7, Design information only, not tested, added to
- 3 Vss Differential Voltage, -8 Disruptive Input Injection Current
Reference Supply Current

Note #1, Design information only, not tested, added to
- Ippr (Disabled), Ipp (Read, Vpp and Program, Vpp)
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The following conventions are used throughout the manual.

Logic level one is the voltage that corresponds to a Boolean true (1) state.
Logic level zero is the voltage that corresponds to a Boolean false (0) state.
To set a bit means to establish logic level one on the bit.

To clear a bit means to establish logic level zero on the bit.

OxXXXX denotes hexadecimal numbers, ObXXXX denotes binary.

A signal that is asserted is in its active logic state. An active low signal changes
from logic level one to logic level zero when asserted, and an active high signal
changes from logic level zero to logic level one.

A signal that is negated is in its inactive logic state. An active low signal changes
from logic level zero to logic level one when negated, and an active high signal
changes from logic level one to logic level zero.

A specific bit or signal within a range is referred to by mnemonic and number.
For example, ADDR15 is bit 15 of the address bus. A range of bits or signals is
referred to by mnemonic and the numbers that define the range. For example, DA-
TA[7:0] form the low byte of the data bus.

L SB means least significant bit or bits. MSB means most significant bit or bits. Ref-
erences to low and high bytes are spelled out.
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SECTION 1
OVERVIEW DESCRIPTION

1.1 Introduction

The MC68F375 is a member of the MC68300/68HC16 family of modular microcontrol-
lers. This family includes a series of modules from which numerous microcontrollers
(MCU'’s) are derived. These modules are connected on-chip via the intermodule bus
(IMB). This section includes a list of pins that are available to each module on the chip,
see Table 1-1.

1.2 MC68F375 Feature List

The major features of the MC68F375 are listed below. A block diagram of the device
is shown in Figure 1-1.

» Modular architecture.
* 32-bit 68000 family CPU with upward object code compatibility (CPU32):
— Virtual memory implementation.
— Loop mode for instruction execution.
— Improved exception handling for controller applications.
— Table lookup and interpolate instruction.
« Single chip integration module (SCIM2E):
— External bus support.
— Parallel ports option on address and data bus in single chip modes and par-
tially expanded modes.
— Nine programmable chip select outputs.
— Two special emulation-specific chip select outputs.
— System protection logic.
— System clock based on slow (~32 KHz) or Fast (~4 MHz) crystal reference or
external clock operation (2X).
— Periodic interrupt timer, watchdog timer, clock monitor and bus monitor.
* 10-bit queued analog-to-digital converter with AMUX (QADCG64):
— Up to 16 channels on the QADCG64 (25 total including the 16 AMUX Channels).
— 4 automatic channel selection and conversion modes.
— 2 channel scan queues of variable length.
— 64 result registers and 3 result alignment formats.
— Programmable input sample time.
— Analog multiplexer capable of multiplexing 16 analog channels.
* Queued serial multi-channel communication module with three serial 1/0 sub-
systems (QSMCM):
— 2 enhanced SCI (UART): modulus baud rate generator, parity. One SCI has
16 level Rx and Tx queues.
— Queued SPI: 160-byte RAM, up to 32 automatic transfers, continuous cycling,
8-10-16 bits per transfer, LSB/MSB first.
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— Dual function I/O port pins.
» Time processing unit (TPU3): | T[
— 16 channels — each is associated with a pin.
— Each channel can perform any time function.
— Each time function may be assigned to more than one channel.
— Each channel has an event register comprised of: 16-bit capture register, 16-
bit compare/match register, 16-bit greater-than-or-equal-to comparator.
— Each channel can be programmed to perform match or capture operations
with one or both of the two 16-bit free running timer count registers (TCR1 and
TCR2).
— TCRL1 is clocked from the internal TPU3 system clock.
— TCR2 may be clocked or gated from the external T2CLK pin.
— All time primitives are microcoded.
— 4 Kbytes of microstore program ROM space.
— All channels have eight 16-bit parameter registers.
— A hardware scheduler with three priority levels is included.
— Resolution is one system clock period.
— Modulus prescaler (DIV 2, 4, 6...... 62, 64)
» 6-Kbyte TPU emulation RAM (DPTRAM).

— Can be used as system RAM or TPU microcode storage.
» 256K Byte 1T Flash EEPROM (CMFI).

— 5V program/erase.

— Block 0 protected by an external pin.
* SRAM

— External Vggy pin for separate standby supply.

— 8-Kbyte static RAM (SRAM):

— 4 x 512-byte static RAM (SRAM):

— 512-byte modules can overlay any 512-byte portion (on 512-byte boundaries)
of the CMFI module.

* Late programmable read only memory — ROM:

— 8-Kbyte array, accessible as bytes or words.

— User selectable default base address.

— User selectable bootstrap ROM function.

» CAN2.0B controller module (TouCAN™):

— Full implementation of CAN protocol specification — Version 2.0B.

— Standard/extended data and remote frames (up to 109/127 bits long).

— Programmabile bit rate up to 1 Mbit/sec, derived from system clock.

— 16 Rx/Tx message buffers of 0-8 bytes data length, of which 2 buffers are con-
figurable to work as Rx buffers with specific programmable masks.

— Programmable global Rx masks.

— Programmable transmit-first scheme: lowest ID or lowest buffer number.

— Low power “SLEEP” mode, with programmable “WAKE UP” on bus activity.

— Automatic time-stamping of received and transmitted messages.

« Configurable timer module 9 (CTM9):

— 1 bus interface unit submodule (BIUSM).

— 1 counter prescaler submodule (CPSM).

— 1 free-running counter submodule (FCSM).

MC68F375 OVERVIEW DESCRIPTION MOTOROLA
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— 4 single action submodules (SASM).
— 4 double action submodules (DASM).
— 4 dedicated PWM submodules (PWMSM)
» Package: flip chip and 217-ball 23 x 23 mm PBGA.
* Operating temperature: -40° C through 125° C
* Operating frequency: 33.00 MHz system clock at Vpp, =3.3V/Vppy =5.0V.

— 2 modulus counter submodules (MCSM).
| Tl

1.3 Module Descriptions

A short description of each module of the MC68F375 appears in the following sections.
For more details on each module, please refer to the specific module section as
indicated.

1.3.1 Central Processing Unit Module — CPU32

The CPU32 is upward-compatible with the M68000 family which excels at processing
calculation-intensive algorithms and supporting high level languages. All of the
MC68010 and most of the MC68020 enhancements such as virtual memory support,
loop mode execution, and 32-bit mathematical operations are supported. New instruc-
tions such as table lookup and interpolate and low-power stop support the specific
requirements of controller applications. Refer to SECTION 3 CENTRAL PROCES-
SOR UNIT.

1.3.2 Single Chip Integration Module — SCIM2E

The MC68F375 contains the single chip integration module 2 (SCIM2E). The SCIM2E
consists of several submodules: the external bus interface, the system protection sub-
module, the test submodule, the clock synthesizer, and the chip select submodule.
Refer to SECTION 4 SINGLE-CHIP INTEGRATION MODULE 2 (SCIM2E).

The MC68F375 SCIM2E includes improvements to the regular SCIM. This enhanced
SCIM includes improvements to the clock synthesizer. These changes are defined in
detail in 4.3.2 Clock Synthesizer Submodule. Please refer to the SCIM Reference
Manual (SCIMRM/AD) for more details on the characteristics of this module.

1.3.3 Queued Analog to Digital Converter Module — QADC64

The queued analog-to-digital converter 64 (QADC64) provides the microcontroller
unit (MCU) with two conversion sequence control mechanisms (queues); a 16
channel expandable multiplexer; a 10-bit A/D converter; and digital port logic. Re-
fer to SECTION 5 QUEUED ANALOG-TO-DIGITAL CONVERTER MODULE-64.

» The queue RAM stores the sequence of channels to convert, conversion param-
eters, and stores conversion results.

» The queue control logic provides the trigger/run modes, interrupt control, queue
status, etc.

» The 10-bit A/D converter selects and convert the desired channel, using a suc-
cessive approximation technique. The absolute accuracy (total unadjusted error)
compared to an ideal transfer curve is +/-2 counts.
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» The port logic provides up to 8 input-only and 8 bidirectional digital interface pins.
Pins which are used as analog channels should be masked out of the digital data. | T[

1.3.4 Analog Multiplexer — AMUX

The analog multiplexer (AMUX) submodule expands the channel capacity of the
QADC64 analog-to-digital converter inputs by a maximum of 32 analog channels. 16
analog channels are bonded out on the MC68F375. The AMUX does not have an
intermodule bus (IMB3) interface; control is through the QADC64. Refer to 5.13 Ana-
log Multiplexer Submodule.

1.3.5 Queued Serial Multi-Channel Communications Module — QSMCM

The queued serial multi-channel module (QSMCM) provides the microcontroller unit
(MCU) with three serial communication interfaces divided into three submodules: the
queued serial peripheral interface (QSPI) and two serial communications interfaces
(SCI). These submodules communicate with the CPU via a common slave bus inter-
face wunit (SBIU). Refer to SECTION 5 QUEUED ANALOG-TO-DIGITAL
CONVERTER MODULE-64.

The QSPI is a full-duplex, synchronous serial interface for communicating with periph-
erals and other MCUs. It is enhanced from the original QSM to include a total of 160
bytes of queue RAM to accommodate more receive, transmit, and control information.

The duplicate, independent, SCls are full-duplex universal asynchronous receiver
transmitter (UART) serial interface. The original QSM SCI is enhanced by the addition
of an SCI, a common external baud clock source, receive and transmit buffers on one
SCI.

1.3.6 TouCAN Module

The TouCAN module is a communication controller implementing the CAN protocol. It
contains all the logic needed to implement the CANZ2.0B protocol, supporting both
standard ID format and extended ID. The protocol is a CSMA/CD type, with collision
detection without loss, used mainly for vehicle systems communication and industrial
applications. The module contains 16 message buffers used for transmit and receive,
and masks used to qualify the received message ID before comparing it to the receive
buffers. Refer to SECTION 7 CAN 2.0B CONTROLLER MODULE.

1.3.7 Enhanced Time Processing Unit — TPU3

The TPU3 is an intelligent, semi-autonomous co-processor designed for timing con-
trol. Operating simultaneously with the CPU, the TPU processes microinstructions,
schedules and processes real-time hardware events, performs input and output, and
accesses shared data without CPU intervention. Consequently, for each timer event
the CPU setup and service time are minimized or eliminated.

The TPU3 can be viewed as a special-purpose microcomputer that performs a pro-
grammable series of two operations, match and capture. Each occurrence of either op-
eration is called an event. A programmed series of events is called a function. TPU3
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functions replace software functions that would require host CPU interrupt service. Re-
fer to SECTION 8 TIME PROCESSOR UNIT 3.

1.3.8 DPTRAM TPU Emulation RAM Module — DPTRAM

The RAM module with TPU microcode storage support (DPTRAM) consists of a con-
trol register block and a 6-Kbyte array of static RAM which can be used as a microcode
storage for TPU3 or general purpose memory. Microcode initialization is done by the
host CPU through standard IMB modes of access. Refer to SECTION 9 DUAL-PORT
TPU RAM (DPTRAM).

The DPTRAM interface includes an IMB3 bus Interface and two® TPU3 interfaces.
When the RAM is being used in microcode mode, the array may only be accessed by
the TPU3 via a separate local bus, and not via the intermodule bus.

1.3.9 1T Flash Electrically Erasable Read Only Memory — CMFI

The MC68F375 contains an electrically erasable, programmable 256-Kbyte FLASH
memory (CMFI). The primary function of the CMFI module is to serve as electrically
programmable and erasable non-volatile memory (NVM) to store program instructions
and/or data. It is a non-volatile solid state silicon memory device consisting of an array
of isolated elements, a means for selectively adding and removing charge to the ele-
ments electrically and a means of selectively sensing the stored charge in the
elements. When power is removed from the device, the stored charge of the isolated
elements will be retained. Refer to SECTION 10 CDR MoneT FLASH FOR THE IMB3
(CMFI).

1.3.10 Static RAM — SRAM
There are two types of SRAM in the MC68F375:

» 8K Static RAM — SRAM. This module is a fast access (2 clocks) general purpose
static RAM (SRAM) for the MCU and is accessed via the IMB.

» 2K (4 x 512 Byte) Patch Static RAM — SRAM. These modules are fast access (2
clocks) general purpose static RAMs (SRAM) for the MCU with a patch option
which provides a method to overlay the internal CMFI memory for emulation.

Refer to SECTION 11 STATIC RANDOM ACCESS MEMORY (SRAM).

1.3.11 Mask Programmable Read Only Memory — ROM

The Mask ROM module is designed to be used with the inter-module bus (IMB3) and
consequently any CPU capable of operating on the IMB. A size of 8192 (8K) bytes was
selected to reside on the MC68F375 MCU. The ROM is a “late programmable” type
which means that programming of the array and control register options occurs later
in the processing flow, allowing reduction in cycle time between software code
changes from the user to available devices.

During master reset the ROM will monitor one DATA line (DATA14) to determine if it
should respond as a memory mapped ROM, or be disabled. If the state of DATA14 is

1 Note: the MC68F375 contains only a single TPU3. The second TPU3 interface is inactive.
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normally to the bootstrap address range and the ROM array base address. If DATA14
is 0, the STOP bit will be set and the bootstrap address range and the ROM array will
be disabled until the STOP bit is cleared either by an IMB write or until the next master
reset which occurs with DATA14 = 1. When STOP is set, the array will not respond to
the bootstrap address range or the ROM Array base address in ROMBAH and ROM-
BAL, allowing an external device to respond to the ROM Array’s address space, and/
or provide bootstrap information. This allows the ROM to be disabled from outside of
the device if necessary. Refer to SECTION 12 MASK ROM MODULE.

1, the STOP bit in the ROMMCR register will be cleared to 0 and the array will respond
| Tl

1.3.12 Configurable Timer Module 9 — CTM9

The configurable timer module (CTM) is a family of timer modules for the Motorola
Modular Microcontroller Family (MMF). The timer architecture is modular—before the
chip is manufactured the user can specify the number of time-bases (counter submod-
ules) and channels (action submodules, or timer 1/O pins) that are included. Refer to
SECTION 13 CONFIGURABLE TIMER MODULE (CTM9). The major blocks in the
CTMO are:

* Bus interface unit submodule (BIUSM)

* Single action submodule (SASM)

* Double action submodule (DASM)

* Pulse width modulation submodule (PWMSM)
» Counter prescaler submodule (CPSM)

* Free-running counter submodule (FCSM)

* Modulus counter submodule (MCSM)

1.4 Referenced Documents

» CPU32 Central Processor Unit Reference Manual (CPU32RM/AD).

* SCIM Reference Manual (SCIMRM/AD).

* QSM Reference Manual (QSMRM/AD or QSM section of MC68332UM/AD).
* CTM Reference Manual (CTMRM/D).

* TPU Reference Manual (TPURM/AD).
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1.5 MC68F375 Functional Block Diagram
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Figure 1-1 MC68F375 Block Diagram
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1.6 MC68F375 Pin Usage
Table 1-1 shows the MC68F375 pin usage. For more information on an individual pin, | T'
refer to the corresponding module documentation.

Table 1-1 MC68F375 Pin Usage

Functions Total Pins Port Pins
CPU32
BDM 3
Total 3
SCIM2E
Port A, Port B 16 16
Port G, Port H 16 16
Port F 8 8
Port C 7 7
Port E 8 8
Bus Control, A[2:0], CSBOOT, TSC, RESET 13
CLKOUT, PLL 4
Total 72 55
QADC64/AMUX
Channels 16 16
Analog Mux 16
Total 32 16
QSMCM
SCI1, SCI2 4 4
SPI 7 7
ECK
Total 11 11
TPU3
Channels 16 16
Clock 1
Total 17 16
TouCAN
Receive 1
Transmit 1
Total 2
CTM9
PWMSM 4 4
SASM 8 8
DASM 4 4
Clock 1
Total 17 16
CMFI
EPEBO 1
Total 1
MC68F375 OVERVIEW DESCRIPTION MOTOROLA
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Table 1-1 MC68F375 Pin Usage (Continued)

Functions Total Pins Port Pins

Power (Vpp, VppL: Vss)

I/0 Pad Power (Vppn) 14
Logic Power (Vpp) 3

Ground (Vgg) 16
SRAM (Vstgy) 1
DPTRAM (VpppptrRAM) 1
CMFI (Vpp) )
SCIM2E Clock (Vppsyn/Vsssyn) 2
QADC64 Power (Vppa/Vssa) 2

QADC64 Reference (VRn/VRL)
Total 42

Total 199 114

1.7 Address Map

Each MC68300/MC68HC16 derivative MCU has a 4-Kbyte block in the memory map
that is assigned to internal module registers. The MSB of the block address is user-
programmable via the MM (MODMAP) bit in the SCIMMCR register, see 1.7.1
Address Bus Decoding. Within this 4-Kbyte block are sub-blocks that are assigned
to the individual modules, as shown in the MC68F375 address map in Figure 1-2.
These sub-blocks vary in size, depending on the register requirements for each mod-
ule. Positioning of registers within the module sub-blocks is dependent on the
individual modules and is specified in the respective module specifications. The RAM,
ROM, and CMFI array spaces are not shown with an assigned address because the
arrays are not enabled after reset. The arrays are enabled and the base address is set
by writing to the control blocks of each array.

Each module that is assigned a sub-block is responsible for responding to any
accesses within its assigned address range. Modules do not respond to any register
address within the module address space which is not implemented and not reserved.
These addresses are mapped outside the MC68F375. An access to a register at an
address which is reserved returns zeros, as do accesses to reserved bits within
registers.

If the SUPV bit in the module configuration register (MCR) within a module is set, any
user mode accesses to the module are mapped externally.

1.7.1 Address Bus Decoding

The internal MODMAP line is compared to internal address line A[23] while A[22:0] are
decoded by each module. If a module control block address is decoded, the access
will be internal. The value of A[22] down to the module block size is defined in Figure
1-2 for each module. These bits are fixed for this particular derivative device and are
specified by Motorola. The value of MODMAP is specified by the MM control bit in the
SCIM2E module configuration register (SCIMMCR), see 4.2.2 Module Mapping.
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OxYF FO00

OxYF FO80

OxYF F200

OxYF F300

OxYF F400

OxYF F800

OXYF F820
OXYF F840
OXYF F848
OXYF F850
OXYF F858
OXYF F860
OXYF F880

OxYF FAOO

OxYF FA80
OxYF FBOO

OxYF FBO8

OxYF FCO00

OxYF FEQOO

OXYF FFFF

MC68F375
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Unused

TouCAN
384 Bytes

CTM9
256 Bytes

FLASH ARRAY
256 K Bytes

Unused

QADC64
1024 Bytes

ROM ARRAY
8 K Bytes

256K CMFI CTL, 32 Bytes

ROM CTL, 32 Bytes

SRAM ARRAY
512 Bytes

OVERLAY SRAM1 CTL, 8 Bytes

OVERLAY SRAM2 CTL, 8 Bytes

SRAM ARRAY
512 Bytes

OVERLAY SRAM3 CTL, 8 Bytes

OVERLAY SRAM4 CTL, 8 Bytes

SRAM ARRAY
512 Bytes

Unused

6 K DPTRAM CTL, 32 Bytes

SCIM2E
128 Bytes

SRAM ARRAY
512 Bytes

Unused

8 K SRAM CTL, 8 Bytes

DPTRAM ARRAY

6 K Bytes

Unused

SRAM ARRAY
8 K Bytes

QSMCM
512 Bytes

TPU3
512 Bytes

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

in the SCIM2E configuration register (SCIMMCR).

Figure 1-2 MC68F375 Address Map
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SECTION 2
SIGNAL DESCRIPTIONS

2.1 Pin Characteristics

Table 2-1 shows MCU pins and their characteristics. All inputs detect CMOS logic lev-
els. All inputs can be put in a high impedance state, but the method of doing this differs
depending upon pin function. Refer to Table 2-3 for a description of output drivers. An
entry in the discrete 1/0 column of the MC68F375 pin characteristics table indicates
that a pin has an alternate I/O function. The port designation is given when it applies.
Refer to the MC68F375 block diagram for information about port organization.

Table 2-1 Pin Characteristics

. . Output Input Type Port
Pin Mnemonic Module f 3 q
Driver Sync | Hyst Sync | Hyst/Other | Designation
ADDRJ[23)/
CS[10J/ECLK SCIM2E A no yes no —
ADDR[22:19]/ _
CS[9:6]/PC[6:3] SCIM2E A no yes no PC[6:3]
ADDRJ[18:11]/PA[7:0] SCIM2E A no yes no PA[7:0]
ADDR[10:3]/PB[7:0] SCIM2E A no yes no PB[7:0]
ADDRJ[2:0] SCIM2E A no yes no —
AN[59:57]/PQA[7:5] QADC64 Aga no yest no PQA[7:5]
AN[56:55]/ETRIG[2:1)/ 2 .
POA[4:3] QADC64 Aqga no yes no PQA[4:3]
AN[54:52]/MA[2:0]/ 3 .
PQA[2:0] QADC64 Aga no yes no PQA[2:0]
AN[51:48]/PQB[7:4] QADC64 — no yes no PQB[7:4]
AN[3:0)/AN[z,y,x,w]/ - 1 .
PQB(3:0] QADC64 no yes no PQB[3:0]
ANX[15:0] QADC64 — no yest no —
AS/PE[5] SCIM2E B no yes no PE[5]
AVEC/PE[2] SCIM2E B yes no no PE[2]
BERR SCIM2E B yes no no —
BG/CSM SCIM2E B no no no —
BGACK/CSE SCIM2E B yes no no —
BKPT/DSCLK CPU — no yes no —
BR/CS[0] SCIM2E B yes no no —
CLKOUT SCIM2E A no no no —
CNRX TOUCAN — no yes no —
CNTX TOUCAN Bo no yes no —
CSBOOT SCIM2E B no no no —
MC68F375 SIGNAL DESCRIPTIONS MOTOROLA
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Table 2-1 Pin Characteristics (Continued)

Input Type
Pin Mnemonic Module %Lrjit‘?eurt Sync HystpSyn:p Hyst/Other Des;?lr;tion
CPWMI[8:5] CTM9 A no yes no —
CTD[10:9] CTM9 A no yes no —
CTM2C CTM9 A no yes no —
CTS[20B-14A] CTM9 A no yes no —
DATA[15:8)/PG[7:0] SCIM2E DB no yest no PG[7:0]
DATA[7:0])/PH[7:0] SCIM2E DB no yes no PH[7:0]
DS/PE[4] SCIM2E B no yes no PE[4]
DSACK]1:0]/PE[1:0] SCIM2E B yes no no PE[1:0]
ETRIG[2:1]/PQA[4:3] QADC64 Aga no yest no PQA[4:3]
EXTAL%® PLLWXY — no no Special —
FASTREF/PF[0]® SCIM2E Bp no yes! no PF[0]
FC[2]/CS[5])/PCI2]
FC[1)/PC[1] SCIM2E A yes no no PC[2:0]
FC[0)/CS[3]/PCIO]
F/g%iZTE SCIM2E A no no no —
HALT SCIM2E Bop yes no no —
IFETCH/DSI CPU A no yes no —
IPIPE/DSO CPU A no no no —
IRQ[7)/PF[7]® SCIM2E Bp no yes no PF[7]
IRQ[6)/PF6]° SCIM2E B no yes no PF[6]
IRQ[5:1]/PF[5:1]® SCIM2E B no yes no PF[5:1]
MA[2:0)/PQA[2:0] QADC64 Agqa no yesl no PQA[2:0]
MISO/PQSI0] QSMCM Bo no yes! no PQS[0]
MOSI/PQS[1] QSMCM Bo no yest no PQSI[1]
PCS|[0]/SS/PQS[3] QSMCM Bo no yest no PQSI[3]
PCS[3:1]/PQS[6:4] QSMCM Bo no yest no PQS[6:4]
RIW SCIM2E A yes yes no —
RESET SCIM2E Bo no yes no —
RMC(BLOCK)/PE][3] SCIM2E B no yes no PE[3]
RXD[1,2]/PQS[8,10] QSMCM — no no yes PQS[8,10]
SCK/PQS[2] QSMCM Bo no yes! no PQSI[2]
SIZ[1:0]/PE[7:6] SCIM2E B no yes no PE[7:6]
T2CLK TPU3 A no yes no —
TP[15:0] TPU3 A no yes no —
TSC SCIM2E — no yes no —
TXD[1,2)/PQS[7,9] QSMCM Bo no yest no PQSI[7,9]
/\I\//I%?DSC?L’\IL SCIM2E — no yes! no —
MC68F375 SIGNAL DESCRIPTIONS MOTOROLA

REFERENCE MANUAL

For More Inf5Pmatibil'®f>This Product,

Go to: www.freescale.com

2-2



Freescale Semiconductor, Inc.

Table 2-1 Pin Characteristics (Continued)

; . Output Input Type Port
Pin Mnemonic Module ] ; .
Driver Sync | Hyst Sync | Hyst/Other | Designation
EPEBO® CMFI — yes — _ _
XEC4 PLLWXY — no no Special —
XTAL43 PLLWXY — no no Special —
NOTES:
1. DATA[15:0]
2. DATA[15:0]
3. DATA[15:0]
4. EXTAL, XFC and XTAL are clock reference connections.
5. These pins are 3 V level only.
6. All Port F pins have weak pull-up.
Table 2-2 Power Connections
Pin Voltage Description
VstY 3.3Vv! | Standby RAM power
VDDDPTRAM 3.3V DPTRAM power (ConneCt to VDDL)
\Y 2
DDSYN 3.3V Clock synthesizer power
Vsssyn oV
Vbpa 5V
Vesa oV QADCG64 converter power
VR SV QADC64 reference voltage
VL oV 9
Vss oV . .
Pad output driver power (Source and Drain)
VbpH S5V
Vss ov Module power (Source and Drain)
VppL 3.3V P
Vpp 3.3V/5V | CMFI program/erase voltage
NOTES:
1. Throughout this manual 3 V = 3.3 volts +0.3 volts.
5V =5 volts £10%, except Vpp 5 V = 5 volts +5%.
2. VDDSYN/MODCLK =3.3V for VDDSYN function.
Vppsyn/MODCLK =0 V for MODCLK function.
MC68F375 SIGNAL DESCRIPTIONS MOTOROLA
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Table 2-3 Output Driver Types

Type 1/0 Description
A (@) Output that is always driven. No external pull-up required.
Aga @) Type A output open drain on a QADC64 pin
Three-state output that includes circuitry to assert output before high impedance is estab-
B (0] lished, to ensure rapid rise time. An external holding resistor is required to maintain logic level
while in the high-impedance state.
Bo @) Type B output that can be operated in an open-drain mode.
Bop o Type B output that can be operated in an open-drain mode with weak pull-up.
Bp (0] Type B output with weak pull-up.
DB (@) Data bus driver with weak pull-up which pulls data bus high during reset.
Table 2-4 Signal Characteristics
Signal Name MCU Module Signal Type Active State
ADDR[23:0] SCIM2E Bus —
AN[59:48]/[3:0] QADC64 Input —
AN[z, y, X, W] QADC64 Input —
ANX[15:0] Analog MUX Input —
AS SCIM2E Output 0
AVEC SCIM2E Input 0
BERR SCIM2E Input 0
BG SCIM2E Output 0
BGACK SCIM2E Input 0
BKPT CPU32 Input 0
BR SCIM2E Input 0
CLKOUT SCIM2E Output —
CNRX TOUCAN Input -
CNTX TOUCAN Output
CSJ[10:5], CS[3], CS[0] SCIM2E Output
CSBOOT SCIM2E Output
CSE SCIM2E Output
CSM SCIM2E Output
CPWM[8:5] CTM9 Output 1/0
CTD[10:9] CTM9 Input/Output —
CTM2C CTM9 Input 1/0
CTS[20B - 14A] CTM9 Input/Output —
DATA[15:0] SCIM2E Bus —
DS SCIM2E Output
DSACK[1:0] SCIM2E Input
DSCLK CPU32 Input Serial Clock
DSl CPU32 Input Serial Data
DSO CPU32 Output Serial Data
ECLK SCIM2E Output —
MC68F375 SIGNAL DESCRIPTIONS MOTOROLA
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Table 2-4 Signal Characteristics (Continued)

Signal Name MCU Module Signal Type Active State
ETRIG[2:1] QADC64 Input 1/0
EXTAL? SCIM2E Input —
FASTREF SCIM2E Input/Output 1
FC[2]/CS[5]/PC[2]
FC[1J/PC[1] SCIM2E Output 1/0
FC[0]/CS[3]/PC[0]

FREEZE SCIM2E Output 1
HALT SCIM2E Input/Output 0
IPIPE CPU32 Output 0

IFETCH CPU32 Output 0

IRQ[7:1] SCIM2E Input 0

MA[2:0] QADC64 Output 1
MISO QSMCM Input/Output —
MOSI QSMCM Input/Output —

PCS[3:0] QSMCM Input/Output —

PQA[7:0] QADC64 Input/Output —

PQBI[7:0] QADC64 Input —
QUOT SCIM2E Output —

RIW SCIM2E Output 1/0
RESET SCIM2E Input/Output
RMC SCIM2E Output
RXD1, RXD2 QSMCM Input —
SCK QSMCM Input/Output —
SIZ[1:0] SCIM2E Output 1
SS QSMCM Input 0
T2CLK TPU3 Input —

TP[15:0] TPU3 Input/Output —

TSC SCIM2E Input 0/1
TXD1, TXD2 QSMCM Output —
VDDSYN/MODCLK SCIM2E Input —

EPEBO! CMFI Input —
XFC SCIM2E Input —
XTALL SCIM2E Output —

NOTES:

1. These pins are 3 V level only.
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Table 2-5 Signal Functions

Signal Name Mnemonic Function
Address Bus ADDRJ[23:0] 24-bit address bus used by CPU32
QADC64 Analog Input AN[59:48]/[3:0] Sixteen channel A/D converter analog input pins
QADC64 Analog Input AN[z, y, X, W] Four input channels utilized when operating in multiplexed mode
Analog MUX Inputs ANX[15:0] Analog signal inputs multiplexed to the analog converters
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 Clock Out CLKOUT Internal system clock
TOUCAN Receive Data CNRX CAN 2.0B Serial Data Input
TOUCAN Transmit Data CNTX CAN 2.0B Serial Data Output
Chip Selects CS[l(éEé][,O?S[S], Select external devices at programmed addresses
Boot Chip Select CSBOOT Chip select for external boot start-up ROM
Emulator Chip Select CSE Chip select for external port emulator
Module Chip Select CSM Chip select for external ROM emulator
CTM PWM CPWM[8:5] Ei\:]\gM channels which can also be used as general-purpose output
gl;g/annzouble Action CTD[10:9] Bidirectional CTM9 double action timer channels
CTM9 Modulus Clock CTM2C CTM9 modulus counter clock input

CTM9 Single Action Chan-
nels

CTS[20B - 14A]

Bidirectional CTM9 single action timer channels

Data Bus DATA[15:0] 16-bit data bus
Read cycle — indicates that an external device should place valid
Data Strobe DS data on the data bus. Write cycle — indicates that valid data is on
the data bus.
Data and Size DSACK]J1:0] Provides asynchronous data transfers and dynamic bus sizing

Acknowledge

Development Serial In, Out,
Clock

DSI, DSO, DSCLK

Serial 1/0 and clock for background debug mode

When a scan queue is in external trigger mode, the corresponding

QADC64 External Trigger ETRIG[2:1] ETRIG pin is configured as a digital input and the software pro-
grammed /O direction in the DDR is ignored.

Crystal Oscillator EXTAL, XTAL Connectlons_ for clock synthesizer circuit reference; a crystal or an
external oscillator can be used

I\(/egto Reference Mode Se- FASTREF Selects between FAST or SLOW reference modes

Function Codes FC[2:0] Identify processor state and current address space

Freeze FREEZE Indicates that the CPU has acknowledged a breakpoint

Halt HALT Suspend external bus activity

Instruction Pipeline IPIPE Indicates instruction pipeline activity

MC68F375
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Table 2-5 Signal Functions (Continued)

Signal Name Mnemonic Function

Instruction Pipeline IFETCH Indicates instruction pipeline activity

Interrupt Request Level IRQ[7:1] Provides an interrupt priority level to the CPU

QADC64 Multiplexed Ad- . When external multiplexing is used, these pins provide the ad-

MA[2:0] .

dress dresses to the external multiplexer

Master-In Slave-Out MISO Ser_lal input to QSPI in master mode;
serial output from QSPI in slave mode

Master-Out Slave-In MOSI Ser_lal _output from Q_SPI in master mode;
serial input to QSPI in slave mode

Peripheral Chip Select PCS[3:0] QSPI Peripheral Chip Select

QADC64 Port A PQA[7:0] QADC64 port A analog inputs and 1/0 port PQA[7:0]

QADC64 Port B PQB[7:0] QADCS64 port B analog inputs and input-only port PQB[7:0]

Quotient Out QUOT Provides the quotient bit of the polynomial divider (test mode only)

Read/Write RIW Indicates the direction of data transfer on the bus

Reset RESET System reset

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

SCI Receive Data RXD1, RXD2 Serial input to the SCI

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

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

’ bus cycle

Slave Select ss Causes serial transmission when QSPI is in slave mode; chip-se-
lect in master mode

TPU3 Clock T2CLK TPU3 clock input

TPU3 I/O Channels TP[15:0] Bidirectional TPU3 channels

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

SCI Transmit Data TXD1, TXD2 Serial output from the SCI

Clock Mode Select VDDSYN/MODCLK | Selects the source of the internal system clock

CMFI Block 0 Program/ EPEBO When asserted, allows CMFI block 0 to be programmed or erased.

Erase Enable

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

2.2 Pinout

The production MC68F375 will be bumped flip-chip and PBGA.

2.2.1 Pinout Diagram

The pad numbers for each pad/signal on the die are shown in Figure 2-1. Note that
the numbers and names correspond to the pad names and order on the die. The pin/
bump numbers on the PBGA and Bumped die may be different. The chip layout plan
is also shown in Figure 2-1.
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NO CONNECTION — these balls have no electrical connection inside the package.

N/C
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SECTION 3
CENTRAL PROCESSOR UNIT

The CPU32, the instruction processing module of the M68300 family, is based on the
industry-standard MC68000 processor. It has many features of the MC68010 and
MC68020, as well as unique features suited for high-performance controller applica-
tions. This section is an overview of the CPU32. For detailed information concerning
CPU operation, refer to the CPU32 Reference Manual (CPU32RM/AD).

3.1 General

Ease of programming is an important consideration in using a microcontroller. The
CPU32 instruction format reflects a philosophy emphasizing register-memory interac-
tion. There are eight multifunction data registers and seven general-purpose
addressing registers.

All data resources are available to all operations requiring those resources. The data
registers readily support 8-bit (byte), 16-bit (word), and 32-bit (long-word) operand
lengths for all operations. Word and long-word operations support address manipula-
tion. Although the program counter (PC) and stack pointers (SP) are special-purpose
registers, they are also available for most data addressing activities. Ease of program
checking and diagnosis is further enhanced by trace and trap capabilities at the
instruction level.

A block diagram of the CPU32 is shown in Figure 3-1. The major blocks operate in a
highly independent fashion that maximizes concurrency of operation while managing
the essential synchronization of instruction execution and bus operation. The bus con-
troller loads instructions from the data bus into the decode unit. The sequencer and
control unit provide overall chip control, managing the internal buses, registers, and
functions of the execution unit.
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Figure 3-1 CPU32 Block Diagram

3.2 CPU32 Registers

The CPU32 programming model consists of two groups of registers that correspond
to the user and supervisor privilege levels. User programs can use only the registers
of the user model. The supervisor programming model, which supplements the user
programming model, is used by CPU32 system programmers who wish to protect sen-
sitive operating system functions. The supervisor model is identical to that of the

MC68010 and later processors.

The CPU32 has eight 32-bit data registers, seven 32-bit address registers, a 32-bit
program counter, separate 32-bit supervisor and user stack pointers, a 16-bit status
register, two alternate function code registers, and a 32-bit vector base register. Refer

to Figure 3-2 and Figure 3-3.
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Figure 3-2 User Programming Model
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DFC CODE REGISTERS
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Figure 3-3 Supervisor Programming Model Supplement

3.2.1 Data Registers

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

* Bits

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

» Word Integers (16 bits)

» Long-Word Integers (32 bits)

* Quad-Word Integers (64 bits)

Each of data registers D7-DO0 is 32 bits wide. Byte operands occupy the low-order 8
bits; word operands, the low-order 16 bits; and long-word operands, the entire 32 bits.
When a data register is used as either a source or destination operand, only the appro-
priate low-order byte or word (in byte or word operations, respectively) is used or
changed; the remaining high-order portion is unaffected. The least significant bit (LSB)
of a long-word integer is addressed as bit zero, and the most significant bit (MSB) is
addressed as bit 31. Figure 3-4 shows the organization of various types of data in the
data registers.

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

Binary-coded decimal (BCD) data represents decimal numbers in binary form. CPU32
BCD instructions use a format in which a byte contains two digits. The four LSB con-
tain the least significant digit, and the four MSB contain the most significant digit. The
ABCD, SBCD, and NBCD instructions operate on two BCD digits packed into a single
byte.
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31 1 0
LOW-ORDER LONG WORD LSB

CPU32 DATA ORG

Figure 3-4 Data Organization in Data Registers

3.2.2 Address Registers

Each address register and stack pointer is 32 bits wide and holds a 32-bit address.
Address registers cannot be used for byte-sized operands. Therefore, when an
address register is used as a source operand, either the low-order word or the entire
long-word operand is used, depending upon the operation size. When an address reg-
ister is used as the destination, the entire register is affected, regardless of the opera-
tion size. If the source operand is a word size, the operand is sign-extended to 32 bits.
Address registers are used primarily for addresses and to support address computa-
tion. The instruction set includes instructions that add to, subtract from, compare, and
move the contents of address registers. Figure 3-5 shows the organization of
addresses in address registers.
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FULL 32-BIT ADDRESS OPERAND

CPU32 ADDR ORG

Figure 3-5 Address Organization in Address Registers

3.2.3 Program Counter

The PC contains the address of the next instruction to be executed by the CPU32.
During instruction execution and exception processing, the processor automatically
increments the contents of the PC or places a new value in the PC as appropriate.

3.2.4 Control Registers

The control registers described in this section contain control information for supervi-
sor functions and vary in size. With the exception of the condition code register (the
user portion of the status register), the control registers are accessed only by instruc-
tions at the supervisor privilege level.

3.2.4.1 Status Register

The status register (SR) stores the processor status. It contains the condition codes
that reflect the results of a previous operation and can be used for conditional instruc-
tion execution in a program. The condition codes are extend (X), negative (N), zero
(2), overflow (V), and carry (C). The user (low-order) byte containing the condition
codes is the only portion of the SR information available at the user privilege level; it
is referenced as the condition code register (CCR) in user programs.

At the supervisor privilege level, software can access the full status register. The upper
byte of this register includes the interrupt priority (IP) mask (three bits), two bits for
placing the processor in one of two tracing modes or disabling tracing, and the super-
visor/user bit for placing the processor at the desired privilege level.

Undefined bits in the status register are reserved by Motorola for future definition. The
undefined bits are read as zeros and should be written as zeros for future compatibility.

All operations to the SR and CCR are word-size operations, but for all CCR operations,
the upper byte is read as all zeros and is ignored when written, regardless of privilege
level.

Refer to APPENDIX A INTERNAL MEMORY MAP for bit/field definitions and a dia-
gram of the status register.
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Alternate function code registers (SFC and DFC) contain 3-bit function codes. Func-
tion codes can be considered extensions of the 24-bit linear address that optionally
provide as many as eight 16-Mbyte address spaces. The processor automatically gen-
erates function codes to select address spaces for data and programs at the user and
supervisor privilege levels and to select a CPU address space used for processor
functions (such as breakpoint and interrupt acknowledge cycles).

3.2.4.2 Alternate Function Code Registers
| Tl

Registers SFC and DFC are used by the MOVES instruction to specify explicitly the
function codes of the memory address. The MOVEC instruction is used to transfer val-
ues to and from the alternate function code registers. This is a long-word transfer; the
upper 29 bits are read as zeros and are ignored when written.

3.2.5 Vector Base Register (VBR)

The VBR contains the base address of the 1024-byte exception vector table, consist-
ing of 256 exception vectors. Exception vectors contain the memory addresses of
routines that begin execution at the completion of exception processing. More
information on the VBR and exception processing can be found in 3.9 Exception
Processing.

3.3 Memory Organization

Memory is organized on a byte-addressable basis in which lower addresses corre-
spond to higher order bytes. For example, the address N of a long-word data item
corresponds to the address of the most significant byte of the highest order word. The
address of the most significant byte of the low-order word is N + 2, and the address of
the least significant byte of the long word is N + 3. The CPU32 requires long-word and
word data and all instructions to be aligned on word boundaries. Refer to Figure 3-6.
If this does not happen, an exception will occur when the CPU32 accesses the
misaligned instruction or data. Data misalignment is not supported.
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Figure 3-6 Memory Operand Addressing
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3.4 Virtual Memory

The full addressing range of the CPU32 on the MC68F375 is 16 Mbytes in each of
eight address spaces. Even though most systems implement a smaller physical mem-
ory, the system can be made to appear to have a full 16 Mbytes of memory available
to each user program by using virtual memory techniques.

A system that supports virtual memory has a limited amount of high-speed physical
memory that can be accessed directly by the processor and maintains an image of a
much larger virtual memory on a secondary storage device. When the processor
attempts to access a location in the virtual memory map that is not resident in physical
memory, a page fault occurs. The access to that location is temporarily suspended
while the necessary data is fetched from secondary storage and placed in physical
memory. The suspended access is then restarted or continued.

The CPU32 uses instruction restart, which requires that only a small portion of the
internal machine state be saved. After correcting the fault, the machine state is
restored, and the instruction is fetched and started again. This process is completely
transparent to the application program.

3.5 Addressing Modes

Addressing in the CPU32 is register-oriented. Most instructions allow the results of the
specified operation to be placed either in a register or directly in memory. There is no
need for extra instructions to store register contents in memory.

There are seven basic addressing modes:

* Register Direct

* Register Indirect

* Register Indirect with Index

» Program Counter Indirect with Displacement
» Program Counter Indirect with Index

» Absolute

* Immediate

The register indirect addressing modes include postincrement, predecrement, and off-
set capability. The program counter indirect mode also has index and offset
capabilities. In addition to these addressing modes, many instructions implicitly specify
the use of the status register, stack pointer, and/or program counter.

3.6 Processing States

The processor is always in one of four processing states: normal, exception, halted, or
background. The normal processing state is associated with instruction execution; the
bus is used to fetch instructions and operands and to store results.

The exception processing state is associated with interrupts, trap instructions, tracing,
and other exception conditions. The exception may be internally generated explicitly
by an instruction or by an unusual condition arising during the execution of an instruc-
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tion. Exception processing can be forced externally by an interrupt, a bus error, or a
reset.

The background processing state is initiated by breakpoints, execution of special
instructions, or a double bus fault. Background processing is enabled by pulling BKPT
low during RESET. Background processing allows interactive debugging of the sys-
tem via a simple serial interface.

3.7 Privilege Levels

The processor operates at one of two levels of privilege: user or supervisor. Not all
instructions are permitted to execute at the user level. All instructions are available at
the supervisor level. Effective use of privilege level can protect system resources from
uncontrolled access. The state of the S bit in the status register determines the privi-
lege level and whether the user stack pointer (USP) or supervisor stack pointer (SSP)
is used for stack operations.

3.8 Instructions

The CPUS32 instruction set is summarized in Table 3-2. The instruction set of the
CPU32 is very similar to that of the MC68020. Two new instructions have been added
to facilitate controller applications: low-power stop (LPSTOP) and table lookup and
interpolate (TBLS, TBLSN, TBLU, TBLUN).

Table 3-1 shows the MC68020 instructions that are not implemented on the CPU32.

Table 3-1 Unimplemented MC68020 Instructions

Instruction Description
BFxx Bit Field Instructions (BFCHG, BFCLR, BFEXTS, BFEXTU, BFFFO, BFINS, BFSET, BFTST)
CALLM, RTM | Call Module, Return Module
CAS, CAS2 | Compare and Swap (Read-Modify-Write Instructions)

CPXXX Coprocessor Instructions (cpBcc, cpDBcc, cpGEN)
PACK, UNPK | Pack, Unpack BCD Instructions
Memory Memory Indirect Addressing Modes

The CPU32 traps on unimplemented instructions or illegal effective addressing
modes, allowing user-supplied code to emulate unimplemented capabilities or to
define special purpose functions. However, Motorola reserves the right to use all cur-
rently unimplemented instruction operation codes for future M68000 core
enhancements.
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Table 3-2 Instruction Set Summary

Operand

Operand

Instruction Syntax Size Description
ABCD Dn, Dn 8 Sourceqq + Destination,g + X = Destination
= (An), — (An) 8
Dn, <ea> 8, 16, 32 L o
ADD <ea>, Dn 8 16, 32 Source + Destination = Destination
ADDA <ea>, An 16, 32 Source + Destination = Destination
ADDI #<<de§2>’ 8, 16, 32 Immediate data + Destination = Destination
ADDQ # <<(<j::3>, 8, 16, 32 Immediate data + Destination = Destination
Dn, Dn 8, 16, 32 o L
ADDX — (An). - (An) 8 16, 32 Source + Destination + X = Destination
<ea>, Dn 8, 16, 32 N L.
AND Dn, <ea> 8 16, 32 Source e Destination = Destination
ANDI # <data>, 8, 16, 32 Data e Destination = Destination
<ea>
ANDIto CCR | * <data>, 8 Source « CCR = CCR
CCR
ANDI to SR1! | # <data>, SR 16 Source e SR = SR
Dn, Dn 8, 16, 32
ASL #<data>, Dn | 8, 16, 32 | xc je—e—J=—0
<ea> 16
Dn, Dn 8,16, 32 4,|—,|_,| X/C |
ASR # <data>, Dn 8, 16, 32
<ea> 16
Bcc label 8, 16, 32 If condition true, then PC +d = PC
Dn, <ea> 8 32
BCHG # <data>, 8 32 ({bit number)of destination) = Z = bit of destination
<ea> !
Dn, <ea> i I
BCLR # <data>, 8,32 ({bit number)of destination) = Z;
<ea> 8,32 0 = bit of destination
If background mode enabled, then enter background mode, else for-
BGND none none mat/vector = — (SSP);
PC = - (SSP); SR = — (SSP); (vector) = PC
BKPT # <data> none If breakpoint cyt_:le acknowledged, thep exec_ute _
returned operation word, else trap as illegal instruction
BRA label 8, 16, 32 PC+d= PC
Dn, <ea> 8 32 _ _ )
BSET # <data>, 8' o ({bit number) of destination) = Z;
<ea> ’ 1 = bit of destination
BSR label 8, 16, 32 SP -4 = SP; PC = (SP); PC+d = PC
Dn, <ea> 8 32
BTST # <data>, 8, 32 ({bit number)of destination) = Z
<ea> !
CHK <ea>, Dn 16, 32 If Dn < 0 or Dn > (ea), then CHK exception
CHK2 <ea>, Rn 8, 16, 32 If Rn < Iowe_r bound or Rn > upper bound, then
CHK exception
CLR <ea> 8, 16, 32 0 = Destination
MC68F375 CENTRAL PROCESSOR UNIT MOTOROLA
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Table 3-2 Instruction Set Summary (Continued)

. Operand Operand o
Instruction Syntax Size Description
CMP <ea>, Dn 8, 16, 32 (Destination — Source), CCR shows results
CMPA <ea>, An 16, 32 (Destination — Source), CCR shows results
CMPI # <<de:1tf>, 8, 16, 32 (Destination — Data), CCR shows results
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
If condition false, then Dn - 1 = PC;
DBce Dn, label 16 if Dn = (= 1), then PC +d = PC
DIVS/DIVU <ea>, Dn 32/16 = 16 : Dt_astlnatlon / S_ource = Destination
16 (signed or unsigned)
64/32 = 32:
<ea>, Dr: Dq 32 L. L
DIVSL/DIVUL | <ea> Dq | 32/32 = 32 (Ds?s:;]gtg;nu/n ;O‘;;C; = Destination
<ea>, Dr:Dq | 32/32 = 32 | °'9 9
32
EOR Dn, <ea> 8, 16, 32 Source @ Destination = Destination
EORI # <<(<j::3>, 8, 16, 32 Data @ Destination = Destination
EORIto CCR |  <data>, 8 Source ® CCR = CCR
CCR
EORI to SR | # <data>, SR 16 Source ® SR = SR
EXG Rn, Rn 32 Rn = Rn
Dn 8=16 . o o
EXT DN 16 = 32 Sign extended Destination = Destination
EXTB Dn 8=32 Sign extended Destination = Destination
SSP — 2 = SSP; vector offset = (SSP);
SSP -4 = SSP; PC = (SSP);
ILLEGAL none none SSP - 2 = SSP; SR = (SSP);
lllegal 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
LPSTOP! # <data> 16 Data = SR; interrupt mask = EBI; STOP
Dn, Dn 8, 16, 32
LSL #<data>, Dn | 8, 16, 32 | xc je—fe——J=—0
<ea> 16
Dn, Dn 8, 16, 32
LSR #<data>, Dn | 8,16, 32 0—>——»—>| x/C |
<ea> 16
MOVE <ea>, <ea> 8, 16, 32 Source = Destination
MOVEA <ea>, An 16, 32 = 32 | Source = Destination
1 USP, An 32 USP = An
MOVEA An, USP 32 An = USP
MOVE from CCR, <ea> 16 CCR = Destination
CCR
MOVE to CCR | <ea>, CCR 16 Source = CCR
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Table 3-2 Instruction Set Summary (Continued)

. Operand Operand o
Instruction Syntax Size Description
MOVE from o
SRY SR, <ea> 16 SR = Destination
MOVE to SR! <ea>, SR 16 Source = SR
1 USP, An 32 USP = An
MOVE USP An, USP 32 An = USP
1 Rc, Rn 32 Rc = Rn
MOVEC Rn, Rc 32 Rn = Rc
MOVEM list, <ea> 16, 32 Listed registers = Destination
<ea>, list 16, 32 = 32 | Source = Listed registers
Dn[31:24] = (An+d); Dn[23:16] = (An+d + 2);
Dn, (d16, An) Dn[15:8] = (An+d+4);Dn[7:0] = (An+d + 6)
MOVEP 16, 32
(An+d) = Dn[31: 24]; (An+d+2) = Dn [23: 16];
(d16, An), Bn (An+d+4) = Dn[15:8]; (An+d +6) = Dn [7 : 0]
MOVEQ #<data>, Dn 8=232 Immediate data = Destination
Rn, <ea> Rn = Destination using DFC
1 3y
MOVES <ea>, Rn 8,16, 32 Source using SFC = Rn
<ea>, Dn 16 * 16 = 32 N L
MULS/MULU | <ea> DI |32%32= 32 (Ss?ur:ZZ ’;Pf::l”z‘gg? = Destination
<ea>, Dh: DI | 32 32 = 64 | 9 9
NBCD <ea> g 0 — Destination;g — 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
<ea>, Dn 8, 16, 32 L L
OR Dn, <ea> 8 16, 32 Source + Destination = Destination
ORI #<data>, 8, 16, 32 Data + Destination = Destination
<ea>
ORItoCCR | <data>, 16 Source + CCR = SR
CCR
ORI to SR! #<data>, SR 16 Source ; SR = SR
PEA <ea> 32 SP -4 = SP; <ea> = SP
RESET! none none Assert RESET line
Dn, Dn 8, 16, 32
ROL #<data>, Dn 8, 16, 32 I:C B - 1
<ea> 16 ‘ | |
Dn, Dn 8, 16, 32
ROR #<data>, Dn 8, 16, 32 [ | > C |
<ea> 16 1 1 1
Dn, Dn 8, 16, 32
ROXL #<data>, Dn 8, 16, 32 "J
<ea> 16 |C|<’|' |' |x
Dn, Dn 8, 16, 32
ROXR #<data>, Dn 8, 16, 32 L’I | | |
<ea> 16 X ‘>| ¢ |
RTD #d 16 (SP)=>PC;SP+4+d=SP
MC68F375 CENTRAL PROCESSOR UNIT MOTOROLA
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Table 3-2 Instruction Set Summary (Continued)

. Operand Operand o
Instruction Syntax Size Description
(SP) = SR; SP + 2 = SP; (SP) = PC;
RTE! none none SP + 4 = SP;
Restore stack according to format
(SP) = CCR; SP + 2 = SP; (SP) = PC;
RTR none none SP +4— SP
RTS none none (SP) = PC; SP +4 = SP
Dn, Dn 8 L. L
SBCD — (An). - (An) 8 Destination10 — Sourcel0 — X = Destination
If condition true, then destination bits are set to one;
Scc <ea> 8 L .
else, destination bits are cleared to zero
sToP! #<data> 16 Data = SR; STOP
SUB <ea>, Dn 8, 16, 32 Destination — Source = Destination
Dn, <ea>
SUBA <ea>, An 16, 32 Destination — Source = Destination
SUBI f<data>, 8, 16, 32 Destination — Data = Destination
<ea>
SUBQ #<<de§2>’ 8, 16, 32 Destination — Data = Destination
Dn, Dn 8, 16, 32 L L
SUBX — (An), - (An) 8 16, 32 Destination — Source — X = Destination
SWAP Dn 16
TAS <ea> 8 Dest!nat!on Tested Condition Codes hit 7 of
Destination
<ea>, Dn Dyn — Dym = Temp
TBLS/TBLU Dym : Dyn, 8, 16, 32 (Temp = Dn [7 : O]) = Temp
Dn (Dym * 256) + Temp = Dn
<ea>, Dn Dyn — Dym = Temp
TBLSN/TBLUN | Dym : Dyn, 8,16,32 |(Temp=Dn{7:0])/256 = Temp
Dn Dym + Temp = Dn
SSP - 2 = SSP; format/vector offset = (SSP);
TRAP #<data> none SSP - 4 = SSP; PC = (SSP); SR = (SSP);
vector address = PC
none none .
TRAPcc #<data> 16, 32 If cc true, then TRAP exception
TRAPV none none If V set, then overflow TRAP exception
TST <ea> 8, 16, 32 Source — 0, to set condition codes
UNLK An 32 An = SP; (SP) = An, SP +4 = SP
NOTES:

1. Privileged instruction.
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3.8.1 M68000 Family Compatibility
It is the philosophy of the M68000 family that all user-mode programs can execute | T'

unchanged on future derivatives of the M68000 family. Supervisor-mode programs
and exception handlers should require only minimal alteration.

The CPU32 can be thought of as an intermediate member of the M68000 Family.
Object code from an MC68000 or MC68010 may be executed on the CPU32. Many of
the instruction and addressing mode extensions of the MC68020 are also supported.
Refer to the CPU32 Reference Manual (CPU32RM/AD) for a detailed comparison of
the CPU32 and MC68020 instruction set.

3.8.2 Special Control Instructions

Low-power stop (LPSTOP) and table lookup and interpolate (TBL) instructions have
been added to the MC68000 instruction set for use in controller applications.

3.8.2.1 Low-Power Stop (LPSTOP)

In applications where power consumption is a consideration, the CPU32 forces the
device into a low-power standby mode when immediate processing is not required.
The low-power stop mode is entered by executing the LPSTOP instruction. The pro-
cessor remains in this mode until an unmasked interrupt or reset occurs.

3.8.2.2 Table Lookup and Interpolate (TBL)

To maximize throughput for real-time applications, reference data is often precalcu-
lated and stored in memory for quick access. Storage of many data points can require
an inordinate amount of memory. The table lookup instruction requires that only a
sample of data points be stored, reducing memory requirements. The TBL instruction
recovers intermediate values using linear interpolation. Results can be rounded with a
round-to-nearest algorithm.

3.8.2.3 Loop Mode Instruction Execution

The CPU32 has several features that provide efficient execution of program loops.
One of these features is the DBcc looping primitive instruction. To increase the perfor-
mance of the CPU32, a loop mode has been added to the processor. The loop mode
is used by any single word instruction that does not change the program flow. Loop
mode is implemented in conjunction with the DBcc instruction. Figure 3-7 shows the
required form of an instruction loop for the processor to enter loop mode.
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ONE WORD INSTRUCTION |

DBCC

DBCC DISPLACEMENT
OXFFFC = — 4

1126A

Figure 3-7 Loop Mode Instruction Sequence

The loop mode is entered when the DBcc instruction is executed, and the loop dis-
placement is —4. Once in loop mode, the processor performs only the data cycles
associated with the instruction and suppresses all instruction fetches. The termination
condition and count are checked after each execution of the data operations of the
looped instruction. The CPU32 automatically exits the loop mode on interrupts or other
exceptions. All single word instructions that do not cause a change of flow can be
looped.

3.9 Exception Processing

An exception is a special condition that preempts normal processing. Exception pro-
cessing is the transition from normal mode program execution to execution of a routine
that deals with an exception.

3.9.1 Exception Vectors

An exception vector is the address of a routine that handles an exception. The vector
base register (VBR) contains the base address of a 1024-byte exception vector table
which consists of 256 exception vectors. Sixty-four vectors are defined by the
processor and 192 vectors are reserved for user definition as interrupt vectors. Except
for the reset vector each vector in the table is one long word in length. The reset vector
is two long words in length. Refer to Table 3-3 for information on vector assignment.

CAUTION

Because there is no protection on the 64 processor-defined vectors,
external devices can access vectors reserved for internal purposes.
This practice is strongly discouraged.

All exception vectors, except the reset vector and stack pointer, are located in super-
visor data space. The reset vector and stack pointer are located in supervisor program
space. Only the initial reset vector and stack pointer are fixed in the processor memory
map. When initialization is complete, there are no fixed assignments. Since the VBR
stores the vector table base address, the table can be located anywhere in memory.
It can also be dynamically relocated for each task executed by an operating system.

MC68F375 CENTRAL PROCESSOR UNIT MOTOROLA
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Table 3-3 Exception Vector Assignments

Vector Vector Offset ;
Number Dec Hex Space Assignment
0 000 SP Reset: initial stack pointer
1 004 SP Reset: initial program counter
2 008 SD Bus error
3 12 oocC SD Address error
4 16 010 SD lllegal instruction
5 20 014 SD Zero division
6 24 018 SD CHK, CHK2 instructions
7 28 01cC SD TRAPcc, TRAPV instructions
8 32 020 SD Privilege violation
9 36 024 SD Trace
10 40 028 SD Line 1010 emulator
11 44 02C SD Line 1111 emulator
12 48 030 SD Hardware breakpoint
13 52 034 SD (Reserved, coprocessor protocol violation)
14 56 038 SD Format error and uninitialized interrupt
15 60 03C SD Format error and uninitialized interrupt
16-23 gg (())g((_): SD (Unassigned, reserved)
24 96 060 SD Spurious interrupt
25 100 064 SD Level 1 interrupt autovector
26 104 068 SD Level 2 interrupt autovector
27 108 06C SD Level 3 interrupt autovector
28 112 070 SD Level 4 interrupt autovector
29 116 074 SD Level 5 interrupt autovector
30 120 078 SD Level 6 interrupt autovector
31 124 07C SD Level 7 interrupt autovector
32-47 igg ggg SD Trap instruction vectors (0-15)
48-58 ;g; 8(E:(8) SD (Reserved, coprocessor)
59-63 ;22 (())Eg SD (Unassigned, reserved)
64—255 1205260 ;f:)g SD User defined vectors (192)

Each vector is assigned an 8-bit number. Vector numbers for some exceptions are
obtained from an external device; others are supplied by the processor. The processor
multiplies the vector number by four to calculate vector offset, then adds the offset to
the contents of the VBR. The sum is the memory address of the vector.
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3.9.2 Types of Exceptions
An exception can be caused by internal or external events.

An internal exception can be generated by an instruction or by an error. The TRAP,
TRAPcc, TRAPV, BKPT, CHK, CHK2, RTE, and DIV instructions can cause excep-
tions during normal execution. lllegal instructions, instruction fetches from odd
addresses, word or long-word operand accesses from odd addresses, and privilege
violations also cause internal exceptions.

Sources of external exception include interrupts, breakpoints, bus errors, and reset
requests. Interrupts are peripheral device requests for processor action. Breakpoints
are used to support development equipment. Bus error and reset are used for access
control and processor restart.

3.9.3 Exception Processing Sequence

For all exceptions other than a reset exception, exception processing occurs in the fol-
lowing sequence. Refer to 4.7 Reset for details of reset processing.

As exception processing begins, the processor makes an internal copy of the status
register. After the copy is made, the processor state bits in the status register are
changed — the S bit is set, establishing supervisor access level, and bits T1 and TO
are cleared, disabling tracing. For reset and interrupt exceptions, the interrupt priority
mask is also updated.

Next, the exception number is obtained. For interrupts, the number is fetched from
CPU space OxF (the bus cycle is an interrupt acknowledge). For all other exceptions,
internal logic provides a vector number.

Next, current processor status is saved. An exception stack frame is created and
placed on the supervisor stack. All stack frames contain copies of the status register
and the program counter for use by RTE. The type of exception and the context in
which the exception occurs determine what other information is stored in the stack
frame.

Finally, the processor prepares to resume normal execution of instructions. The
exception vector offset is determined by multiplying the vector number by four, and the
offset is added to the contents of the VBR to determine displacement into the excep-
tion vector table. The exception vector is loaded into the program counter. If no other
exception is pending, the processor will resume normal execution at the new address
in the PC.

3.10 Development Support

The following features have been implemented on the CPU32 to enhance the instru-
mentation and development environment:

» M68000 Family Development Support
» Background Debug Mode
* Deterministic Opcode Tracking

MC68F375 CENTRAL PROCESSOR UNIT MOTOROLA
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» Hardware Breakpoints
| Tl

3.10.1 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, 0x4848—
0x484F, to serve as breakpoint instructions.

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

3.10.2 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 3-8), emulator hardware replaces the target system processor.
A complex, expensive pod-and-cable interface provides a communication path
between 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 3-9)
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-fre-
guency operation, AC and DC parametric mismatches, and restrictions on cable
length) are minimized.
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TARGET
SYSTEM IN-CIRCUIT
EMULATOR
TARGET
MCU

1128A

Figure 3-8 Common In-Circuit Emulator Diagram

TARGET
SYSTEM

BUS STATE
ANALYZER

TARGET
MCU

1129A

Figure 3-9 Bus State Analyzer Configuration

3.10.3 Enabling BDM

Accidentally entering BDM in a non-development environment can lock up the CPU32
when the serial command interface is not available. For this reason, BDM is enabled
during reset via the breakpoint (BKPT) signal.

BDM operation is enabled when BKPT is asserted (low) at the rising edge of RESET.
BDM remains enabled until the next system reset. A high BKPT signal on the trailing
edge of RESET disables BDM. BKPT is latched again on each rising transition of
RESET. BKPT is synchronized internally, and must be held low for at least two clock
cycles prior to negation of RESET.

BDM enable logic must be designed with special care. If hold time on BKPT (after the
trailing edge of RESET) extends into the first bus cycle following reset, the bus cycle
could inadvertently be tagged with a breakpoint. Refer to the SCIM Reference Manual
(SCIMRM/AD) for timing information.

3.10.4 BDM Sources

Once BDM is enabled, any of several sources can cause the transition from normal
mode to BDM. These sources include external breakpoint hardware, the BGND
instruction, a double bus fault, and internal peripheral breakpoints. If BDM is not
enabled when an exception condition occurs, the exception is processed normally.
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Table 3-4 summarizes the processing of each source for both enabled and disabled
cases. As shown in Table 3-4, the BKPT instruction never causes a transition into
BDM.

Table 3-4 BDM Source Summary

Source BDM Enabled BDM Disabled
BKPT Background Breakpoint Exception
Double Bus Fault Background Halted
BGND Instruction Background lllegal Instruction
BRPT nswucion | Ofeode Subsiiton | Opeode Sbeutton

3.10.4.1 External BKPT Signal

Once enabled, BDM is initiated whenever assertion of BKPT is acknowledged. If BDM
is disabled, a breakpoint exception (vector 0x0C) is acknowledged. The BKPT input
has the same timing relationship to the data strobe trailing edge as does read cycle
data. There is no breakpoint acknowledge bus cycle when BDM is entered.

3.10.4.2 BGND Instruction

An illegal instruction, Ox4AFA, is reserved for use by development tools. The CPU32
defines Ox4AFA (BGND) to be a BDM entry point when BDM is enabled. If BDM is
disabled, an illegal instruction trap is acknowledged.

3.10.4.3 Double Bus Fault

The CPU32 normally treats a double bus fault, (an exception that occurs while stack-
ing for another exception) as a catastrophic system error and halts. When this
condition occurs during initial system debug (a fault in the reset logic), further debug-
ging is impossible until the problem is corrected. In BDM, the fault can be temporarily
bypassed, so that the origin of the fault can be isolated and eliminated.

3.10.4.4 Peripheral Breakpoints

CPU32 peripheral breakpoints are implemented in the same way as external break-
points — peripherals request breakpoints by asserting the BKPT signal. Consult the
appropriate peripheral user's manual for additional details on the generation of
peripheral breakpoints.

3.10.5 Entering BDM

When the processor detects a breakpoint or a double bus fault, or decodes a BGND
instruction, it suspends instruction execution and asserts the FREEZE output. This is
the first indication that the processor has entered BDM. Once FREEZE has been
asserted, the CPU enables the serial communication hardware and awaits a
command.
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The CPU writes a unique value indicating the source of BDM transition into temporary
register A (ATEMP) as part of the process of entering BDM. A user can poll ATEMP
and determine the source (refer to Table 3-5) by issuing a read system register com-
mand (RSREG). ATEMP is used in most debugger commands for temporary storage.
It is imperative that the RSREG command be the first command issued after transition
into BDM.

Table 3-5 Polling the BDM Entry Source

Source ATEMP[31:16] ATEMP[15:0]
Double Bus Fault sswit OXFFFF
BGND Instruction 0x0000 0x0001
Hardware Breakpoint 0x0000 0x0000
NOTES:

1. Special status word (SSW) is described in detail in the CPU32 Reference
Manual (CPU32RM/AD).

A double bus fault during initial stack pointer/program counter (SP/PC) fetch sequence
is distinguished by a value of OXFFFFFFFF in the current instruction PC. At no other
time will the processor write an odd value into this register.

3.10.6 BDM Commands

BDM commands consist of one 16-bit operation word and can include one or more 16-
bit extension words. Each incoming word is read as it is assembled by the serial inter-
face. The microcode routine corresponding to a command is executed as soon as the
command is complete. Result operands are loaded into the output shift register to be
shifted out as the next command is read. This process is repeated for each command
until the CPU returns to normal operating mode. Table 3-6 is a summary of back-
ground mode commands.

MC68F375 CENTRAL PROCESSOR UNIT MOTOROLA
REFERENCE MANUAL For More Inf5Pmatibil'®R>This Product, 3-22

Go to: www.freescale.com



Freescale Semiconductor, Inc.

Table 3-6 Background Mode Command Summary

Command Mnemonic Description

Read the selected address or data register and return the

Read D/A Register RDREG/RAREG . L
results via the serial interface.

The data operand is written to the specified address or data

Write D/A Register WDREG/WAREG :
register.

The specified system control register is read. All registers that
Read System Register RSREG can be read in supervisor mode can be read in background
mode.

The operand data is written into the specified system control

Write System Register WSREG :
register.

Read the sized data at the memory location specified by the
Read Memory Location READ long-word address. The source function code register (SFC)
determines the address space accessed.

Write the operand data to the memory location specified by the
Write Memory Location WRITE long-word address. The destination function code (DFC) reg-
ister determines the address space accessed.

Used in conjunction with the READ command to dump large
blocks of memory. An initial READ is executed to set up the
starting address of the block and retrieve the first result. Sub-
sequent operands are retrieved with the DUMP command.

Dump Memory Block DUMP

Used in conjunction with the WRITE command to fill large
blocks of memory. An initial WRITE is executed to set up the
starting address of the block and supply the first operand. Sub-
sequent operands are written with the FILL command.

Fill Memory Block FILL

The pipe is flushed and re-filled before resuming instruction

Resume Execution GO execution at the current PC.

Current program counter is stacked at the location of the cur-
Patch User Code CALL rent stack pointer. Instruction execution begins at user patch
code.

Asserts RESET for 512 clock cycles. The CPU is not reset by
this command. Synonymous with the CPU RESET instruction.

Reset Peripherals RST

NOP performs no operation and may be used as a null com-

No Operation NOP
mand.

3.10.7 Background Mode Registers

BDM processing uses three special purpose registers to keep track of program context
during development. A description of each follows.

3.10.7.1 Fault Address Register (FAR)

The FAR contains the address of the faulting bus cycle immediately following a bus or
address error. This address remains available until overwritten by a subsequent bus
cycle. Following a double bus fault, the FAR contains the address of the last bus cycle.
The address of the first fault (if there was one) is not visible to the user.

3.10.7.2 Return Program Counter (RPC)

The RPC points to the location where fetching will commence after transition from
background mode to normal mode. This register should be accessed to change the
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flow of a program under development. Changing the RPC to an odd value will cause
an address error when normal mode prefetching begins.

3.10.7.3 Current Instruction Program Counter (PCC)

The PCC holds a pointer to the first word of the last instruction executed prior to tran-
sition into background mode. Due to instruction pipelining, the instruction pointed to
may not be the instruction which caused the transition. An example is a breakpoint on
a released write. The bus cycle may overlap as many as two subsequent instructions
before stalling the instruction sequencer. A breakpoint asserted during this cycle will
not be acknowledged until the end of the instruction executing at completion of the bus
cycle. PCC will contain 0x00000001 if BDM is entered via a double bus fault immedi-
ately out of reset.

3.10.8 Returning from BDM

BDM is terminated when a resume execution (GO) or call user code (CALL) command
is received. Both GO and CALL flush the instruction pipeline and refetch instructions
from the location pointed to by the RPC.

The return PC and the memory space referred to by the status register SUPV bit reflect
any changes made during BDM. FREEZE is negated prior to initiating the first pre-
fetch. Upon negation of FREEZE, the serial subsystem is disabled, and the signals
revert to IPIPE/IFETCH functionality.

3.10.9 Serial Interface
Communication with the CPU32 during BDM occurs via a dedicated serial interface,
which shares pins with other development features. Figure 3-10 is a block diagram of

the interface. The BKPT signal becomes the serial clock (DSCLK); serial input data
(DSI)) is received on IFETCH, and serial output data (DSO) is transmitted on IPIPE.
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32 DEBUG I/0 BLOCK

Figure 3-10 Debug Serial 1/0 Block Diagram

The serial interface uses a full-duplex synchronous protocol similar to the serial periph-
eral interface (SPI) protocol. The development system serves as the master of the
serial link since it is responsible for the generation of DSCLK. If DSCLK is derived from
the CPU32 system clock, development system serial logic is unhindered by the oper-
ating frequency of the target processor. Operable frequency range of the serial clock
is from DC to one-half the processor system clock frequency.

The serial interface operates in full-duplex mode — data is transmitted and received
simultaneously by both master and slave devices. In general, data transitions occur on
the falling edge of DSCLK and are stable by the following rising edge of DSCLK. Data
is transmitted MSB first, and is latched on the rising edge of DSCLK.

The serial data word is 17 bits wide, including 16 data bits and a status/control bit (refer
to Figure 3-11). Bit 16 indicates the status of CPU-generated messages. Table 3-7
shows the CPU-generated message types.
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16 15 0
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T
STATUS CONTROL BIT

BDM SERIAL DATA WORD

Figure 3-11 BDM Serial Data Word

Table 3-7 CPU Generated Message Encoding

Bit 16 Data Message Type
0 XXXX Valid data transfer
0 FFFF Command complete; Status OK
1 0000 Not ready with response; Come again
1 0001 BERR terminated bus cycle; Data invalid
1 FFFF lllegal command

Command and data transfers initiated by the development system should clear bit 16.
The current implementation ignores this bit; however, Motorola reserves the right to
use this bit for future enhancements.

3.10.10 Recommended BDM Connection

In order to provide for use of development tools when an MCU is installed in a system,
Motorola recommends that appropriate signal lines be routed to a male Berg connec-

tor or double-row header installed on the circuit board with the MCU. Refer to Figure
3-12.

()

DS (10 02| BERR
GND |30 04| BKPT/DSCLK
GND |50 ©O6| FREEZE

RESET(70 O&8| IFETCH/DSI

Vpp |20 ©10] PIPE/DSO

32 BERG

Figure 3-12 BDM Connector Pinout

3.10.11 Deterministic Opcode Tracking

CPU32 function code outputs are augmented by two supplementary signals to monitor
the instruction pipeline. The instruction pipe (IPIPE) output indicates the start of each
new instruction and each mid-instruction pipeline advance. The instruction fetch
(IFETCH) output identifies the bus cycles in which the operand is loaded into the
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two signals allows a bus state analyzer to synchronize itself to the instruction stream

instruction pipeline. Pipeline flushes are also signaled with IFETCH. Monitoring these
| Tl
and monitor its activity.

3.10.12 On-Chip Breakpoint Hardware

An external breakpoint input and on-chip breakpoint hardware allow a breakpoint trap
on any memory access. Off-chip address comparators preclude breakpoints unless
show cycles are enabled. Breakpoints on instruction prefetches that are ultimately
flushed from the instruction pipeline are not acknowledged; operand breakpoints are
always acknowledged. Acknowledged breakpoints initiate exception processing at the
address in exception vector number 12, or alternately enter background mode.
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SECTION 4
SINGLE-CHIP INTEGRATION MODULE 2 (SCIMZ2E)

4.1 Overview

MC68F375 contains the single chip integration module 2 (SCIM2E). The SCIM2E con-
sists of several submodules:

» The system configuration block controls MCU configuration and operating mode.

» The system clock generates clock signals used by the SCIM2E, other IMB mod-
ules, and external devices. Circuitry is included to detect loss of the phase-locked
loop (PLL) reference frequency and to control clock operation in low power stop
mode.

» The system protection block provides bus and software watchdog monitors. It
also incorporates a periodic interrupt generator that supports execution of time-
critical control routines.

* The external bus interface (EBI) handles the transfer of information between the
CPU32 and external address space. Ports A, B, E, F, G, and H comprise the EBI
and may be used for discrete I/O subject to the MCU'’s operating mode.

* The chip-select block provides nine general-purpose chip-select signals and two
emulation support chip-select signals. Each general-purpose chip select has as-
sociated base address and option registers that control the programmable char-
acteristics of the chip select. Chip-select pins can also be used as general-
purpose output port C.

The MC68F375 SCIMZ2E includes improvements to the regular SCIM. This enhanced
SCIM includes improvements to the clock synthesizer. These changes are defined in

detail in 4.3.2 Clock Synthesizer Submodule. Please refer to the SCIM Reference
Manual (SCIMRM/AD) for more details on the characteristics of this module.

The SCIMZ2E has three basic operating modes:

* 16-bit expanded mode

* 8-bit expanded mode

* Single-chip mode
Operating mode is determined by the logic states of specific MCU pins during reset.
Refer to 4.7.8 Operating Configuration Out of Reset for more detailed information
on MCU operating modes.
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SYSTEM CONFIGURATION

————» XTAL
——— > CLKOUT
CLOCK SYNTHESIZER <« EXTAL
<«— MODCLK
«—— FASTREF

SYSTEM PROTECTION

CHIP SELECTS ) CHIP SELECTS

<:> EXTERNAL BUS
EXTERNAL BUS INTERFACE

<> RESET

-~
FACTORY TEST TSC

Figure 4-1 SCIM2E Block Diagram

4.2 System Configuration

The MCU can operate as a stand-alone device in single-chip mode or it can operate
with the support of external memory and/or peripheral devices in the 16-bit or 8-bit
expanded modes. System configuration is determined by asserting MCU pins during
reset and by setting bits in the SCIM2E module configuration register (SCIMMCR).

4.2.1 SCIM Module Configuration Register

——> FREEZE/QUOT

S(C)IM BLOCK

SCIMMCR — SCIM Module Configuration Register OxYF FAQO
MSB 14 13 12 1 10 9 8 7 6 5 4 3 2 1 5B
15 0

‘ EXOFF ‘FRZSW‘FRZBM‘CPUDl‘ 02 ‘SLOWE‘ SHEN ‘ SUPV ‘ MM ‘ ABD! ‘ RWD! ‘ IARB

RESET:
0 1 1 * 0 0 0 0 1 1 * * 1 1 1 1
NOTES:

1. Reset state is mode-dependent. Refer to the following bit descriptions.
2. Ensure that initialization software does not change this value (it should always read zero).
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Table 4-1 SCIMMCR Bit Descriptions

Bit(s) Name Description

External clock off.

15 EXOFF |0 = The CLKOUT pin is driven during normal operation.
1 = The CLKOUT pin is placed in a high-impedance state.

Freeze software enable. Enables or disables the software watchdog and periodic interrupt timer

14 FRZSW during background debug mode when FREEZE is asserted.
0 = Enables the software watchdog and periodic interrupt timer when FREEZE is asserted.

1 = Disables the software watchdog and periodic interrupt timer when FREEZE is asserted.

Freeze bus monitor enable.

13 FRZBM |0 = When FREEZE is asserted, the bus monitor continues to operate.
1 = When FREEZE is asserted, the bus monitor is disabled.

CPU development support disable. CPUD is cleared to zero when the MCU is in an expanded
mode, and set to one in single-chip mode.

12 CPUD . o ) ) )

0 = Instruction pipeline signals available on pins IPIPE and IFETCH.

1 = Pins IPIPE and IFETCH placed in high-impedance state unless a breakpoint occurs.
11 — Reserved

Slow mode enable. Control bit which forces pins on the chip to operate in fast mode regardless

10 SLOWE of how they are set up from the controlling module. Slow mode is enabled by setting this bit.
0 = Pins setup by the controlling module to operate in slow mode will operate in fast mode.

1 = Pins will operate at the normal speed controlled by the module.

Show cycle enable. The SHEN field determines how the external bus is driven during internal
transfer operations. A show cycle allows internal transfers to be monitored externally. Table 4-

98 SHEN 3 indicates whether show cycle data is driven externally, and whether external bus arbitration
can occur. To prevent bus conflict, external devices must not be selected during show cycles.
Supervisor/user data space. The SUPV bit places the SCIM2E global registers in either super-
visor or user data space.
7 SUPV

0 = Registers access controlled by the SUPV bit accessible in either supervisor or user mode.
1 = Registers access controlled by the SUPV bit restricted to supervisor access only.

Module mapping

6 MM 0 = Internal modules are addressed from 0x7FF000 — Ox7FFFFF.
1 = Internal modules are addressed from OxFFF000 — OXFFFFFF.

Address Bus Disable. ABD is cleared to zero when the MCU is in an expanded mode, and set
to one in single-chip mode. ABD can be written only once after reset.

5 ABD _
0 = Pins ADDRJ[2:0] operate normally.
1 = Pins ADDR[2:0] are disabled.
Read/write disable. RWD is cleared to zero when the MCU is in an expanded mode, and set to
4 RWD one in single-chip mode. RWD can be written only once after reset.

0 = R/W signal operates normally
1 = R/W signal placed in high-impedance state.

Each module that can generate interrupts, including the SCIM2E, has an IARB field. Each IARB
field can be assigned a value from 0x0 to OxF. During an interrupt acknowledge cycle, IARB per-
3.0 IARB mits arbitration among simultaneous interrupts of the same priority level. The reset value of the
SCIM2 IARB field is OxF, the highest priority. This prevents SCIM2 interrupts from being discard-
ed during system initialization.

The SCIMMCR register controls the system configuration. SCIMMCR can be read or
written at any time, except for the module mapping (MM) bit, which can only be written
once after reset, and the reserved bit, which is read-only. Writes have no effect.

MC68F375 SINGLE-CHIP INTEGRATION MODULE 2 (SCIM2E) MOTOROLA

REFERENCE MANUAL For More Infs?matidH'®R3This Product, 4-3
Go to: www.freescale.com




Freescale Semiconductor, Inc.

4.2.2 Module Mapping
Control registers for all the modules in the microcontroller are mapped into a 4-Kbyte | T'
block. The state of the module mapping (MM) bit in SCIMMCR determines where the
control register block is located in the system memory map. When MM = 0, register
addresses range from 0x7FF000 to Ox7FFFFF; when MM = 1, register addresses
range from OXFFF00O0 to OXFFFFFF.

For CPU16 devices, the MM bit must be a logical in order for the internal registers to
be available. The MM bit is a write-once bit. Writing the M bit to a logic 0 will make the
internal registers unavailable until a system reset occurs.

4.2.3 Interrupt Arbitration

Each module that can request interrupts has an interrupt arbitration (IARB) field. Arbi-
tration between interrupt requests of the same priority is performed by serial
contention between IARB field bit values. Contention will take place whenever an inter-
rupt request is acknowledged, even when there is only a single request pending. For
an interrupt to be serviced, the appropriate IARB field must have a non-zero value. If
an interrupt request from a module with an IARB field value of 0b000O is recognized,
the CPU32 will start to process the interrupt. The CPU will attempt to run and IACK
cycle. Because the IARB values of the interrupting module is 0b0000, the module can-
not cause the termination of the IACK cycle. In this case, the IACK cycle can only be
terminated by an external DSACK, a software watchdog timeout or a bus error. If the
IACK cycle is terminated by BERR, a spurious interrupt exception is taken.

Because the SCIM2E routes external interrupt requests to the CPU32, the SCIM2E
IARB field value is used for external interrupts. The reset value of IARB for the
SCIMZ2E is Ob1111. The reset IARB value for all other modules is 0b0000. This pre-
vents SCIM2E interrupts from being discarded during initialization. Refer to 4.8
Interrupts for a discussion of interrupt arbitration.

4.2.4 Noise Reduction in Single-Chip Mode

Four bits in SCIMMCR control pins that can be disabled in single-chip mode to reduce
MCU noise emissions. The characteristics of these control bits are listed in Table 4-2.
Except for EXOFF, these bits disable their associated pins when the MCU is config-
ured for single-chip mode (BERR = 0 during reset).

Table 4-2 SCIMMCR Noise Control Bits

Bit Position in .
T SCIMMCR Function Reset State
EXOFF 15 Disables CLKOUT when set to one. 0
CPUD 12 Disables IPIPE/DSO and IFETCH/DSI pins when set to one.
- - Inverted state of
ABD 5 Disables AD_DR[Z.O] when set to one. the BERR pin
RWD 4 Disables R/W when set to one.
MC68F375 SINGLE-CHIP INTEGRATION MODULE 2 (SCIM2E) MOTOROLA
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EXOFF disables the CLKOUT external clock output pin by placing the pin in a high-
impedance state. CLKOUT is enabled at power-up unless explicitly disabled by writing
a zero to EXOFF.

CPUD disables the IPIPE/DSO and IFETCH/DSI instruction tracking pins by placing
them in a high-impedance state when the MCU is not in background debug mode
(BDM). When the MCU enters BDM and FREEZE is asserted, IPIPE/DSO and
IFETCH/DSI become active and serve as the BDM serial I/O lines.

ABD and RWD disable the ADDR[2:0] and R/IW pins by placing them in a high-imped-
ance state. These pins should be disabled because they cannot be used for discrete
I/O and have no use in single-chip mode.

4.2.5 Show Internal Cycles

A show cycle allows internal bus transfers to be monitored externally. The SHEN field
in SCIMMCR determines what the external data bus interface does during internal
transfer operations. Table 4-3 shows whether data is driven externally, and whether
external bus arbitration can occur. The external address bus is always driven. Refer to
4.6.6.1 Show Cycles for more information.

Table 4-3 Show Cycle Enable Bits

SHEN[1:0] Effect
00 Show cycles disabled, external arbitration enabled
01 Show cycles enabled, external arbitration disabled
10 Show cycles enabled, external arbitration enabled
11 _Show cycle_s_en_abled, external arbitration enabled;
internal activity is halted by a bus grant

4.2.6 FREEZE Assertion Response

When the CPU32 enters background debug mode, the IMB FREEZE signal is
asserted. The FRZ[1:0] bits in SCIMMCR control the behavior of the software watch-
dog, periodic interrupt timer, and bus monitor in response to FREEZE assertion. By
default, these protection mechanisms are disabled in BDM; they can be selectively
enabled by the FRZ[1:0] bits as shown in Table 4-4.

Table 4-4 Effects of FREEZE Assertion

FRZ[1:0] Disabled Elements
0 0 None
0 1 Bus monitor
1 0 Software watchdog and periodic interrupt timer
1 1 Both
MC68F375 SINGLE-CHIP INTEGRATION MODULE 2 (SCIM2E) MOTOROLA
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4.3 System Clock

The system clock in the SCIM2E provides timing signals for IMB modules and the
external bus interface. MC68F375 MCUs are fully static MCU designs; register and
memory contents are not affected by clock rate changes. System hardware and soft-
ware support clock rate changes during operation.

CAUTION

The SCIM2E system clock is different from the SCIM. Do not refer to
SCIM documentation for SCIM2E clock information.

4.3.1 System Clock Sources

The system clock signal can be generated from one of three sources. An internal
phase-locked loop (PLL) can synthesize the clock from either a slow or fast reference.
The clock signal can also be input directly from an external 2X frequency source.

The slow reference is typically a 32.768 KHz crystal; the fast reference is typically a
4 MHz crystal. The slow and fast references may be provided by sources other than a
crystal. Keep these clock sources in mind while reading the rest of this section.

The system clock source is determined upon RESET assertion by the state of the
Vppsyn/MODCLK and FASTREF/PFO pins. In addition to selecting the system clock
source, these pins govern the functionality of the W, X, and Y bits in the synthesizer
control register (SYNCR) and the equation that determines the MCU operating fre-
quency. Table 4-5 summarizes system clock source information. For more
information, see 4.3.6 Clock Synthesizer Control Register.

Table 4-5 System Clock Sources

SYNCR W/X/Y Bit .
Vppsyn/ | FASTREF/ Clock Mode MCU Operating

Assignments and .
MODCLK PFO Reset Values Frequency Equation

f

W : has no effect Tef
0 X1 External Clock X=0b1 : Divider foys = — 2 forv<7
Y[2:0] = 0b00O : Divider 2-x)2")

W = 0b0 : Multiplier
1 0 Slow Reference X =0b0 : Divider fSys = 4fref(Y +1)(2
Y[5:0] = 0b11111 : Multiplier

(@W+X)

W[2:0] = 0b011 : Multiplier f o fref(W+1) oy <7
1 1 Fast Reference X = 0bO : Divider sys = Ty jorys
Y[2:0] = Ob111 : Divider (2=X)(2")
NOTES:

1. In external clock mode, the FASTREF/PFO pin has no effect on clock operation.

The parameter “freg” refers to the frequency of the clock source connected to the
EXTAL pin. The parameter “fgyg” refers to the operating frequency of the MCU and
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has a defined relationship to frgg that depends on the clock mode selected during
reset.

4.3.2 Clock Synthesizer Submodule

The MC68F375 contains an improved version of the clock synthesizer subsystem. The
new architecture accommodates both slow or fast crystal references, see 4.3.1 Sys-
tem Clock Sources. Range of operation and power consumption were taken into
consideration when this new architecture was defined. Compatibility with the previous
architecture has been retained when possible.

In general, the improvements fall into four basic categories as follows:

 Configurable PLL for optimization of divider chain based on mode of operation;
* Improved loss-of-clock circuitry based on an independent RC oscillator;
 Improved lock detect circuitry;

* Improved noise immunity by the addition of a Vgggyy PIN.

There are three modes for generating the system clock for the MCU. The system clock
may be driven directly into the EXTAL pin (external clock mode), it may be generated
on-chip by a phase locked loop (PLL) frequency synthesizer using either a slow or fast
reference mode. For modes using the PLL, a lock detect circuit detects that the PLL is
on frequency and sets a register flag. The PLL mode is determined at reset and
behaves according to Table 4-5. The source of the system clock is determined at reset
by the state of the FASTREF/PFO and Vppsyn/MODCK pins. To enable external clock
mode, the Vppsyn/MODCK pin must be tied directly to Vgg at all times

The MC68F375’s clock architecture supports the three modes of operation by option-
ally reconfiguring the number and location of the W bit and Y bit divider stages. In slow
reference mode, one W bit and six Y bits are located in the PLL feedback path,
enabling frequency multiplication by a factor of up to 2048. The X bit is located in the
VCO clock output path to enable dividing the system clock frequency by two without
disturbing the VCO and thus requiring re-lock. In fast reference mode, three W bits are
located in the PLL feedback path, enabling frequency multiplication by a factor from 1
to 8. Three Y bits and the X bit are located in the VCO clock output path to provide the
ability to slow the system clock without disturbing the PLL. In external clock mode,
three Y bits and the X bit are located between the EXTAL input and the system clock,
to allow slowing the clock for reduced power consumption. Refer to Figure 4-4, Figure
4-3, and Figure 4-2 for block diagrams of the architecture in these modes. The reset
value of the W, X and Y bits are determined by the clock mode as shown in Table 4-6.

NOTE

The crystal oscillator and frequency synthesizer circuits are powered
from a separate power pin pair (Vppsyn and Vgssyy) to allow the
oscillator to continue to run when the rest of the chip is powered
down. This allows avoidance of crystal start-up time. Separate sup-
plies also help improve noise immunity.
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The filter for both PLL modes consists of resistor R1 connected in series with capacitor
C1. This combination is connected between Vppgyy and XFC. A second capacitor,
C2, is also connected between Vppgyy and XFC.

The following sections describe the clock sub-module in detail. One rule applies to all
modes of operation — the actual VCO core frequency must stay at or below two times
the maximum allowable system clock frequency. When changing frequencies, ensure
that the values written to the W, X, and Y bits do not select VCO core frequencies
above that value. If a system clock frequency is to be changed with multiple writes to
SYNCR, the write sequences should select lower VCO core frequencies first, and the
higher VCO core frequencies last unless it is certain the write sequence will not result
in VCO core frequencies above the maximum allowable system clock frequency.

4.3.3 Slow Reference Mode

In slow reference mode, the system clock is generated by the PLL typically from a
32.768-KHz reference. The frequency of the system clock is controlled by program-
ming the X, Y, and W bits according to Table 4-6.

The W bit is in the feedback path of the VCO. When clear, this bit multiplies the refer-
ence frequency by two, and when set, by eight. This bit is clear at reset.

The Y bit divider is a 6-bit modulo counter which can multiply the reference input fre-
quency by up to 256, providing a large number of programmable system clock
frequencies. The Y bits are all set to one at reset, providing the highest frequency sys-
tem clock for a given combination of X and W bits.

The X bit is in the output path of the VCO. It may be used to divide the system clock
by two when clear and pass it without dividing when set. At reset, this bitis cleared to O.

In slow reference mode, the W and Y bits are both in the feedback path of the PLL.
Changing the value of these bits requires the PLL to relock (with some delay) at the
new frequency. Changing the X bit, however, will change the system clock frequency
without having to wait for the PLL to relock.

Note that for slow reference mode, the crystal is not constrained to be 32.768 KHz but
must be in the range of 25 KHz to 50 KHz to ensure that the on-chip crystal oscillator
will work.
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Figure 4-2 Slow Reference Mode

Figure 4-2 depicts the architecture of the system clock generation circuitry when in
this mode. Table 4-6 gives the range of system clock frequencies which may be gen-
erated using a 32.768-KHz crystal in this mode. The frequency representing the reset
configuration is shaded. Configurations of the PLL in which the system clock or the
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VCO core frequency can exceed maximum frequency specification are not supported
and are left blank, as a reminder, in the table for frequencies above 25 MHz. Select
operating frequencies from the table which do not violate the maximum system clock
frequency specification.

Table 4-6 CLKOUT Frequency: Slow Reference; 32.768 KHz Reference

(b?:s) Weol | weor |X=0.W=1l|X=1, w=12 (b?:s) ded | we | o | ook
0=000000 131,072 262,144 524,288 1,048,576 32=100000|| 4,325,376 | 8,650,752
1=000001 262,144 524,288 1,048,576 2,097,152 33=100001 || 4,456,448 | 8,912,896
2=000010 393,216 786,432 1,572,864 3,145,728 34=100010|| 4,587,520 | 9,175,040
3=000011 524,288 1,048,576 | 2,097,152 4,194,304 35=100011|| 4,718,592 | 9,437,184
4=000100 || 655,360 | 1,310,720 | 2,621,440 5,242,880 36=100100 (| 4,849,664 | 9,699,328
5=000101 786,432 1,572,864 | 3,145,728 6,291,456 37=100101|| 4,980,736 | 9,961,472
6=000110 917,504 1,835,008 | 3,670,016 7,340,032 38=100110|| 5,111,808 | 10,223,616
7=000111 || 1,048,576 | 2,097,152 | 4,194,304 8,388,608 39=100111|| 5,242,880 | 10,485,760
8=001000 (| 1,179,648 | 2,359,296 | 4,718,592 9,437,184 40=101000|| 5,373,952 | 10,747,904
9=001001 || 1,310,720 | 2,621,440 | 5,242,880 | 10,485,760 41=101001|| 5,505,024 | 11,010,048
10=001010]| 1,441,792 | 2,883,584 | 5,767,168 | 11,534,336 42=101010(| 5,636,096 |11,272,192
11=001011(| 1,572,864 | 3,145,728 | 6,291,456 | 12,582,912 43=101011|| 5,767,168 | 11,534,336
12=001100|(( 1,703,936 | 3,407,872 | 6,815,744 | 13,631,488 44=101100|| 5,898,240 | 11,796,480
13=001101|| 1,835,008 | 3,670,016 | 7,340,032 | 14,680,064 45=101101{| 6,029,312 | 12,058,624
14=001110(( 1,966,080 | 3,932,160 | 7,864,320 | 15,728,640 46=101110|| 6,160,384 | 12,320,768
15=001111(( 2,097,152 | 4,194,304 | 8,388,608 | 16,777,216 47=101111|| 6,291,456 |12,582,912
16=010000 || 2,228,224 | 4,456,448 | 8,912,8963 |17,825,7923 | |48=110000|| 6,422,528 |12,845,056
17=010001|| 2,359,296 | 4,718,592 | 9437,1843 | 18,874,3683 | | 49=110001 || 6,553,600 | 13,107,200
18=010010|| 2,490,368 | 4,980,736 | 9,961,4723 | 19,922,9443 | | 50=110010|| 6,684,672 | 13,369,344
19=010011|| 2,621,440 | 5,242,880 | 10,485,7603 | 20,971,5203 | | 51=110011|| 6,815,744 | 13,631,488
20=010100|| 2,752,512 | 5,505,024 | 11,010,048 | 22,020,096* 52=110100|| 6,946,816 | 13,893,632
21=010101|| 2,883,584 | 5,767,168 | 11,534,336% | 23,068,672* 53=110101|| 7,077,888 | 14,155,776
22=010110|| 3,014,656 | 6,029,312 | 12,058,624* | 24,117,248* | | 54=110110{| 7,208,960 | 14,417,920
23=010111|| 3,145,728 | 6,291,456 | 12,582,912 | 25,165,824* 55=110111|| 7,340,032 | 14,680,064
24=011000|| 3,276,800 | 6,553,600 56=111000|( 7,471,104 | 14,942,208
25=011001|| 3,407,872 | 6,815,744 57=111001|| 7,602,176 | 15,204,352
26=011010|| 3,538,944 | 7,077,888 58=111010|| 7,733,248 | 15,466,496
27=011011|(| 3,670,016 | 7,340,032 59=111011|| 7,864,320 | 15,728,640
28=011100|| 3,801,088 | 7,602,176 60=111100|| 7,995,392 | 15,990,784
29=011101|| 3,932,160 | 7,864,320 61=111101|| 8,126,464 | 16,252,928
30=011110|| 4,063,232 | 8,126,464 62=111110|| 8,257,536 | 16,515,072
31=011111|| 4,194,304 | 8,388,608 63=111111|| 8,388,608 | 16,777,216

NOTES:

1. VCO core frequency = 4 times the value in the table.

2. VCO core frequency = 2 times the value in the table. VCO core must not exceed 2x fgys.

3. These values are valid for 20- and 25-MHz devices only.

4. These values are valid for 25-MHz devices only.
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4.3.4 Fast Reference Mode

In fast reference mode, the system clock is generated by the PLL from a reference fre- | T'
quency much higher than that used in slow reference mode (e.g., four MHz). At reset,

the system clock frequency will be equal to twice the reference frequency. This is
accomplished by configuring the W bits to multiply by four, and setting the X bit to

divide by two for a net result of multiplying by two. The frequency may be multiplied

using the W bits or divided using the X and Y bits to generate the desired system clock
frequency. This mode improves stability over the slow reference mode and, like slow
reference mode, provides a 50% duty cycle system clock regardless of the reference

duty cycle.

The W bits are in the feedback path of the VCO. They can be programmed to multiply
the reference frequency by a factor from one to eight. These bits come out of reset as
0Ob11, so that the system clock frequency is four times the reference clock frequency.
After reset, the W bits can be changed to multiply the reference to the desired system
clock frequency. Changing of the W bits will result in PLL unlocking for the PLL lock
time specified.

The X bit on the VCO output is used to divide the VCO frequency by two or one. This
bit comes out of reset clear (divide by two) so that the system clock frequency is actu-
ally one half of what it is multiplied to by the W bits. This bit may be set to increase the
system frequency to twice that of the frequency when this bit is clear.

The Y bit divider is a six-stage divider chain in the clock output path, whose output tap
is controlled by the three Y register bits. It can divide the output of the VCO down by
powers of two to as much as 64, providing a large number of programmable frequen-
cies in this mode.

NOTE

Setting Y to 7 in this mode has the same effect as setting it to 6; the
maximum divisor is 2°. Dividing the PLL output clock with the Y bits
reduces the system clock frequency thereby conserving power.
Since the X and Y bits are not in the PLL feedback path, the PLL will
not have to relock to the new target frequency when they are
changed. The Y bits are cleared to all zeros at reset. Figure 4-3 is a
block diagram of the fast reference mode architecture.

Table 4-7 gives example values of the system clock frequency in fast reference mode
using a 4.0-MHz reference. The frequency representing the reset configuration is
shaded in this table. This frequency ends up being twice the reference frequency when
the X bit is cleared, or 8.0 MHz with a 4.0-MHz reference clock. The X bit can then be
set to select a system frequency of four times the reference frequency, or 16.0 MHz
with a 4.0-MHz reference clock with no PLL re-lock time requirements. Combinations
of programmed values for the W, X, and Y bits which would exceed maximum system
or VCO core frequencies are not supported and are left blank, as a reminder, in the
table for frequencies above 33 MHz.

MC68F375 SINGLE-CHIP INTEGRATION MODULE 2 (SCIM2E) MOTOROLA
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Figure 4-3 Fast Reference Mode
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Table 4-7 CLKOUT In Fast Reference Mode with 4.0 MHz Reference

xzo W=000 | W=001 | W=010 | W=011 | W=100 | W=101 | W=110 | Ww=111
0=000 || 2,000,000 | 4,000,000 | 6,000,000 | 8,000,000 (10,000,000 |12,000,000 | 14,000,000 | 16,000,000
1=001 || 1,000,000 | 2,000,000 | 3,000,000 | 4,000,000 | 5,000,000 | 6,000,000 | 7,000,000 | 8,000,000
2=010 || 500,000 | 1,000,000 | 1,500,000 | 2,000,000 | 2,500,000 | 3,000,000 | 3,500,000 | 4,000,000
3=011 || 250,000 | 500,000 | 750,000 | 1,000,000 | 1,250,000 | 1,500,000 | 1,750,000 | 2,000,000
4=100 || 125,000 | 250,000 | 375,000 | 500,000 | 625000 | 750,000 | 875,000 | 1,000,000
5=101 62,500 | 125000 | 187,500 | 250,000 | 312,500 | 375,000 | 437,500 | 500,000
6=110 31,250 | 62500 | 93750 | 125000 | 156,250 | 187,500 | 218,750 | 250,000
7=111 31,250 | 62500 | 93750 | 125000 | 156,250 | 187,500 | 218,750 | 250,000
ot W=000 | W=001 | W=010 | W=011 | W=100 | W=101 | W=110 | W=111
0=000 || 4,000,000 | 8,000,000 | 12,000,000 | 16,000,000 | 20,000,000 | 24,000,000 | 28,000,000 | 32,000,000
1=001 || 2,000,000 | 4,000,000 | 6,000,000 | 8,000,000 |10,000,000 | 12,000,000 | 14,000,000 | 16,000,000
2=010 || 1,000,000 | 2,000,000 | 3,000,000 | 4,000,000 | 5,000,000 | 6,000,000 | 7,000,000 | 8,000,000
3=011 || 500,000 | 1,000,000 | 1,500,000 | 2,000,000 | 2,500,000 | 3,000,000 | 3,500,000 | 4,000,000
4=100 || 250,000 | 500,000 | 750,000 | 1,000,000 | 1,250,000 | 1,500,000 | 1,750,000 | 2,000,000
5=101 || 125,000 | 250,000 | 375,000 | 500,000 | 625000 | 750,000 | 375,000 | 1,000,000
6=110 62,500 | 125000 | 187,500 | 250,000 | 312,500 | 375,000 | 187,500 | 500,000
7=111 62,500 | 125000 | 187,500 | 250,000 | 312,500 | 375,000 | 187,500 | 500,000

4.3.5 External Clock Mode

MC68F375
REFERENCE MANUAL

In external clock mode, the clock source, which should be 2x the desired system fre-
guency, must be driven onto the EXTAL pin. This clock is used to generate the system
clock directly (the VCO is turned off). At reset, the system clock frequency is one-half
the external clock frequency. If this frequency is the the maximum specified system
clock frequency, it must not violate strict minimum duty cycle requirements. A block
diagram of external clock mode is show in Figure 4-4.

In this mode, the six-stage Y divider and the one-stage X divider are placed in the clock
output path such that the input clock may be divided down by as much as 128 to pro-
duce the system clock. When this is done, it is not necessary to meet the input duty
cycle restrictions. The Y bit divider is a six-stage divider chain whose output tap is con-
trolled by the three Y register bits. The X bit divider is a single-stage divider which is
bypassed when X is setto 1. X is 1 and Y is O after reset, so that the system clock is
the same as the external clock.

NOTE

Setting Y to 7 has the same effect as setting it to 6; the maximum divi-
sor is 25. The X and Y bit dividers are in the output clock path.
Therefore, changing the X or Y bits in this mode causes the fre-
guency to change without a delay.

SINGLE-CHIP INTEGRATION MODULE 2 (SCIM2E)
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When the MC68F375 is configured in external clock mode, the VCO will be turned off
to save power. Changing the unused W bits will have no effect. | T[

Y[2:0] Bits Bt
i
EXTAL ‘ /(2Y) — 12 — /2 |—® System Clock
(Y<6)

Figure 4-4 External Clock Mode

4.3.6 Clock Synthesizer Control Register

The synthesizer control register (SYNCR) is readable and writable in supervisor mode.
The encoding and default value of the upper byte of SYNCR depend on the clock
mode selected at reset.

For slow reference mode, the default value is 0x3F which corresponds to an operating
frequency of 8.38 MHz for a 32.768-KHz crystal. For fast reference mode, the default
value of the upper byte is 0x30, which corresponds to a 2-to-1 match of the reference
frequency. For external clock mode, the default value of the upper byte is 0x80, which
corresponds to an operating frequency equal to the input frequency on EXTAL. The
default value is forced into the SYNCR on reset, along with the default values of the
other bits in the register (all zeros).

The encodings and default reset states of the bits in SYNCR in the three clock modes
are shown below.

SYNCR — Synthesizer Control Register, Slow Reference Mode OxYF FAO4
MSB LSB
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

X W Y EDIV Re- LOSCD | SLIMP | SLOCK | RSTEN | STSCIM | STEXT

served

0 0 1 1 1 1 1 1 0 0 0 0 1 0 0 0
SYNCR — Synthesizer Control Register, Fast Reference Mode OxYF FAO4
MSB LSB
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
X WI[2:0] —_ Y EDIV sg\%d LOSCD | SLIMP | SLOCK | RSTEN | STSCIM | STEXT
RESET:
0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0
MC68F375 SINGLE-CHIP INTEGRATION MODULE 2 (SCIM2E) MOTOROLA
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SYNCR — Synthesizer Control Register, External Clock Mode OxYF FAO4
MSB LSB
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
X Reserved Y EDIV sfr\?(;d LOSCD | SLIMP | SLOCK | RSTEN | STSCIM | STEXT

RESET:
1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

4.3.6.1 Frequency control Bits (X,W,Y)

Bits [15:8] of the SYNCR control the multiplication or division factors of the synthe-
sizer. X bit [15] controls a one-bit divider which drives the system clock in all modes.
When X is set, the divider is bypassed; when clear, the system clock is divided by two.
The W bits and the Y bits have different field lengths and functions depending on the
clock mode. In slow reference mode, bit [14] is the single W bit, and bits [13:8] are the
six Y bits, and both fields are used to multiply the reference frequency. In fast refer-
ence mode, bits [14:12] are the three W bits, which are used to multiply the reference
frequency. Bits [10:8] are the three Y bits, which are used to divide the PLL output fre-
quency. In external clock mode, bits [14:11] are unused, and bits [10:8] are the three
Y bits which are used to divide the input clock frequency. Refer to Table 4-6 and Table
4-7 for system frequencies available in common configurations.

4.3.6.2 E Clock Divide Rate (EDIV)

The E clock that goes to the chip select section is driven from a divider circuit off of the
same clock source that drives the external clock. This allows turning off or leaving on
the E clock in LPSTOP mode using the STEXT bit. When EDIV=0, E is the system
clock divided by eight. When EDIV=1, E is the system clock divided by 16. EDIV is
cleared to zero by reset.

4.3.6.3 Loss of Clock Oscillator Disable (LOSCD)

An internal oscillator is used in the detection of loss of clock. This oscillator can be dis-
abled by setting this bit. See 4.3.7.5 Loss Of Clock Detect Circuit (LOC) for details
of this feature. When LOSCD = 1, the loss of clock oscillator is disabled. When LOSCD
= 0, the loss of clock oscillator is enabled. This bit is cleared to 0 on reset.

4.3.6.4 Limp Mode (SLIMP)

This read only status bit indicates whether the loss of crystal detect logic has detected
a loss of system clock. If a loss of clock is detected, the synthesizer will use an internal
RC oscillator to derive the system clock and enter limp mode, allowing the MCU to
continue to run even without an external clock.

SLIMP=0 indicates that the system clock is being provided normally, either by the PLL
or by an external clock from the EXTAL input. SLIMP=1 indicates that a loss of system
clock has been detected, and the system clock is being provided from the loss of crys-
tal oscillator reference. See 4.3.7.5 Loss Of Clock Detect Circuit (LOC). The limp
clock is approximately 16 KHz.

MC68F375 SINGLE-CHIP INTEGRATION MODULE 2 (SCIM2E) MOTOROLA
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4.3.6.5 Synthesizer Lock (SLOCK)
This read only status bit gives an indication of when the PLL is locked in at the speci- | T'
fied frequency. Synthesizer lock occurs when the filter circuit switches from the wide
bandwidth to the narrow bandwidth mode (see 4.3.7.2 Phase Comparator and
Filter).

SLOCK=0 is an indication that the PLL is enabled and is not yet locked into the narrow
bandwidth mode. If SLOCK=1, itindicates that either the PLL is disabled (system clock
is driven in directly), or the PLL is locked. This bit is used by the power on reset circuit
to determine whether the clock is stable or not.

4.3.6.6 Reset Enable (RSTEN)

This bit dictates what action to take when the loss of clock logic detects a loss of sys-
tem clock. If RSTEN=1, a loss of clock will cause a system reset. After completing a
normal reset sequence, the part will exit reset and run normally in limp mode. If
RSTEN is set while the MC68F375 is currently in limp mode, it will enter reset imme-
diately. If RSTEN=0, when a loss of clock occurs, the part will continue to run normally
in limp mode. This bit is cleared to O by reset.

4.3.6.7 Low Power Stop Mode SCIM2 Clock (STSCIM)

This bit determines what happens to the SCIM2 clock when the CPU executes the
LPSTOP instruction. When STSCIM=0, the SCIM2 clock comes from the crystal oscil-
lator circuit and the VCO is turned off to save power. When STSCIM=1, the SCIM2
clock is driven from the VCO. STSCIM is cleared to 0 by reset.

4.3.6.8 Low Power Stop Mode External Clock (STEXT)

This bit determines what happens to the external clock pin when the CPU executes
the LPSTOP instruction. When STEXT=0, no external clock will be driven in LPSTOP
mode. When STEXT=1, the external clock is driven from the SCIM2 clock as governed
by the STSCIM bit. STEXT is cleared to O by reset.

4.3.7 Clock Circuits Operation
For the following discussion, refer to Figure 4-2, Figure 4-3, and Figure 4-4.

4.3.7.1 Synthesizer Circuit

The clocks for the MCU can be derived from an external crystal reference frequency
which is multiplied using the phase locked loop, frequency synthesizer circuit as
described below.

4.3.7.2 Phase Comparator and Filter

The output of the crystal oscillator is compared with the output of the divider chain to
determine the frequency relationship of the two signals. The result of this compare is
then filtered and used to control the voltage controlled oscillator (VCO).

MC68F375 SINGLE-CHIP INTEGRATION MODULE 2 (SCIM2E) MOTOROLA
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PLL is first enabled, the wide bandwidth mode is used which enables the PLL fre-
guency to ramp up quickly. Then when the output frequency is near the desired
frequency, the filter is switched to the narrow bandwidth to make the final frequency
more stable. The PLL requires an external filter network on XFC. Figure 4-5 shows
the suggested values of bypass and PLL external capacitors.

The PLL loop filter has two bandwidths which are automatically selected. When the
| Tl

For slow reference mode with a multiplication factor of N=512 (ex: 32.768 KHz refer-
ence for a 16.78 MHz fgyg) the values are: R1 =18 K; C1 = 0.1 puF; and C2 = 3300 pF.
For fast reference mode with a multiplication factor of N=4 (ex: 4.194 MHz reference
and 16.78 MHz fgyg) the values are: R1 = 20 K; C1 = 1000 pF; and C2 = 100 pF. Ref-
erence frequencies and fgyg values very different from those stated may require
different filter values (first order affect is multiplication factor N, based on W and Y bits
in the SYCNR register). Leakage from the XFC pin must not be greater than that of a
15-mQ resistor to meet jitter specifications. If the PLL is not enabled, then the XFC fil-
ter is not required and the pin may be left unconnected.

The VCO will oscillate at a frequency dictated by the voltage coming out of the filter
circuit. To save system power, the VCO is shut off when it is not needed.

Crystal
Ial Rl Vsssyn
C1
Ll A A
c1 c2 — N\
__ RS _
RF | |
Vassyn sAAYAYS v |
SSSYN
— ] 2
EXTAL PIN XTAL PIN XFC Pin Vsssyn Pin
Slow Reference Mode (32.768 KHz): RF=1-10 mQ Slow Reference Mode (32.768 KHz):
RS=330 KQ, C1=C2=22 pF Wl
Fast Reference Mode (4.194 MHz):RF=1-10 mQ R1 =Ry Y +1). 2 );RO = 475.2,
RS=1.5 KQ, C1=C2=27 pF
Fast Reference Mode (5.438 MHz):RF=1-10 mQ C1=0.1 pF, C2=3300 pF
RS=400 Q, C1=C2=10 pF
Location of RS can be inboard (as shown here) or Fast Reference Mode (4.194 - 5.438 MHz):
outboard of the crystal.
NOTE: Actual circuit should be reviewed with crystal R1 =Ry JW + 1)iRy = 1197,
manufacturer.

C1=4000 pF, C2=330 pF

Figure 4-5 Crystal Oscillator and External Capacitor Configuration
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4.3.7.3 Lock Detect Circuit

The clock generator subsystem on the MC68F375 also includes an improved lock | T'
detect circuit. This lock detect does not depend on frequency over-shoot as did the
original circuit. It is also more precise than the original circuit. Basic operation is based
on two counters and a “frequency match” requirement. When the VCO feedback fre-
quency ramps to within approximately 3.5% of the reference frequency, a count-down
time-out is initiated. At the end of that period, the PLL is considered locked and the
SLOCK bitis setin the SYNCR register. This same logic will reset the SLOCK bit if the
VCO feedback frequency drifts outside of approximately + 3.5% range. The actual trip
points for going into and out of lock depend on the phase relationship of the reference
frequency and the VCO feedback frequency.

4.3.7.4 Clock Control Circuit
The clock control circuit generates the following system clock signals:

« EXTCLK is the external system clock which is driven out on the CLKOUT pin. This
signal is also used to generate the E clock which is used by the chip selects.

* ICLOCK is the internal module system clock. This clock is used by all of the inter-
nal modules of the MCU except for the SCIM2. This clock is stopped in LPSTOP
mode.

* SCLOCK is the SCIM2 module’s primary clock. This clock is used by all sections
of the SCIM2 except those that must continue to operate in LPSTOP. This clock
Is stopped in LPSTOP mode.

* SCIMCLK: This is the SCIM2’s secondary system clock which is used by sections
of the SCIM2 which continue to operate in LPSTOP mode, such as timers in the
system protection block.

4.3.7.5 Loss Of Clock Detect Circuit (LOC)

The loss of clock (LOC) feature is designed to detect the condition in which the SCIM2
SCIMCLK system clock falls in frequency to a range between 20 KHz and 150 Hz. The
LOC circuit uses an independent, free-running RC oscillator as a time base to monitor
the system clock. The LOC circuit is used as a system protection feature to monitor
the operation of the crystal reference for the PLL, or the presence of an external clock
signal.

4.3.8 Basic Operation

The SCIM2 internal system clock, SCIMCLK, is monitored by a loss-of-clock sub-
system. SCIMCLK remains running in LPSTOP at the PLL frequency if STSCIM=1, or
at the crystal frequency if STSCIM=0, or at the external clock frequency if the part is
in External Clock mode. The LOC detector should always be triggered if SCIMCLK
falls below 150 Hz, and should never be triggered if SCIMCLK is running above 20
KHz. This specified range provides a sufficiently large window of uncertainty to com-
pensate for variations in the RC oscillator frequency due to processing and operating
conditions.

MC68F375 SINGLE-CHIP INTEGRATION MODULE 2 (SCIM2E) MOTOROLA
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The LOC detector operates in either PLL or external clock modes. When it is triggered,
limp mode is entered, the SLIMP bit is set, and an alternate clock is provided as the
system clock until edges are detected on the crystal/external clock input. The alternate
clock is the output of an RC oscillator which is also used as the time-base for the LOC
detector. All clock switching is done synchronously, such that no short pulses, or
glitches, are caused on the system clock.

4.3.8.1 POR Characteristics

When the power-on-reset logic detects the application of power or the return of power
after a power loss situation, the internal RC oscillator is selected as the system clock
source. The RC oscillator begins to operate at relatively low levels of VDD and typically
several milliseconds before the crystal oscillator/VCO will begin to function. This pro-
vides system clocks as soon as possible, allowing 1/0O pins and modules to reach
defined reset states as soon as possible. After the crystal oscillator and VCO start-up
is recognized by the LOC logic, a few more RC clock edges followed by a few VCO
clock edges will switch the system clock source control logic over from the RC oscilla-
tor to the crystal oscillator/VCO subsystem. Exact switching time depends on the RC
oscillator frequency and the crystal/VCO clock frequency.

4.3.8.2 External Clock Operating Mode

If SCIMCLK stops in external clock mode, the LOC detect triggers, and the system
clock is switched to the alternate clock until the external clock input restarts.

4.3.8.3 PLL Operating Mode

When the PLL is being used to provide the system clock and the crystal reference
input stops, the synthesized clock frequency will drop below the LOC threshold. When
this occurs, the system clock source is switched to the alternate clock until the crystal
reference restarts. If and when the crystal restarts, the clock source will switch back to
the PLL, in unlocked mode. The PLL will then relock to the reference frequency.

4.3.8.4 RSTEN Bit Operation

The RSTEN bit is used to put the part in reset if loss of clock is detected. The reset
sequence clears the RSTEN bit, and when the sequence finishes, the part exits reset
and runs in limp mode. Setting the RSTEN bit while in limp mode will cause reset
immediately. This will allow for a continuously reset the part as long as it is in limp
mode, by setting the RSTEN bit after exiting reset.

4.3.8.5 Reset Conditions

To save power, the RC oscillator can be disabled by setting the LOSCD bit in the
SYNCR register. In this case, the ability to detect loss of clock is disabled. However, if
the RESET pin is driven low, the RC oscillator is forced on to provide a system clock,
ensuring that external RESET will be recognized even in a DC state. For more infor-
mation, see 4.7 Reset.
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In order to reset the ports to their post reset state listed in Table 4-8, an internal clock
and the reset signal must be present. The clocks are generated with the SCIM2E volt-
age controlled oscillator (VCO). The VCO is biased to operate at approximately eight
KHz whenever the crystal oscillator is not detected. This feature causes the VCO to
start before the crystal oscillator. (See APPENDIX E ELECTRICAL CHARACTERIS-
TICS for the exact frequencies.)

Table 4-8 Port Reset Condition

Port State of Pins after Reset

Al Input
B Input
G Input
H Input
E Input
F Input

C Output (PC[6:2, Q]) are driven high
PQSO, PQS1, PQS2 Input
PQA, PQB Input
TPU3 Input

NOTES:
1. Each port requires approximately 4 clocks to assume their
post reset state. The VCO startup time is no more than 15
msec after VDD reaches minimum value.

Only single byte or aligned word writes on the IMB to the RAM module will be guaran-
teed to complete without data corruption for synchronous resets. A long-word write, a
misaligned operand write, a write to a peripheral module other than the RAM or a read
cycle are not guaranteed. External writes are also guaranteed to complete, provided
the external configuration logic on the data bus is conditioned by R/W. Asynchronous
reset sources usually indicate a catastrophic failure and require the reset control logic
to assert reset to the system immediately.

4.3.8.6 Low Power Operation

Low power operation is initiated by the CPU32. To reduce power consumption selec-
tively, the CPU32 can set the STOP bits in each module configuration register. To
minimize overall microcontroller power consumption, the CPU32 can execute the
LPSTOP instruction which causes the SCIM2E to turn off the system clock.

A loss of clock will be recognized while the part is in low power stop, unless the RC
oscillator is disabled. If it is disabled, external RESET will re-enable it so that RESET
will be recognized. If a loss of clock occurs in LPSTOP mode and RSTEN=0, the part
will continue to operate normally on the alternate clock. LPSTOP can then be exited
normally, either by an interrupt request or by external RESET. If RSTEN=1 in LPSTOP
mode, the loss of clock event will cause reset. For more information, see 4.4.9 Low
Power Stop Mode.
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When the CPU executes LPSTOP, a special CPU space bus cycle writes a copy of the
current interrupt mask into the clock control logic. The SCIM2E brings the MCU out of
low power stop mode when one of the following exceptions occur:

* RESET
* Trace
» SCIM2E interrupt of higher priority than the stored interrupt mask

Refer to 4.4.9 Low Power Stop Mode and 4.6.4.2 LPSTOP Broadcast Cycle for
more information.

During low power stop mode, unless the system clock signal is supplied by an external
source and that source is removed, the SCIM2E clock control logic and the SCIM2E
clock signal (SCIMCLK) continue to operate. The periodic interrupt timer and input
logic for the RESET and IRQ pins are clocked by SCIMCLK. The SCIM2E can also
continue to generate the CLKOUT signal while in low power stop mode.

During low power stop mode, the address bus and data bus continue to drive the
LPSTOP broadcast cycle, and bus control signals are negated. 1/O pins configured as
outputs continue to hold their previous state; I/O pins configured as inputs will remain
in a high impedance state.

The STSCIM and STEXT bits in SYNCR determine clock operation during low power
stop mode.

The flow chart shown in Figure 4-6 summarizes the effects of the STSCIM and STEXT
bits when the MCU enters low power stop mode. Any clock in the off state is held low.
If the synthesizer VCO is turned off during low power stop mode, PLL relock delay will
occur when the MCU exits LPSTOP mode and the VCO is re-enabled.

NOTE
In LPSTOP mode, the crystal oscillator is not disabled and will con-
tinue to run.
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SETUP INTERRUPT
TO WAKE UP MCU
FROM LPSTOP

\/
NO
USING
EXTERNAL CLOCK? I
YES Y
USE sySTEM cLock \NO
AS SCIMCLK IN
LPSTOP?
YES
Y Y
SET STSCIM=1 SET STSCIM =0
fooo L=t focimencs =
scimclk sys scimclk ref
IN LPSTOP IN LPSTOP
\ Y
\. NO N\ NO
WANT CLKOUT WANT CLKOUT
( ON IN LPSTOP? / ( ON IN LPSTOP? /
YES YES
\/ Y Y Y
SET STEXT =1 SET STEXT=0 SET STEXT =1 SET STEXT =0
fokout” = fsys fokout? = 0 Hz fokout® = fref folout? = 0 Hz
fecik = + fsys fecik = 0 Hz fecik =0 Hz fecik =0 Hz
IN LPSTOP IN LPSTOP IN LPSTOP IN LPSTOP

) -t -
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LPSTOPFLOW

Figure 4-6 LPSTOP Flowchart

4.3.8.7 Loss of Reference Signal

The SCIMZ2E includes circuitry to detect a loss of the synthesizer f,¢ Signal and to force
reset or to allow continued operation from an alternate clock source. The LOSCD,
SLIMP, and RSTEN bits in SYNCR control and report the behavior of the clock syn-
thesizer when f, loss is detected.

In the SCIMZ2E, f,¢ is compared to the output of an independent free-running RC oscil-
lator to detect failure. The loss of clock detector should always be triggered when f,
falls below 150 Hz and should never be triggered when f.o; is above 20 KHz. This
range provides a window of uncertainty sufficiently large enough to compensate for
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variations in the output of the RC oscillator due to processing and/or operating
conditions.

The loss of clock detector can be disabled by writing a one to the loss of clock oscillator
bit (LOSCD). This disables the free-running RC oscillator and prevents ft loss from
being detected. The reset state of LOSCD is zero which enables the RC oscillator and
loss of clock detector.

The reset enable bit (RSTEN) determines how the MCU will process a loss of clock
detection. The default state out of reset for RSTEN is zero. This forces the clock syn-
thesizer into the limp mode operating state. In limp mode, the RC oscillator used by
the loss of clock detector provides the system clock. Limp mode frequency varies from
device-to-device but does not exceed one-half the maximum system clock frequency.

When set to one, RSTEN allows the clock synthesizer to reset the MCU when the loss
of clock detector triggers. After powering-up from a loss of clock reset, the MCU will
set the LOC bit in the reset status register (RSR) and begin operation in limp mode.

The limp status bit (SLIMP) in SYNCR indicates that f,os has failed and that the MCU
has entered limp mode. SLIMP will remain set until normal f,s Operation is restored.

4.4 System Protection

The system protection block reports reset status information, monitors internal bus
activity, and provides periodic interrupt generation. Figure 4-7 is a block diagram of
the submodule.
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Figure 4-7 System Protection

4.4.1 System Protection Control Register

SYPCR — System Protection Control Register OxYF FA21
7 6 5 4 3 2 1 LSB
0
‘ SWE ‘ SWP ’ SWT[1:0] ’ HME BME BMT[1:0]
1 MODCLK 0 0 0 0 0 0
Table 4-9 SYPCR Bit Descriptions
Bit(s) Name Description
Software watchdog enable
7 SWE |0 = Software watchdog is disabled.
1 = Software watchdog is enabled.
Software watchdog prescaler. This bit controls the value of the software watchdog prescaler.
5 Swp The reset value of SWP is the complement of the state of the MODCLK pin during reset.
0 = Software watchdog clock is not prescaled.
1 = Software watchdog clock is prescaled by 512.
54 SWT Software watchdog timing. This field selects the divide ratio used to establish the software
’ watchdog timeout period. Refer to Table 4-12.
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Table 4-9 SYPCR Bit Descriptions (Continued)

Bit(s) Name Description

Halt monitor enable

3 HME 0 = Halt monitor is disabled.
1 = Halt monitor is enabled.

Bus monitor external enable

2 BME |0 = Disable bus monitor for external bus cycles.
1 = Enable bus monitor for external bus cycles.
. BMT[1:0] — Bus Monitor Timing. This field selects the bus monitor timeout period. Refer to Ta-
1.0 BMT ble 4-10

4.4.2 Reset Status

The reset status register (RSR) latches MCU status during reset. Refer to 4.7.4 Reset
Status Register for more information.

4.4.3 Bus Monitor

The internal bus monitor checks data size acknowledge (DSACK) or autovector
(AVEC) signal response times during normal bus cycles. The monitor asserts the inter-
nal bus error (BERR) signal when the response time is excessively long.

DSACK and AVEC response times are measured in clock cycles. Maximum allowable
response time can be selected by setting the bus monitor timing (BMT[1:0]) field in the
system protection control register (SYPCR). Table 4-10 shows the periods allowed.

Table 4-10 Bus Monitor Period

BMT[1:0] Bus Monitor Timeout 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 timeout period must be at
least twice the number of clocks that a single-byte access requires.

4.4.4 Halt Monitor

The halt monitor responds to an assertion of the HALT signal on the internal bus when
a double bus fault occurs. A flag in the reset status register (RSR) will indicate when
the last reset was caused by the halt monitor. Halt monitor reset can be inhibited by
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the halt monitor (HME) enable bit in SYPCR. Refer to 4.6.5.2 Double Bus Faults for
more information.

4.4.5 Spurious Interrupt Monitor

During interrupt exception processing, the CPU32 normally acknowledges an interrupt
request, arbitrates among various sources of interrupt, recognizes the highest priority
source, and then acquires a vector or responds to a request for autovectoring. The
spurious interrupt monitor asserts the internal 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 4.8 Interrupts for further information. For detailed information about interrupt
exception processing, refer to 4.8.1 Interrupt Exception Processing.

4.4.6 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 the software watchdog requires the following steps:

* Write 0x55 to SWSR
* Write OXAA to SWSR

Both writes must occur before timeout in the order listed. Any number of instructions
can be executed between the two writes.

The clock rate of the watchdog timer is affected by clock mode, the software watchdog
prescale (SWP) bit, and the software watchdog timing (SWT[1:0]) field in SYPCR. In
slow reference mode and external clock mode, f,¢ Or fof + 512 can be used to clock
the watchdog timer. The options in fast reference mode are f,¢f + 128 or (fef + 128) +
512. In all cases, the divide-by-512 option is selected when SWP = 1.

The value of SWP is affected by the state of the Vppgyn/MODCLK pin during reset,
as shown in Table 4-11. System software can change SWP value.

Table 4-11 SWP Reset States

Vppsyn/MODCLK SWP
0 (External Clock) 1(+512)
1 (Synthesized Clock) 0(=12

SWTI[1:0] selects the divide ratio used to establish the software watchdog timeout
period.
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The following equation calculates the timeout period in slow reference mode:

Divide Ratio Specified by SWP and SWT[1:0]

Timeout Period = -

ref

The following equation calculates the timeout period in fast reference mode:

d = (128)(Divide Ratio Specified by SWP and SWT[1:0])

Timeout Perio :

ref

The following equation calculates the timeout period in external clock mode:

Divide Ratio Specified by SWP and SWTJ[1:0]

Timeout Period = :

ref

Table 4-12 shows the divide ratio for each combination of the SWP and SWT[1:0] bits.
When SWT[1:0] are modified, a watchdog service sequence must be performed
before the new timeout period can take effect.

Table 4-12 Software Watchdog Divide Ratio

SWP SWTI[1:0] Divide 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

Figure 4-8 is a block diagram of the watchdog timer and the clock control for the peri-
odic interrupt timer.
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Figure 4-8 Periodic Interrupt Timer and Software Watchdog Timer

4.4.6.1 Software Watchdog Service Register

SWSR — Software Watchdog Service Register* OXYF FA27
7 6 5 3 2 1 L%B
‘ SWSRI[7:0]
0 0 0 0 0 0 0
NOTES:

1. This register is shown with a read value.

This register can be read or written at any time. Bits [15:8] are reserved and will always

read zero.

4.4.7 Periodic Interrupt Timer

The periodic interrupt timer (PIT) allows the generation of interrupts of specific priority
at predetermined intervals. This capability is often used to schedule control system
tasks that must be performed within time constraints. The PIT consists of a prescaler,
a modulus counter, and registers that determine interrupt timing, priority and vector
assignment. Refer to 4.8.1 Interrupt Exception Processing for further information

about interrupt exception processing.

MC68F375
REFERENCE MANUAL

SINGLE-CHIP INTEGRATION MODULE 2 (SCIM2E)

For More Inf5Pmatibil'®f>This Product,

Go to: www.freescale.com

MOTOROLA
4-28



Freescale Semiconductor, Inc.

the PLL is enabled, f,of is used in slow reference mode and f,s + 128 is used in fast
reference mode. When the PLL is disabled, f,¢f is used. The value of the periodic timer
prescaler (PTP) bit in the periodic interrupt timer register (PITR) determines system
clock prescaling for the periodic interrupt timer. One of two options, either no prescal-
ing, or prescaling by a factor of 512, can be selected. The value of PTP is affected by
the state of the Vppgyn/MODCLK pin during reset, as shown in Table 4-13. System
software can change PTP value.

The periodic interrupt timer modulus counter is clocked by one of two signals. When
| Tl

Table 4-13 PTP Reset States

Vppsyn/MODCLK PTP
0 (External Clock) 1(+512)
1 (Synthesized Clock) 0(+1)

Either clock signal selected by PTP is divided by four before driving the modulus
counter. The modulus counter is initialized by writing a value to the periodic interrupt
timer modulus (PITM[7:0]) field in PITR. A zero value turns off the PIT. When the mod-
ulus counter reaches zero, an interrupt is generated. The modulus counter is then
reloaded with the value in PITM[7:0] and counting repeats. If a new value is written to
PITR, it is loaded into the modulus counter when the current count is completed.

The following equation calculates the PIT period in slow reference mode:

BIT Period = (PITMIZ:0D(L if PTPf= 0,512 if PTP = 1)(4)

ref
The following equation calculates the PIT period in fast reference mode:

BIT Period = (128)(PITMI7:0])(1 if PfTP =0, 512 if PTP = 1)(4)

ref

The following equation calculates the PIT period in external clock mode:

(PITM[7:0])(1 if PTP = 0, 512 if PTP = 1)(4)

PIT Period = :

ref

4.4.8 Interrupt Priority and Vectoring for the Periodic Interrupt Timer

Interrupt priority and vectoring for the PIT are determined by the values of the periodic
interrupt request level (PIRQL[2:0]) and periodic interrupt vector (PI1V[7:0]) fields in the
periodic interrupt control register (PICR).

The PIRQL field is compared to the CPU32 interrupt priority mask to determine
whether the interrupt is recognized. Table 4-14 shows PIRQL[2:0] priority values.
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nal interrupt request of the same priority. The periodic timer continues to run when the

Because of SCIM2E hardware prioritization, a PIT interrupt is serviced before an exter-
| I.l
interrupt is disabled.

Table 4-14 Periodic Interrupt Priority

PIRQL[2:0] Priority Level
000 Periodic Interrupt Disabled
001 Interrupt Priority Level 1
010 Interrupt Priority Level 2
011 Interrupt Priority Level 3
100 Interrupt Priority Level 4
101 Interrupt Priority Level 5
110 Interrupt Priority Level 6
111 Interrupt Priority Level 7

The PIV field contains the periodic interrupt vector. The vector is placed on the IMB
when an interrupt request is made. The vector number is used to calculate the address
of the appropriate vector in the exception vector table. The reset value of the PIV field
is OxOF, which corresponds to the uninitialized interrupt exception vector.

4.4.9 Low Power Stop Mode

When the CPU32 executes the LPSTOP instruction, the current interrupt priority mask
is stored in the clock control logic, internal clocks are disabled according to the state
of the STSCIM bit in SYNCR, and the MCU enters low power stop mode. The bus
monitor, halt monitor, and spurious interrupt monitor are all inactive during low power
stop.

During low power stop mode, the clock input to the software watchdog timer is dis-
abled and the timer stops. The software watchdog begins to run again on the first rising
clock edge after the MCU exits low power stop mode. The watchdog is not reset when
entering low power stop mode. A service sequence must be performed to reset the
timer.

The periodic interrupt timer does not respond to the LPSTOP instruction, but continues
to run during LPSTOP. To stop the periodic interrupt timer, PITM[7:0] must be loaded
with zero before entering LPSTOP. A PIT interrupt, or an external interrupt request,
can bring the MCU out of low power stop mode if it has a higher priority than the inter-
rupt mask value stored in the clock control logic when low power stop mode is entered.
LPSTOP can be terminated by a reset.

4.4.9.1 Periodic Interrupt Control Register

PICR sets the interrupt level and vector number for the periodic interrupt timer (PIT).
Bits [10:0] can be read or written at any time. Bits [15:11] are reserved and always read
zero.
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PICR — Periodic Interrupt Control Register OxYF FA22
MSB LSB
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PIRQL[2:0] ‘ PIV[7:0] ‘

RESET:
0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

Table 4-15 PICR Bit Descriptions

Bit(s) Name Description
15:11 — Reserved
108 PIROL Periodic interrupt request level. This field determines the priority of periodic interrupt requests.
' A value of 0b000 disables PIT interrupts.
7:0 PIV Periodic interrupt vector. This field specifies the periodic interrupt vector number supplied by the
' SCIM2 when the CPU32 acknowledges an interrupt request.

4.4.9.2 Periodic Interrupt Timer Register

PITR — Periodic Interrupt Timer Register OxYF FA24
MSB LSB
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PTP ‘ PITM[7:0]
RESET:
MOD-
0 0 0 0 0 0 0 CLK 0 0 0 0 0 0 0 0

The PITR contains the count value for the periodic timer. This register can be read or written at any time.

Table 4-16 PITR Bit Descriptions

Bit(s) Name Description
15:9 — Reserved
Periodic timer prescaler
8 PTP 10 = Periodic timer clock not prescaled.
1 = Periodic timer clock prescaled by a value of 512.
7:0 PITM Periodic interrupt timing modulus. This field determines the periodic interrupt rate.

4.5 External Bus Interface

The external bus interface (EBI) transfers information between the internal MCU bus
and external devices. Figure 4-9 shows a basic system with external memory and

peripherals.

The external bus has 24 address lines and 16 data lines. The EBI provides dynamic
sizing between 8-bit and 16-bit data accesses. It supports byte, word, and long-word
transfers. Port width is the maximum number of bits accepted or provided by the exter-
nal memory system during a bus transfer. Widths of eight and 16 bits are accessed
through the use of asynchronous cycles controlled by the size (SIZ1 and S1Z0) and
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data size acknowledge (DSACK1 and DSACKO) pins. Multiple bus cycles may be
required for dynamically sized transfers.

To add flexibility and minimize the necessity for external logic, MCU chip-select logic
is synchronized with EBI transfers. Refer to 4.9 Chip Selects for more information.

4.5.1 Bus Control Signals

The address bus provides addressing information to external devices. The data bus
transfers 8-bit and 16-bit data between the MCU and external devices. 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.

Control signals indicate the beginning of each bus cycle, the address space, the size
of the transfer, and the type of cycle. External devices can decode these signals and
respond to transfer data and terminate the bus cycle. The EBI can operate in an asyn-
chronous mode for any port width.

45.1.1 Address Bus

Bus signals ADDRJ[19:0] define the address of the byte (or 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.

45.1.2 Address Strobe

Address strobe (E) is a timing signal that indicates the validity of an address on the
address bus as well as that of many control signals.

4.5.1.3 Data Bus

DATA[15:0] form a bidirectional, non-multiplexed parallel bus that transfers data to or
from the MCU. A read or write operation can transfer eight or 16 bits of data in one bus
cycle. For a write cycle, all 16 bits of the data bus are driven, regardless of the port
width or operand size.
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45.1.4 Data Strobe

Data strobe (ﬁ) is a timing signal. For a read cycle, the MCU asserts DS to signal an | T'
external device to place data on the bus. DS is asserted at the same time as AS during

a read cycle. For a write cycle, DS signals an external device that data on the bus is

valid.

4.5.1.5 Read/Write Signal

The read/write signal (R/W) 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 transitions when a write cycle is preceded by a read
cycle or vice versa. The signal may remain low for two consecutive write cycles.

4.5.1.6 Size Signals

Size signals (SIZ[1:0]) indicate the number of bytes remaining to be transferred during
an operand cycle. They are valid while AS is asserted. Table 4-17 shows SIZ0 and
SIZ1 encoding.

Table 4-17 Size Signal Encoding

SIz1 SI1Z0 Transfer Size
0 1 Byte
1 0 Word
1 1 3 Byte
0 0 Long word

45.1.7 Function Codes

The CPU generates function code signals (FC[2:0]) to indicate the type of activity
occurring on the data or address bus. These signals can be considered address exten-
sions that can be externally decoded to determine which of eight external address
spaces is accessed during a bus cycle. Only supervisor data, supervisor program,
user data, user program, and CPU spaces are defined.

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. Table 4-18 shows address space encoding.
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Table 4-18 Address Space Encoding

FC2 FC1 FCO 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

4.5.1.8 Data Size Acknowledge Signals

During normal bus transfers, external devices can assert the data size acknowledge
signals (DSACK]1:0]) to indicate port width to the MCU. During a read cycle, these sig-
nals tell the MCU to terminate the bus cycle and to latch data. During a write cycle, the
signals indicate that an external device has successfully stored data and that the cycle
can terminate. DSACK[1:0] can also be supplied internally by chip-select logic. Refer
to 4.9 Chip Selects for more information.

4.5.1.9 Bus Error Signal

The bus error signal (BERR) can be asserted by an external source when a bus cycle
is not properly terminated by DSACK or AVEC assertion. It can also be asserted in
conjunction with DSACK to indicate a bus error condition, provided it meets the appro-
priate timing requirements. Refer to 4.6.5 Bus Exception Control Cycles for more
information.

The internal bus monitor can generate the BERR signal for excessively long internal-
to-external transfers. In systems with an external bus master, the SCIM2E bus monitor
must be disabled and external logic must be provided to drive the BERR pin, because
the internal BERR monitor has no information about transfers initiated by an external
bus master. Refer to 4.6.6 External Bus Arbitration for more information.

4.5.1.10 Halt Signal

The halt signal (HALT) can be asserted by an external device for debugging purposes
to cause single bus cycle operation or (in combination with BERR) a retry of a bus
cycle in error. The HALT signal affects external bus cycles only. As a result, a program
not requiring use of the external bus may continue executing, unaffected by the HALT
signal. When the MCU completes a bus cycle with the HALT signal asserted,
DATAJ[15:0] is placed in a high-impedance state and AS and DS are driven inactive;
the address, function code, size, and read/write signals remain in the same state. The
MCU does not service interrupt requests while it is halted. Refer to 4.6.5 Bus Excep-
tion Control Cycles for further information.
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4.5.1.11 Autovector Signal

The autovector signal (AVEC) can be used to terminate interrupt acknowledgment | T'
cycles for external interrupts only. Assertion of AVEC causes the CPU32 to generate

vector numbers to locate an interrupt handler routine. If AVEC is continuously
asserted, autovectors are generated for all external interrupt requests. AVEC is
ignored during all other bus cycles. Refer to 4.8 Interrupts for more information. AVEC

for external interrupt requests can also be supplied internally by chip-select logic.

Refer to 4.9 Chip Selects for more information. The autovector function is disabled

when there is an external bus master. Refer to 4.6.6 External Bus Arbitration for

more information.

4.5.2 Dynamic Bus Sizing

The MCU dynamically interprets the port size of an addressed device during each bus
cycle, allowing operand transfers to or from 8-bit and 16-bit ports.

During a bus transfer cycle, an external device signals its port size and indicates com-
pletion of the bus cycle to the MCU through the use of the DSACK inputs, as shown in
Table 4-19. Chip-select logic can generate data size acknowledge signals for an exter-
nal device. Refer to 4.9 Chip Selects for more information.

Table 4-19 Effect of DSACK Signals

DSACK1 DSACKO Result
1

Insert wait states in current bus cycle

Complete cycle — Data bus port size is 8 bits

Complete cycle — Data bus port size is 16 bits

1
1 0
0 1
0 0 Reserved

If the CPU is executing an instruction that reads a long-word operand from a 16-bit
port, the MCU latches the first 16 bits of valid data and then runs another bus cycle to
obtain the other 16 bits. The operation for an 8-bit port is similar, but requires four read
cycles. The addressed device uses the DSACK signals to indicate the port width. For
instance, a 16-bit external device always returns DSACK for a 16-bit port (regardless
of whether the bus cycle is a byte or word operation).

Dynamic bus sizing requires that the portion of the data bus used for a transfer to or
from a particular port size be fixed. A 16-bit port must reside on data bus bits [15:0],
and an 8-bit port must reside on data bus bits [15:8]. This minimizes the number of bus
cycles needed to transfer data and ensures that the MCU transfers valid data.

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

Operand bytes are designated as shown in Figure 4-10. 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
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of a word-length operand are OPO (most significant) and OP1. The single byte of a
byte-length operand is OPO. | s

OPERAND BYTE ORDER
31 2423 1615 87 0
LONG WORD OPO OP1 OoP2 OP3
THREE BYTE OPO OP1 OP2
WORD OPO OP1
BYTE OPO

OPERAND BYTE ORDER

Figure 4-10 Operand Byte Order

4.5.3 Operand Alignment

The EBI data multiplexer establishes the necessary connections for different combina-
tions 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
SIZ[1:0] and ADDRO 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 S1Z0, depending on port width.

ADDRO also affects the operation of the data multiplexer. During a bus transfer,
ADDR[23:1] indicate the word base address of the portion of the operand to be
accessed, and ADDRO indicates the byte offset from the base.

4.5.4 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 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
operand word is transferred on a following bus cycle.

The CPU32 does not support misaligned word transfers. An attempt to do so will result
in an “address error” exception.

4.5.5 Operand Transfer Cases

Table 4-20 shows how operands are aligned for various types of transfers. OPn
entries are portions of a requested operand that are read or written during a bus cycle
and are defined by SIZ1, SIZ0, and ADDRO for that bus cycle. Table 4-20 also shows
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to what states DSACK]1:0] must be driven — either by a chip select or by external cir-

cuitry — to terminate the given bus cycle.

Table 4-20 Operand Alignment

Current DATA DATA Next
Cycle Transfer Case SIZ1 | SIZ0 | ADDRO | DSACK1 | DSACKO [15:8] [7:0] Cycle
1 Byte to 8-bit port (even) 0 1 0 1 0 OPO (oP0o)! —
2 Byte to 8-bit port (odd) 0 1 1 1 0 OPO (OPO) —
3 Byte to 16-bit port (even) 0 1 0 0 1 OPO (OPO) —
4 Byte to 16-bit port (odd) 0 1 1 0 1 (OPO) OPO —
5 Word to 8-bit port 1 0 0 1 0 oPO | (OP1) 2
(aligned)
6 Word to 8-bit port 1 0 1 1 0 opPo | (0PO) | 1
(misaligned
7 Word to 16-bit port 1| o0 0 0 1 OPO | OPL | —
(aligned)
8 Word to 16-bit port 1 0 1 0 1 (OP0) | OPO 3
(misaligned)
9 Long-word to 8-bit port | 0 0 1 0 opo | (oP1) | 13
(aligned)
Long-word to 8-bit port
10 o 2 1 0 1 1 0 OPO (OPO) 1
(misaligned)
11 Long-woro! to 16-bit port 0 0 0 0 1 OPO oP1 7
(aligned)
Long-word to 16-bit port
12 o ) 1 0 1 0 1 (OPO) OPO 3
(misaligned)
13 Three byte to 8-bit port® 1 1 1 1 0 OPO | (OPO) 5
NOTES:

1. Operands in parentheses are ignored by the CPU32 during read cycles.
2. The CPU32 does not support misaligned operand transfers.
3. Three byte transfer cases occur only as a result of an aligned long word to 8-bit port transfer.

4.6 Bus Operation

Internal microcontroller modules are typically accessed in two system clock cycles.
Regular external bus cycles use handshaking between the MCU and external periph-
erals to manage transfer size and data. These accesses take a minimum of three
system clock cycles, with no wait states. During regular cycles, wait states can be
inserted as needed by bus control logic. Refer to 4.6.2 Regular Bus Cycle for more

information.

Fast-termination cycles, which are two clock external accesses with no wait states,
use chip-select logic to generate handshaking signals internally. Refer to 4.6.3 Fast
Termination Cycles and 4.9 Chip Selects for more information. Bus control signal
timing, as well as chip-select signal timing, is specified in APPENDIX E ELECTRICAL
CHARACTERISTICS. Refer to the SCIM Reference Manual (SCIMRM/AD) for more

information about each type of bus cycle.
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4.6.1 Synchronization to CLKOUT
External devices connected to the MCU bus can operate at a clock frequency different | T'
from the frequencies of the MCU as long as the external devices satisfy the interface
signal timing constraints. Although bus cycles are classified as asynchronous, they are
interpreted relative to the MCU system clock output (CLKOUT).

Descriptions are made in terms of individual system clock states, labelled {SO, S1,
S2,..., SN}. The designation “state” refers to the logic level of the clock signal, and
does not correspond to any implemented machine state. A clock cycle consists of two
successive states. Refer to APPENDIX E ELECTRICAL CHARACTERISTICS for
more information.

Bus cycles terminated by DSACK assertion normally require a minimum of three
CLKOUT cycles. To support systems that use CLKOUT to generate DSACK and other
inputs, asynchronous input setup time and asynchronous input hold times are speci-
fied. When these specifications are met, the MCU is guaranteed to recognize the
appropriate signal on a specific edge of the CLKOUT signal.

4.6.2 Regular Bus Cycle

The following paragraphs contain a discussion of cycles that use external bus control
logic. Refer to 4.6.3 Fast Termination Cycles for more information.

To initiate a transfer, the MCU drives the address bus and the SIZ[1:0] signals. The
SIZ signals and ADDRO are externally decoded to select the active portion of the data
bus. Refer to 4.5.2 Dynamic Bus Sizing for more information. When AS, DS, and R/
W are valid, a peripheral device either places data on the bus (read cycle) or latches
data from the bus (write cycle), then asserts a DSACK]1:0] combination to indicate the
port size.

The DSACK][1:0] signals can be asserted before the data from a peripheral device is
valid on a read cycle. To ensure valid data is latched by the MCU, a maximum period
between MCU assertion of DS and supplied assertion of DSACK]J1:0] is specified.

There is no specified maximum for the period between MCU assertion of AS and sup-
plied assertion of DSACK[1:0]. Although the MCU can transfer data in a minimum of
three clock cycles when the cycle is terminated with DSACK, the MCU inserts wait
cycles in clock period increments until either DSACK1 or DSACKO goes low.

If the DSACK bus termination signals remain unasserted, the MCU will continue to
insert wait states, and the bus cycle will never end. If no peripheral responds to an
access, or if an access is invalid, external logic should assert the BERR or HALT sig-
nals to abort the bus cycle (when BERR and HALT are asserted simultaneously, the
CPU32 acts as though only BERR is asserted). When enabled, the SCIM2E bus mon-
itor asserts BERR when DSACK response time exceeds a predetermined limit. The
bus monitor timeout period is determined by the BMT[1:0] field in SYPCR. The maxi-
mum bus monitor timeout period is 64 system clock cycles.
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4.6.2.1 Read Cycle

During a read cycle, the MCU transfers data from an external memory or peripheral
device. If the instruction specifies a long-word or word operation, the MCU attempts to
read two bytes at once. For a byte operation, the MCU reads one byte. The portion of
the data bus from which each byte is read depends on operand size, peripheral
address, and peripheral port size.

Figure 4-11 is a flow chart of a word read cycle. Refer to 4.5.2 Dynamic Bus Sizing,
4.5.4 Misaligned Operands, and the SCIM Reference Manual (SCIMRM/AD) for
more information.

MCU PERIPHERAL

ADDRESS DEVICE (S0)

1) SET R/W TO READ

2) DRIVE ADDRESS ON ADDR([23:0]

3) DRIVE FUNCTION CODE ON FC[2:0]
4) DRIVE SIZ[1:0] FOR OPERAND SIZE

Y

ASSERT AS AND DS (S1)

Y

PRESENT DATA (S2)

1) DECODE ADDRESS, R/W, SIZ[1:0], DS
i < 2) PLACE DATA ON DATA[15:0] OR

DECODE DSACK (S3) DATA[15:8] IF 8-BIT DATA

3) ASSERT DSACK SIGNALS

Y
LATCH DATA (S4)

Y

NEGATE AS AND DS (S5) TERMINATE CYCLE (S5)

Y

Y 1) REMOVE DATA FROM DATA BUS
START NEXT CYCLE (S0) 2) NEGATE DSACK

RD CYC FLOW

Figure 4-11 Word Read Cycle Flowchart

4.6.2.2 Write Cycle

During a write cycle, the MCU transfers data to an external memory or peripheral
device. If the instruction specifies a long-word or word operation, the MCU attempts to
write two bytes at once. For a byte operation, the MCU writes one byte. The portion of
the data bus upon which each byte is written depends on operand size, peripheral
address, and peripheral port size.

Figure 4-12 is a flow chart of a write-cycle. Refer to 4.5.2 Dynamic Bus Sizing, 4.5.4
Misaligned Operands, and the SCIM Reference Manual (SCIMRM/AD) for more

information.
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MCU PERIPHERAL | Tl

ADDRESS DEVICE (S0)

1) SET R/W TO WRITE

2) DRIVE ADDRESS ON ADDR[23:0]

3) DRIVE FUNCTION CODE ON FC[2:0]
4) DRIVE SIZ[1:0] FOR OPERAND SIZE

ASSERT AS (S1)

!

PLACE DATA ON DATA[15:0] (S2)

ACCEPT DATA (S2 + S3)

Y

ASSERT DS AND WAIT FOR DSACK (S3)

1) DECODE ADDRESS, R/W, SIZ[1:0], DS
2) LATCH DATA FROM DATA BUS
OPTIONAL STATE (S4) - 3) ASSERT DSACK SIGNALS

NO CHANGE

!

TERMINATE OUTPUT TRANSFER (S5)

1) NEGATE DS AND AS -
2) REMOVE DATA FROM DATA BUS TERMINATE CYCLE
¢ NEGATE DSACK

START NEXT CYCLE

WR CYC FLOW

Figure 4-12 Write Cycle Flowchart

4.6.3 Fast Termination Cycles

When an external device can meet fast access timing, the fast termination option of
SCIMZ2E chip selects can provide a two-cycle external bus transfer. Because the chip-
select circuits are driven from the system clock, bus cycle termination is inherently syn-
chronized with the system clock.

If multiple chip selects are to be used to provide control signals to a single device and
match conditions can occur simultaneously, all MODE, STRB, and associated DSACK
fields must be programmed to the same value. This prevents a conflict on the internal
bus when the wait states are loaded into the DSACK counter shared by all chip-
selects.
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Fast termination cycles use internal handshaking signals generated by the chip-select
logic. To initiate a transfer, the MCU drives the address bus and the SIZ[1:0] signals.
When AS, DS, and R/W are valid, a peripheral device either places data on the bus
(read cycle) or latches data from the bus (write cycle). At the appropriate time, chip-
select logic asserts the DSACK][1:0] signals.

The DSACK field in the chip-select option registers determine whether internally gen-
erated DSACK or externally generated DSACK is used. For fast termination cycles,
the fast termination encoding (Ob1110) must be used. Refer to 4.6.3 Fast Termination
Cycles for information about fast termination setup.

The external DSACK lines are always active, regardless of the setting of the DSACK
field in the chip-select option registers. Thus, an external DSACK can always termi-
nate a bus cycle. Holding a DSACK line low will cause essentially all external bus
cycles to be three-cycle (zero wait states) accesses unless the chip-select option reg-
ister specifies fast termination accesses.

To use fast termination, an external device must be fast enough to have data ready
within the specified setup time (for example, by the falling edge of S4). Refer to
APPENDIX E ELECTRICAL CHARACTERISTICS for information about fast termina-
tion timing.

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

4.6.4 CPU Space Cycles

Function code signals FC[2:0] designate which of eight external address spaces is
accessed during a bus cycle. Address space 7 is designated as CPU space. CPU
space is used for control information not normally associated with read or write bus
cycles. Function codes are valid only while AS is asserted. Refer to 4.5.1.7 Function
Codes for more information on codes and encoding.

During a CPU space access, ADDR[19:16] are encoded to reflect the type of access
being made. Three encodings are used by the MCU, as shown in Figure 4-13. These
encodings represent breakpoint acknowledge (type 0x0) cycles, low power stop
broadcast (type 0x3) cycles, and interrupt acknowledge (type OxF) cycles. Type 0x0
and type 0x3 cycles are discussed in the following paragraphs. Refer to 4.8 Interrupts
for information about interrupt acknowledge bus cycles.

MC68F375 SINGLE-CHIP INTEGRATION MODULE 2 (SCIM2E) MOTOROLA

REFERENCE MANUAL For More Infs?matidH'®R3This Product, 4-42
Go to: www.freescale.com



Freescale Semiconductor, Inc.

CPU SPACE CYCLES

FUNCTION ADDRESS BUS

CODE
BREAKPOINT 2711 [0 |19 16' SR A
Acknowlepse 111 [0000[0000/0000000000 0fskpr#|T 0]

0 23 |19 16| 0

2
LOWPOWER T17171] Joooofoo11Jt111111111111110]
STOP BROADCAST

23 |19 16| 0

2 0
ACI(HIEII-I(—)I\E/\I?I_ITELIJDZFE [111] [1121]1111f11121111211111|eveli]
——
CPU SPACE
TYPE FIELD

CPU SPACE CYC TIM

Figure 4-13 CPU Space Address Encoding

4.6.4.1 Breakpoint Acknowledge Cycle

Breakpoints stop program execution at a predefined point during system development.
Breakpoints can be used alone or in conjunction with background debug mode. On the
MCG68F375 microcontroller, both hardware and software can initiate breakpoints.

The CPU32 BKPT instruction allows breakpoints to be inserted through software. The
CPU32 responds to this instruction by initiating a breakpoint acknowledge read cycle
in CPU space. It places the breakpoint acknowledge (0b0000) code on ADDR[19:16],
the breakpoint number (bits [2:0] of the BKPT opcode) on ADDR[4:2], and 0bO (indi-
cating a software breakpoint) on ADDRL1.

External breakpoint circuitry must decode the function code and address lines and
responds either by asserting BERR or placing an instruction word on the data bus and
asserting DSACK. If the bus cycle is terminated by DSACK, the CPU32 reads the
instruction on the data bus and inserts the instruction into the pipeline. (For 8-bit ports,
this instruction fetch may require two read cycles.)

If the bus cycle is terminated by BERR, the CPU32 performs illegal instruction excep-
tion processing. The CPU32 acquires the number of the illegal instruction exception
vector, computes the vector address from this number, loads the content of the vector
address into the PC, and jumps to the exception handler routine at that address.

Assertion of the BKPT input initiates a hardware breakpoint. The CPU32 responds by
initiating a breakpoint acknowledge read cycle in CPU space. The CPU32 places the
breakpoint acknowledge code of ObOO00 on ADDR[19:16], the breakpoint number
value of Obl111l on ADDRJ4:2], and ADDRL1 is set to Obl, indicating a hardware
breakpoint.
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External breakpoint circuitry must decode the function code and address lines, place
an instruction word on the data bus, and assert BERR. The CPU32 then performs
hardware breakpoint exception processing: it acquires the number of the hardware
breakpoint exception vector, computes the vector address from this number, loads the
content of the vector address into the PC, and jumps to the exception handler routine
at that address. If the external device asserts DSACK rather than BERR, the CPU32
ignores the breakpoint and continues processing.

When BKPT assertion is synchronized with an instruction prefetch, processing of the
breakpoint exception occurs at the end of that instruction. The prefetched instruction
is “tagged” with the breakpoint when it enters the instruction pipeline. The breakpoint
exception occurs after the instruction executes. If the pipeline is flushed before the
tagged instruction is executed, no breakpoint occurs. When BKPT assertion is syn-
chronized with an operand fetch, exception processing occurs at the end of the
instruction during which BKPT is latched.

Refer to the CPU32 Reference Manual (CPU32RM/AD) and the SCIM Reference
Manual (SCIMRM/AD) for additional information. Breakpoint operation flow for the
CPU32 is shown in Figure 4-14.
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BREAKPOINT OPERATION FLOW

CPU32

ACKNOWLEDGE BREAKPOINT

IF BREAKPOINT INSTRUCTION EXECUTED:
1) SET R/W TO READ
2) SET FUNCTION CODE TO CPU SPACE
3) PLACE CPU SPACE TYPE 0 ON ADDR[19:16]
4) PLACE BREAKPOINT NUMBER ON ADDR[4:2]
5) CLEAR T-BIT (ADDR1) TO ZERO
6) SET SIZE TO WORD
7) ASSERT AS AND DS

IF BKPT PIN ASSERTED:
1) SET R/W TO READ
2) SET FUNCTION CODE TO CPU SPACE
3) PLACE CPU SPACE TYPE 0 ON ADDR[19:16]
4) PLACE ALL ONES ON ADDR([4:2]
5) SET T-BIT (ADDR1) TO ONE
6) SET SIZE TO WORD
7) ASSERT AS AND DS

PERIPHERAL

IF BREAKPOINT INSTRUCTION EXECUTED AND
DSACK IS ASSERTED:
1) LATCH DATA
2) NEGATE AS AND DS
3) GO TO (A)

IF BKPT PIN ASSERTED AND
DSACK IS ASSERTED:

1) NEGATE AS AND DS
2) GOTO (A)

IF BERR ASSERTED: .
1) NEGATE AS AND DS
2) GOTO (B)
(A) (B)

A

IF BKPT INSTRUCTION EXECUTED:
1) PLACE REPLACEMENT OPCODE ON DATA BUS
2) ASSERT DSACK
OR:

1) ASSERT BERR TO INITIATE EXCEPTION PROCESSING

IF BKPT ASSERTED:
1) ASSERT DSACK
OR:
1) ASSERT BERR TO INITIATE EXCEPTION PROCESSING

Y

IF BKPT INSTRUCTION EXECUTED:
1) PLACE LATCHED DATA IN INSTRUCTION PIPELINE
2) CONTINUE PROCESSING

IF BKPT PIN ASSERTED:
1) CONTINUE PROCESSING

IF BKPT INSTRUCTION EXECUTED:
1) INITIATE ILLEGAL INSTRUCTION PROCESSING

IF BKPT PIN ASSERTED:
1) INITIATE HARDWARE BREAKPOINT PROCESSING

A

Y

1) NEGATE DSACK or BERR

Figure 4-14 Breakpoint Operation Flowchart

MC68F375
REFERENCE MANUAL

SINGLE-CHIP INTEGRATION MODULE 2 (SCIM2E)

For More Infs?matidH'®R3This Product,

Go to: www.freescale.com

BREAKPOINT OPERATION FLOW

MOTOROLA

4-45



Freescale Semiconductor, Inc.

4.6.4.2 LPSTOP Broadcast Cycle
Low power stop mode is initiated by the CPU32. Individual modules can be stopped | T'
by setting the STOP bits in each module configuration register. The SCIM2E can turn
off system clocks after execution of the LPSTOP instruction. When the CPU32 exe-
cutes LPSTOP, a low power stop broadcast cycle is generated. The SCIM2E brings
the MCU out of low power mode when either a reset or an interrupt of higher priority
than the interrupt mask level in the CPU32 condition code register occurs.

Refer to 4.3.8.6 Low Power Operation and SECTION 3 CENTRAL PROCESSOR
UNIT for more information.

During an LPSTOP broadcast cycle, the CPU32 performs a CPU space write to
address Ox3FFFE. This write puts a copy of the interrupt mask value in the clock con-
trol logic. The mask is encoded on the data bus as shown in Figure 4-15.

The LPSTOP CPU space cycle is shown externally (if the bus is available) as an indi-
cation to external devices that the MCU is going into low power stop mode. The
SCIMZ2E provides an internally generated DSACK response to this cycle. The timing
of this bus cycle is the same as for a fast termination write cycle. If the bus is not avail-
able (arbitrated away), the LPSTOP broadcast cycle is not shown externally.

NOTE
BERR assertion during the LPSTOP broadcast cycle is ignored.

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

ojofojojfojojofojofojofo]0O| IPMASK

LPSTOP MASK LEVEL

Figure 4-15 LPSTOP Interrupt Mask Encoding on DATA[15:0]

4.6.5 Bus Exception Control Cycles

An external device or a chip-select circuit must assert at least one of the DSACK][1:0]
signals or the AVEC signal to terminate a bus cycle normally. Bus exception control
cycles are used when bus cycles are not terminated in the expected manner.

Acceptable bus cycle termination sequences are summarized as follows. The case
numbers refer to Table 4-21, which indicates the results of each type of bus cycle
termination.

* Normal Termination
— DSACK is asserted; BERR and HALT remain negated (case 1).
» Halt Termination
— HALT is asserted at the same time or before DSACK, and BERR remains
negated (case 2).
* Bus Error Termination
— BERR is asserted in lieu of, at the same time as, or before DSACK (case 3),
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or after DSACK (case 4), and HALT remains negated; BERR is negated at the
same time or after DSACK.
* Retry Termination

— HALT and BERR are asserted in lieu of, at the same time as, or before DSACK
(case 5) or after DSACK (case 6); BERR is negated at the same time or after
DSACK; HALT may be negated at the same time or after BERR.

Table 4-21 shows various combinations of control signal sequences and the resulting
bus cycle terminations.

Table 4-21 DSACK, BERR, and HALT Assertion Results

c Asserted on Rising
ase ; Edge of State
Number | Control Signal 19 RSl
N N+ 2
DSACK A2 s*
1 BERR NA3 NA Normal termination.
HALT NA x5
DSACK A S Halt termination: normal cycle terminate and halt.
2 BERR NA NA | Continue when HALT is negated
HALT AIS S e
DSACK NA/A X Bus error termination: terminate and take bus error
3 BERR A S exception, possibly deferred
HALT NA X Priom, PossbY '
DSACK A X Bus error termination: terminate and take bus error
4 BERR A S exception, possibly deferred
HALT NA NA Priom, PossbY '
DSACK NA/A X ination: i i
. e A S E:traytézrmlnatlon. terminate and retry when HALT is
HALT AIS S gated.
DSACK A X ination: i i
] i NA A Eeet;yt;zrmlnatlon. terminate and retry when HALT is
HALT NA A gared
NOTES:

1. N = The number of current even bus state (S2, S4, etc.).

2. A = Signal is asserted in this bus state.

3. NA = Signal is not asserted in this state.

4. X =Don't care.

5. S = Signal was asserted in previous state and remains asserted in this state.

To control termination of a bus cycle for a retry or a bus error condition properly,
DSACK, BERR, and HALT must be asserted and negated with the rising edge of CLK-
OUT. This ensures that when two signals are asserted simultaneously, the required
setup time and hold time for both of them are met for the same falling edge of the MCU
clock. Refer to APPENDIX E ELECTRICAL CHARACTERISTICS for timing require-
ments. External circuitry that provides these signals must be designed with these
constraints in mind, or else the internal bus monitor must be used.

DSACK, BERR, and HALT may be negated after AS is negated.
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WARNING
If DSACK or BERR remain asserted into S2 of the next bus cycle, | T'
that cycle may be terminated prematurely.

4.6.5.1 Bus Errors

The CPU32 treats bus errors as a type of exception. Bus error exception processing
begins when the CPU32 detects assertion of the IMB BERR signal (by the internal bus
monitor or an external source) while the HALT signal remains negated.

BERR assertions do not force immediate exception processing. The signal is synchro-
nized with normal bus cycles and is latched into the CPU32 at the end of the bus cycle
in which it was asserted. Because bus cycles can overlap instruction boundaries, bus
error exception processing may not occur at the end of the instruction in which the bus
cycle begins. Timing of BERR detection/acknowledge is dependent upon several
factors:

» Which bus cycle of an instruction is terminated by assertion of BERR.

» The number of bus cycles in the instruction during which BERR is asserted.

* The number of bus cycles in the instruction following the instruction in which
BERR is asserted.

» Whether BERR is asserted during a program space access or a data space ac-
cess.

Because of these factors, it is impossible to predict precisely how long after occur-
rence of a bus error the bus error exception is processed.

CAUTION

The external bus interface does not latch data when an external bus
cycle is terminated by a bus error. When this occurs during an
instruction prefetch, the IMB precharge state (bus pulled high, or
OxFFFF) is latched into the CPU32 instruction register, with indeter-
minate results.

4.6.5.2 Double Bus Faults

Exception processing for bus error exceptions follows the standard exception process-
ing sequence. Refer to 3.9 Exception Processing for more information. However, a
special case of bus error, called double bus fault, can abort exception processing.

BERR assertion is not detected until an instruction is complete. The BERR latch is
cleared by the first instruction of the BERR exception handler. Double bus fault occurs
in three ways:

1. When bus error exception processing begins and a second BERR is detected
before the first instruction of the exception handler is executed.

2. When one or more bus errors occur before the first instruction after a reset ex-
ception is executed.

3. A bus error occurs while the CPU32 is loading information from a bus error
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Multiple bus errors within a single instruction that can generate multiple bus cycles

stack frame during a return from exception (RTE) instruction.
| =
cause a single bus error exception after the instruction has been executed.

Immediately after assertion of a second BERR, the MCU halts and drives the HALT
line low. Only a reset can restart a halted MCU. However, bus arbitration can still
occur. Refer to 4.6.6 External Bus Arbitration for more information. A bus error or
address error that occurs after exception processing has been completed (during the
execution of the exception handler routine, or later) does not cause a double bus fault.
The MCU continues to retry the same bus cycle as long as the external hardware
requests it.

4.6.5.3 Retry Operation

When an external device asserts BERR and HALT during a bus cycle, the MCU enters
the retry sequence. A delayed retry can also occur. The MCU terminates the bus cycle,
places the AS and DS signals in their inactive state, and does not begin another bus
cycle until the BERR and HALT signals are negated by external logic. After a synchro-
nization delay, the MCU retries the previous cycle using the same address, function
codes, data (for a write), and control signals. The BERR signal should be negated
before S2 of the read cycle to ensure correct operation of the retried cycle.

If BR, BERR, and HALT are all asserted on the same cycle, the EBI will enter the rerun
sequence but first relinquishes the bus to an external master. Once the external mas-
ter returns the bus and negates BERR and HALT, the EBI runs the previous bus cycle.
This feature allows an external device to correct the problem that caused the bus error
and then try the bus cycle again.

The MCU retries any read or write cycle of an indivisible read-modify-write operation
separately. RMC remains asserted during the entire retry sequence. The MCU will not
relinquish the bus while RMC is asserted. Any device that requires the MCU to give up
the bus and retry a bus cycle during a read-modify-write cycle must assert BERR and
BR only (HALT must remain negated). The bus error handler software should examine
the read-modify-write bit in the special status word and take the appropriate action to
resolve this type of fault when it occurs. Refer to the SCIM Reference Manual (SCI-
MRM/AD) for additional information on read-modify-write and retry operations.

4.6.5.4 Halt Operation

When HALT is asserted while BERR is not asserted, the MCU halts external bus activ-
ity after negation of DSACK. The MCU may complete the current word transfer in
progress. For a long-word to byte transfer, this could be after S2 or S4. For a word to
byte transfer, activity ceases after S2.

Negating and reasserting HALT according to timing requirements provides single-step
(bus cycle to bus cycle) operation. The HALT signal affects external bus cycles only,
so that a program that does not use the external bus can continue executing.
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During dynamically-sized 8-bit transfers, external bus activity may not stop at the next
cycle boundary. Occurrence of a bus error while HALT is asserted causes the CPU32
to initiate a retry sequence.

When the MCU completes a bus cycle while the HALT signal is asserted, the data bus
goes into a high-impedance state and the AS and DS signals are driven to their inac-
tive states. Address, function code, size, and read/write signals remain in the same
State.

The halt operation has no effect on bus arbitration. However, when external bus arbi-
tration occurs while the MCU is halted, address and control signals go into a high-
iImpedance state. If HALT is still asserted when the MCU regains control of the bus,
address, function code, size, and read/write signals revert to the previous driven
states. The MCU cannot service interrupt requests while halted.

4.6.6 External Bus Arbitration

The MCU bus design provides for a single bus master at any one time. Either the MCU
or an external device can be master. Bus arbitration protocols determine when an
external device can become bus master. Bus arbitration requests are recognized dur-
ing normal processing, HALT assertion, and when the CPU32 has halted due to a
double bus fault.

The MCU bus controller manages bus arbitration signals so that the MCU has the low-
est priority. External devices that need to obtain the bus must assert bus arbitration
signals in the sequences described in the following paragraphs.

Systems that include several devices that can become bus master require external cir-
cuitry to assign priorities to the devices, so that when two or more external devices
attempt to become bus master at the same time, the one having the highest priority
becomes bus master first. The protocol sequence for assuming bus mastership from
the MCU is:

1. An external device asserts the bus request signal (ﬁ).
2. The MCU asserts the bus grant signal (BG) to indicate that the bus is available.

3. An external device asserts the bus grant acknowledge (BGACK) signal to indi-
cate that it has assumed bus mastership.

BR can be asserted during a bus cycle or between cycles. BG is asserted in response
to BR. To guarantee operand coherency, BG is only asserted at the end of operand
transfer.

If more than one external device can be bus master, required external arbitration must
begin when a requesting device receives BG. An external device must assert BGACK
when it assumes mastership, and must maintain BGACK assertion as long as it is bus
master.

Two conditions must be met for an external device to assume bus mastership. The
device must receive BG through the arbitration process, and BGACK must be inactive,
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indicating that no other bus master is active. This technique allows the processing of
bus requests during data transfer cycles. | T|

BGis negated a few clock cycles after BGACK transition. However, if bus requests are
still pending after E BG is negated, the MCU asserts BG again within a few clock cycles.
This additional BG assertion allows external arbitration circuitry to select the next bus
master before the current master has released the bus.

Refer to Figure 4-16 which shows bus arbitration for a single device. The flow chart
shows BR negated at the same time BGACK is asserted. Refer to the SCIM Refer-
ence Manual (SCIMRM/AD) for more information on bus arbitration.

MCU REQUESTING DEVICE

REQUEST THE BUS

1) ASSERT BUS REQUEST (BR)

A

GRANT BUS ARBITRATION

1) ASSERT BUS GRANT (BG)

ACKNOWLEDGE BUS MASTERSHIP

1) EXTERNAL ARBITRATION DETERMINES
NEXT BUS MASTER

2) NEXT BUS MASTER WAITS FOR BGACK
TO BE NEGATED

3) NEXT BUS MASTER ASSERTS BGACK
TO BECOME NEW MASTER.

4) BUS MASTER NEGATES BR

TERMINATE ARBITRATION

A

1) NEGATE BG (AND WAIT FOR
BGACK TO BE NEGATED) > OPERATE AS BUS MASTER

1) PERFORM DATA TRANSFERS (READ AND
WRITE CYCLES) ACCORDING TO THE SAME
RULES THE PROCESSOR USES

Y

RELEASE BUS MASTERSHIP

RE-ARBITRATE OR RESUME PROCESSOR 1) NEGATE BGACK
OPERATION

BUS ARB FLOW

Figure 4-16 Bus Arbitration Flowchart for Single Request

4.6.6.1 Show Cycles
The MCU normally performs internal data transfers without affecting the external data
bus, but it is possible to show these transfers during debugging. AS is not asserted
externally during show cycles.

Show cycles are controlled by SHEN[1:0] in SCIMMCR. This field set to 0b0O0 by reset.
When show cycles are disabled, the address bus, function codes, size, and read/write
signals reflect internal bus activity, but AS and DS are not asserted externally and
external data bus pins are in a high-impedance state during internal accesses. Refer
to 4.2.5 Show Internal Cycles and the SCIM Reference Manual (SCIMRM/AD) for
more information.
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When show cycles are enabled, DS is asserted externally during internal cycles, and
internal data is driven out on the external data bus. Because internal cycles normally
continue to run when the external bus is granted, one SHEN[1:0] encoding halts inter-
nal bus activity while there is an external master.

The SIZ[1:0] signals reflect bus allocation during show cycles. Only the appropriate
portion of the data bus is valid during the cycle. During a byte write to an internal
address, the portion of the bus that represents the byte that is not written reflects inter-
nal bus conditions, and is indeterminate. During a byte write to an external address,
the data multiplexer in the SCIM2E drives the value of the byte that is written to both
halves of the data bus.

4.7 Reset

Reset occurs when an active low logic level on the RESET pin is clocked into the
SCIM2E. The RESET input is synchronized to the system clock. If there is no clock
when RESET is asserted, reset does not occur until the clock starts. Resets are
clocked to allow completion of write cycles in progress at the time RESET is asserted.

Reset procedures handle system initialization and recovery from catastrophic failure.
The MCU performs resets with a combination of hardware and software. The SCIM2E
determines whether a reset is valid, asserts control signals, performs basic system
configuration and boot memory selection based on hardware mode-select inputs, then
passes control to the CPU32.

4.7.1 SCIM2E Reset Control Logic

The SCIMZ2E reset control logic differs somewhat from the SCIM. Do not use informa-
tion in SCIM documentation for the SCIM2E. As with the SCIM, the asserted state of
the external reset pin is ‘0’. The released state is ‘1. The external circuit must make
some provision to pull the reset pin high (usually, just a pullup resistor and a capacitor
to ground) when the SCIM2'’s reset controller releases reset. The specified maximum
time in which external circuit must release the reset pin (the input signal must be at or
above VIH) has been extended by approximately 180 clock cycles (22.5 us at eight
MHz for slow reference clock mode, 45 us at four MHz for fast reference clock mode,
for more information about clock modes, see 4.3 System Clock.

For the SCIM, reset must rise to VIH within 10 clocks (1.25 us at eight MHz). For appli-
cations that meet the current requirements of the SCIM’s reset timing, no apparent
change in reset timing will occur on the SCIM2E. Reset vector fetch and code execu-
tion for the SCIM2E will begin after the 10th clock as it does on the SCIM. Applications
that do not pull reset high by the end of the first 10 clocks are effectively given one
more chance to have properly released reset by the 190th clock (180 clocks after the
end of the initial 10-clock period). If reset has not been released by this time, reset is
re-asserted by the SCIM2’s reset controller for 512 clocks, reset configuration is again
latched from the data bus, and the sequence is repeated.
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4.7.1.1 SCIM2E Reset Control Flow

The reset control flow for SCIM2 is depicted in Figure 4-17. This is the same as the | T'
original flow with one exception: After the external system is given the 10 clocks to pull

reset high, the reset pin is sampled. If it is not high, the external system is given one

more opportunity to pull it high. This time period is 180 clocks long. At the end of this
second period, if the external system has negated reset, code execution begins. Oth-
erwise, the reset controller loops back into the 512-clock hard reset sequence after
waiting for the reset pin to go high. The boxes that have been added to the original

reset control flow are shaded for easy identification.
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Power-on reset

(while asserting ext. reset)

—\, }

No PLL locked? No Ext reset asserted?

Yes

|

512 clock countdown

(while asserting ext. reset)

v

Latch databus config and reconfigure

(while asserting ext. reset)

l Note: The reset flow depicted
10 clock countdown here is only for POR and exter-
(external reset is not driven) nally asserted reset. The reset
flow when initiated by other
l sources is not shown.

Ext reset asserted?

Yes

|

180 clock countdown
(external reset is not driven)

|

Yes

Ext reset asserted?

No

v

Fetch reset vector and run code until
reset is asserted from any source

(external reset is not driven)

Figure 4-17 SCIM2 Reset Control Flow
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4.7.2 Reset Exception Processing

The CPU32 processes resets as a type of asynchronous exception. An exception is
an event that preempts normal processing and can be caused by internal or external
events. Exception processing makes the transition from normal instruction execution
to execution of a routine that deals with an exception. Each exception has an assigned
vector that points to an associated handler routine. These vectors are stored in the
exception vector table. The exception vector table consists of 256 four-byte vectors
and occupies 1024 bytes of address space. The CPU32 uses vector numbers to cal-
culate displacement into the table. Refer to 3.9 Exception Processing for more
information.

Reset is the highest-priority CPU32 exception. Unlike all other exceptions, a reset
occurs at the end of a bus cycle and not at an instruction boundary. Handling resets in
this way prevents write cycles in progress at the time the reset signal is asserted from
being corrupted. However, any processing in progress is aborted by the reset excep-
tion and cannot be restarted. Only essential reset tasks are performed during
exception processing. Other initialization tasks must be accomplished by the excep-
tion handler routine.

NOTE

External circuitry is required to disable external bus configuration
logic until DS and R/W are negated to ensure that bus cycles in
progress at the time RESET is asserted complete correctly.

4.7.3 Reset Source Summary

SCIMZ2E reset control logic determines the cause of a reset, synchronizes request sig-
nals to CLKOUT, and asserts reset control logic. All resets are gated by CLKOUT.
Asynchronous resets can occur on any clock edge and are assumed to be cata-
strophic. Synchronous resets are timed to occur at the end of bus cycles. When a
synchronous reset is detected, the SCIM2E bus monitor is automatically enabled. If
the bus cycle during which a synchronous reset is detected does not terminate nor-
mally, the bus monitor will terminate the cycle and allow the reset to proceed. Table
4-22 is a summary of reset sources.

Table 4-22 Reset Source Summary

Type Source Timing

External Assertion of RESET pin Synchronous

Power on Rising voltage on Vpp Asynchronous

Software watchdog Timeout of software watchdog Asynchronous

Halt Halt monitor (e.g. double bus fault) Asynchronous

Loss of clock Reference failure caught by loss of clock detector Synchronous

Test Test submodule Synchronous
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Internal byte and aligned word write cycles are guaranteed valid for synchronous
resets. External writes will also complete uncorrupted, provided the data bus is condi-
tioned with a circuit that incorporates RESET, such as that shown in Figure 4-19.

4.7.4 Reset Status Register

The reset status register (RSR) contains a bit for each reset source in the MCU. When
a reset occurs, a bit corresponding to the reset type is set. When multiple causes of
reset occur at the same time, more than one bit in RSR may be set. The reset status
register is updated by the reset control logic when RESET is released.

RSR — Reset Status Register OxYF FAOQ6
MSB LSB
'SP 13 12 1 10 9 8 7 6 5 4 3 2 1 >

Reserved EXT |Pow | sw | HLT | o Re- | sys | TsT

served

Table 4-23 RSR Bit Descriptions

Bit(s) Name Description
15:8 — Reserved
7 EXT External reset. Reset caused by the RESET pin.
6 POW Power-up reset. Reset caused by the power-up reset circuit.
5 SW Software watchdog reset. Reset caused by the software watchdog circuit.
4 HLT Halt monitor reset. Reset caused by the halt monitor.
3:2 — Reserved
1 SYS System reset. Reset caused by a RESET instruction.
0 TST Test submodule reset. Reset caused by the test submodule. Used during factory test reserved

operating mode only.

This register can be read at any time; a write has no effect. Bits [15:8] are reserved
and always read zero.

4.7.5 Reset Timing

When an external device asserts the RESET pin for at least four clock cycles, the sig-
nal will be latched and held internally until completion of the current bus cycle. Any
further processing of the reset exception is then delayed until the SCIM2E reset control
logic detects that the RESET pin is no longer being externally driven. Two clock cycles
will elapse (during which time the pullup resistor on RESET will pull the pin high) while
the reset control logic switches the RESET pin from an input to an output. RESET wiill
then be driven low for 512 clock cycles.

If a synchronous internal reset is detected (e.g., from the loss of clock detector or the
test submodule), the reset control logic will wait for bus cycle completion and then
drive RESET low for 512 clock cycles. An asynchronous internal reset (e.g., from the
halt monitor or the software watchdog) will immediately drive RESET low for 512 clock
cycles without waiting for the current bus cycle to complete.

MC68F375 SINGLE-CHIP INTEGRATION MODULE 2 (SCIM2E) MOTOROLA

REFERENCE MANUAL For More Infs?matidH'®R3This Product, 4-56
Go to: www.freescale.com



Freescale Semiconductor, Inc.

After the 512-clock cycle assertion of the RESET pin, the processing flow for both
internal and external resets is the same. The SCIM2E reset control logic will release
the RESET pin and read configuration information from BERR, BKPT, and
DATA[15:0]. Refer to 4.7.8 Operating Configuration Out of Reset for more
information.

Ten clock cycles will elapse to allow the pull-up resistor on RESET to pull the pin high.
The reset control logic will then sample the RESET pin. If the pin is high, the reset con-
trol logic will release the external bus interface (EBI) and allow the reset vector to be
fetched. If RESET is still low, 180 clock cycles will elapse, and the reset control logic
will sample the pin again. As above, if RESET is high, processing will resume and the
reset vector will be fetched.

If RESET still has not risen to logic one, the reset control logic will begin the external
reset sequence as described at the beginning of this section. Further reset exception
processing will not proceed until RESET is sampled at logic one after the 10-clock
cycle or 180-clock cycle delays described above. Figure 4-18 depicts the reset
sequence for the SCIM2E.

4.7.6 Power-On Reset

Power-on reset (POR) operation involves special circumstances related to the appli-
cation of system power and, if the PLL is used, clock synthesizer power. Vpp ramp
time affects pin state during reset. Slow Vpp ramp times can leave MCU pins in an
indeterminate state longer than is desired or is tolerable in some applications.

When the PLL is used to generate the MCU system clock, oscillator start up time also
determines how long MCU pins remain in an indeterminate state. Immediate applica-
tion of Vppsyn/MODCLK power and careful attention to crystal specifications and
oscillator circuit design play an important role in minimizing start up time.

Grounding Vppsyn/MODCLK places the MCU in external clock mode, initially operat-
ing at the frequency input on the EXTAL pin. In this case, any events requiring clock
cycles during POR will occur as quickly as those clock cycles are input on the EXTAL

pin.

Power-on reset activates a circuit in the SCIM2E that asserts the internal and external
RESET lines. As Vpp ramps up to the minimum operating voltage, the PLL (if enabled)
begins to generate the system clock and the internal RESET line is negated. This ini-
tializes SCIMZ2E pins the values shown in Table 4-24.

At this point, POR will proceed no further until the PLL locks at two or 256 times f,¢ in
fast or slow reference modes, respectively. Reset exception processing will then con-
tinue as outlined in 4.7.5 Reset Timing. In external clock mode, the PLL is disabled
which permits normal reset exception processing as soon as the internal RESET line
is negated.

The SCIM2E propagates RESET and the system clock to all other MCU modules.
Once the clock is running and internal RESET is asserted for at least four clock cycles,
these modules reset. Vpp and PLL ramp up times determine how long these four clock
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seconds. During this period, MCU pins may be in an indeterminate state. While pull-
up resistors may be used on input only pins, active logic will be required to condition
input/output or output only pins.

cycles take. Worst case occurs in slow reference mode and is approximately 15 milli-
| =

Figure 4-18 depicts the timing of the power-on reset sequence.

S m— | A R EnR

VCO |
LOCK

Voo Q. ® 1.6 | .o
=2 / A
BUS
CYCLES
BUS STATE ADDRESS AND ® ®
> CONTROL SIGNALS o
UNKNOWN THREE-STATED

NOTES:
1. TWO CLOCK CYCLE DELAY REQUIRED BY RESET CONTROL LOGIC TO SWITCH RESET PIN FROM INPUT TO OUTPUT.

2. RESET CONTROL LOGIC DRIVES THE RESET PIN LOW FOR 512 CLOCK CYCLES TO GUARANTEE THIS LENGTH OF RESET TO THE ENTIRE SYSTEM.

3. TEN CLOCK CYCLE DELAY DURING WHICH THE RESET PIN IS NO LONGER DRIVEN AND IS ALLOWED TO RISE TO A LOGIC ONE. OPERATING
CONFIGURATION IS LATCHED FROM DATA[15:0] AND BERR WHEN THIS DELAY BEGINS.

4. ADDITIONAL 180 CLOCK DELAY PROVIDED BY RESET CONTROL LOGIC TO ALLOW THE RESET PIN TO RISE TO A LOGIC ONE IF IT DID NOT DO SO DURING
THE PRIOR 10 CLOCK CYCLES.

5. INTERNAL START-UP TIME.
6. FIRST INSTRUCTION FETCHED.

SCIM2E POR TIM

Figure 4-18 Power-On Reset

4.7.7 Pin State During Reset

Itis important to keep the distinction between pin function and pin electrical state clear.
Although control register values and mode select inputs determine pin function, a pin
driver can be active, inactive, or in a high impedance state when reset occurs. During
power-on reset, pin state is subject to the constraints discussed in 4.7.6 Power-On
Reset.

NOTE

Pins that are not used should either be configured as outputs (if pos-
sible) or as inputs and be pulled to an appropriate inactive state. This
decreases unnecessary current consumption caused by digital
inputs floating near mid-supply level.

4.7.7.1 Reset States of SCIM2E Pins

Generally, while RESET is asserted, SCIM2E pins either go into a high-impedance
state or are driven to their inactive states. Operating mode selection occurs when
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RESET is released. Mode select inputs are driven to the appropriate states at this
time. Use an active circuit, such as that shown in Figure 4-19, for this purpose. Table
4-24 shows the state of SCIM2E pins during reset.

Table 4-24 SCIM2E Pin States During Reset

Pin(s) Pin State During RESET
ADDR[2:0] High-Z
ADDR[10:3]/PB[7:0] High-Z
ADDR[18:11]/PA]7:0] High-Z
ADDR[22:19]/&[9:6]/PC[6:3] Vpp
ADDR23/CS10/ECLK Vop
AS/PE5 High-Z
AVEC/PE2 High-Z
BERR Mode Select Input
BG/CSM Vbp
BGACK/CSE Vbp
BR/CSO Vbp
CLKOUT Output
CSBOOT Vbb

DATA[7:0)/PH[7:0]

Mode Select Inputs

DATA[15:8]/PG[7:0]

Mode Select Inputs

DS/PE4 High-Z
DSACKO/PEO High-Z
DSACK1/PE1 High-Z
FASTREF/PFO Mode Select Input
FCO/CS3/PCO Vbb

FC1/PC1 Vbb
FC2/CS3/PC2 Vbp

HALT High-Z
IRQ[7:1]/PF[7:1] High-Z
PE3 High-Z
R/W High-Z
RESET Asserted
SIZ[1:0)/PE[7:6] High-Z
TSC Three State Enable Input

4.7.7.2 Reset States of Pins Assigned to Other MCU Modules

As a rule, module pins that can be configured for general purpose 1/0O go into a high-
impedance state during reset. However, during power-on reset, module port pins may
be in an indeterminate state for a short period of time. Refer to 4.7.6 Power-On Reset
for more information.
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4.7.8 Operating Configuration Out of Reset
| Tl

When RESET is released, the SCIM2E acquires setup information from several MCU
pins. Individually or in groups, these pins control the four basic areas of MCU config-
uration outlined in Table 4-25.

Table 4-25 Pins Associated with Basic Configuration Options

Option Controlling Pins
Background Debug Mode Disable/Enable BKPT
Flash/ROM Module Disable/Enable DATA[15:12]
Operating Mode Selection BERR, DATAL
SCIM2E 1/0O Port Configuration DATA[11:2], DATAO

Clock mode is not listed in Table 4-25 because it is not selected when RESET is
released. Instead, it is latched immediately from Vppgyn/MODCLK and FASTREF/
PFO upon assertion of RESET. Refer to 4.3.1 System Clock Sources for more
information.

4.7.8.1 Operating Mode Selection

The logic states of BERR and DATAL determine MCU operating mode when RESET
is released. Care should be taken to guarantee that BERR is driven to a known state
during reset. Unlike DATAL which has a weak pull-up resistor, no conditioning circuitry
is present on the BERR pin. If BERR is allowed to float during reset, improper mode
determination may occur. Operating mode selection is summarized in Table 4-26.

The configuration of the SCIM2E EBI is dependent on operating mode. ADDR[18:3]
serve as general purpose I/O ports A and B when the MCU is running in single-chip
mode. DATA[7:0] serve as general purpose 1/O port H in the single-chip and 8-bit
expanded modes, and DATA[15:8] serve as general purpose I/0O port G in single-chip
mode.
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Table 4-26 Mode Configuration During Reset

Mode Effect of Effect of Default for Default
Pin(s) Affected Select Pin Mode Pin High | Mode Pin Low | 8-Bit Data Bus Single Chip
During RESET | During RESET Mode 11 Mode 01, 00
A[18:3] . A[18:3] = PortA, B
D[15:0] BERR Expanded Single Chip D[15:0] = Port G, H
_ VCO= EXTAL=
MODCK System Clock System Clock Decode MODCK | Decode MODCK
. BGND Mode BGND Mode
BKPT Disabled Enabled Decode BKPT Decode BKPT
CSBOOT DO 16-bit 8-bit 8-bit 8-bit
D[7:0] D1 8-Bit Data Bus 16-Bit Data Bus | D[7:0] = Port H Ignored
BR/CSO CSo BR CSo Cso
FCO0/CS3/PCO D2 CSs3 FCO CSs3 PCO
FC1/PC1 FC1 FC1 FC1 PC1
FC2/CS5/PC2 CS5 FC2 CS5 PC2
A19/CS6/PC3 D3-D7 CSs6 A19 Cs6 PC3
A20/CS7/PC4 D4-D7 Cs7 A20 Cs7 PC4
A21/CS8/PC5 D5-D7 CSss8 A21 CSs8 PC5
A22/CS9/PC6 D6-D7 CS9 A22 CS9 PC6
A23/CS10/E D7 Cs10 A23 Cs10 CS10
DSACKO/PEO DSACKO PEO — (Decode D8) | PEO
DSACK1/PE1 DSACK1 PE1 — PE1
AVEC/PE2 AVEC PE2 — PE2
RMC/PE3 D8 RMC PE3 — PE3
DS/PE4 DS PE4 — PE4
AS/PES AS PES — PES
SIZ0/PE6 SI1Z0 PE6 — PE6
SIZ1/PE7 SiZ1 PE7 — PE7
FASTREF/PFO MODCK PFO — (Decode D9) | PFO
IRQ1/PF1 IRQ1 PF1 — PF1
IRQ2/PF2 IRQ2 PF2 — PF2
IRQ3/PF3 D9 IRQ3 PF3 — PF3
IRQ4/PF4 IRQ4 PF4 — PF4
IRQ5/PF5 IRQ5 PF5 — PF5
IRQ6/PF6 IRQ6 PF6 — PF6
IRQ7/PF7 IRQ7 PF7 — PF7
D10
D11
D12-15
BGACK/BG CSE/CSM BGACK/BG BGACK/BG
D10 Emulator mode |Emulator mode |Emulator mode |Emulator mode
disabled enabled disabled disabled
BGACK/CSE
BG/CSM D11 S.Iave mode Slave mode S.Iave mode S.Iave mode
disabled enabled disabled disabled
D12 Not used
D13 CMFI and ROM EMUL enable (high = enabled, low = disabled)
D14 ROM STOP (high = enabled, low = disabled)
D15 CMFI STOP (high = enabled, low = disabled)

In single-chip mode, the default setting of the address bus disable (ABD) bit places
ADDRJ2:0] in a high-impedance state to reduce noise emissions. ADDR[2:0] function
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as normal address bus pins in expanded operating modes. Refer to 4.2.4 Noise
Reduction in Single-Chip Mode and APPENDIX A INTERNAL MEMORY MAP for
information on the address bus disable bit (ABD).

The ADDR[23:19] pins have multiple functions as high-order address lines, chip
selects, or discrete outputs and are configured differently depending on operating
mode selection and data bus conditioning when RESET is released. The following
paragraphs contain a summary of pin configuration options for each external bus
configuration.

4.7.8.2 Data Bus Mode Selection

DATA[15:0] have weak internal pull-up devices. When pins are held high by the inter-
nal pull-ups, the MCU uses a default operating configuration. Specific lines can be held
low externally during reset to achieve alternate configurations.

NOTE

External bus loading can overcome the weak internal pull-up devices
on data bus lines and hold pins low during reset.

Use an active device to properly configure data bus lines while RESET is low. Data
bus configuration logic must release the bus before the first bus cycle after reset to
prevent conflict with external memory devices. The first bus cycle occurs ten CLKOUT
cycles after RESET is released. If external mode selection logic causes a conflict of
this type, an isolation resistor on the driven lines may be required. Figure 4-19 shows
a recommended method for conditioning the data bus mode select signals.

The mode configuration drivers are conditioned with R/W and DS to prevent conflicts
between external devices and the MCU when RESET is asserted. If RESET is
asserted during an external write cycle, R/W conditioning (as shown in Figure 4-19)
prevents corruption of the data during the write. Similarly, DS conditions the mode con-
figuration drivers so that external reads are not corrupted when RESET is asserted
during an external read cycle.
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Figure 4-19 Preferred Circuit for Data Bus Mode Select Conditioning

Alternate methods can be used for driving data bus pins low during reset. Figure 4-20
shows two of these options.

NOTE

These simpler circuits do not offer the protection from potential mem-
ory corruption during RESET assertion as does the circuit shown in
Figure 4-19.
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RESET 2N3906

1N4148

RESET —

ALTERNATE DATA BUS CONDITION CIRCUIT

Figure 4-20 Alternate Circuit for Data Bus Mode Select Conditioning

In the simpler of these two circuits, a resistor is connected in series with a diode from
the data bus pin to the RESET line. A bipolar transistor can be used for the same pur-
pose, but an additional current limiting resistor must be connected between the base
of the transistor and the RESET pin. If a MOSFET is substituted for the bipolar tran-
sistor, only the 1 KQ isolation resistor is required.

4.7.8.3 Single-Chip Mode

When BERR = 0 at the release of RESET, single-chip operation is selected. BERR
must return to a logic 1 before the first bus cycle after reset to insure proper device
operation. The external bus interface is essentially disabled in single-chip mode, and
SCIMZE pins generally serve as discrete inputs and outputs. The behavior of specific
pin groups is discussed in the following paragraphs.

NOTE

The paragraphs that follow describe the behavior of SCIM2E pins in
single-chip mode only. Sections that follow cover 16-bit and 8-bit
expanded modes.

ADDR[2:0] have no discrete 1/O function in single-chip mode. These pins are placed
in a high-impedance state at power-on but can be enabled by clearing the ABD bit in
SCIMMCR.

ADDRJ[18:11] become port A input/output pins PA[7:0], and ADDR[10:3] become port
B input/output pins PBJ[7:0]. Each port is configurable entirely as inputs or outputs on
a per port basis by the DDA and DDB bits in the port A/B data direction register
(DDRAB).

Special attention should be paid to chip-select pins in single-chip mode. While each
chip-select base address register and option register is active and may be pro-
grammed as desired, a match condition will not assert the corresponding pin. For this
reason, chip selects should be used expressly to provide autovector termination of
interrupt acknowledge cycles generated in response to assertion of the IRQ[7:1] pins.
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Because match conditions do not result in chip-select assertion, the 0b10 (8-bit port)
and 0b11 (16-bit port) encodings of the pin assignment fields in CSPARO and CSPARL1 | T[
serve only to drive pins so configured high at all times. Consequently, any chip select |

may provide autovector termination, even if its pin assignment field in CSPARO or

CSPAR1 is programmed with the Ob0O (discrete output) or ObO1 (alternate function)
encoding.

The first chip select that should be used for autovector termination in single-chip mode
Is CSBOOQOT; it has no discrete output or alternate function capability. Although typically
not needed in single-chip mode, the SCIM2E bus arbitration feature may be used
when the BR/CS0, BG/CSM, and BGACK/CSE pins are configured for their alternate
functions. Of these three pins, only BR/CSO can provide autovector termination. The
CSM and CSE chip selects function in emulation mode only and are not user
programmable.

CSPARQO initially configures the SCIM2E function code pins FC[2:0] as port C discrete
outputs PCJ[2:0]. Each pin may, however, still operate as a function code output, and
when configured as such, will be driven during appropriate bus cycles. The chip-select
functions of FCO/CS3/PCO0 and FC2/CS5/PC2 may also be used for autovector termi-
nation in the fashion described above.

ADDR[22:19]/CS[9:6]/PC[6:3] are initially configured as port C discrete outputs
PCJ6:3] by chip-select pin assignment register 1 (CSPAR1). Each pin may, however,
still operate as an address line, and when configured as such, will be driven during
appropriate bus cycles.

CSPARL1 initially configures ADDR23/CS10/ECLK as a 16-bit chip select (Ob11 pin
assignment field encoding) to drive the pin to its inactive state. ADDR23/CS10/ECLK
has no discrete output function. When 0b0O is programmed into its pin assignment
field in CSPAR1, ADDR23/CS10/ECLK will drive the M6800 bus E clock signal.

Just as the chip-select, function code, and bus arbitration signals associated with port
C can be made active in single-chip mode, so too can the bus control signals associ-
ated with port E. While initially configured as discrete /O by the port E pin assignment
register (PEPAR), any port E bus control signal can be made active and will be driven
or accept input during appropriate bus cycles.

Port F pins will initially be configured for discrete I/O in single-chip mode but can oth-
erwise serve as interrupt request lines or edge-detect I/O pins with optional interrupt
capability. Because no external bus is available in single-chip mode, interrupt requests
from port F pins configured as interrupts (as opposed to interrupt requests from the
port F edge-detect logic) must have their interrupt acknowledge cycles terminated by
autovector.

In single-chip mode, the data bus is disabled at all times. DATA[15:8] become port G
input/output pins PG[7:0], and DATA[7:0] become port H input/output pins PH[7:0].
Port G and H pins are configurable as inputs or outputs on a per pin basis.
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Like ADDR][2:0] (which can be disabled by setting the ABD bit in SCIMMCR), the R/W
line and instruction tracking pins (IPIPE/DSO and IFETCH/DSI) can be disabled by
setting RWD and CPUD bits in SCIMMCR, respectively.

4.7.8.4 Fully (16-bit) Expanded Mode

Operation in 16-bit expanded mode is selected when BERR =1 and DATA1 =0 at the
release of RESET. In this configuration, ADDR[18:11])/PA[7:0] and ADDR[10:3]/
PB[7:0] become part of the address bus. Likewise, DATA[15:8]/PG[7:0] and
DATA[7:0]/PH[7:0] become the data bus. The ABD, RWD, and CPUD bits in SCIM-
MCR are clear, enabling ADDR[2:0], R/W, and the instruction tracking pins (IPIPE/
DSO and IFETCH/DSI), respectively. Ports A, B, G, and H are unavailable in 16-bit
expanded mode. The initial configuration of all other SCIM2E pins is controlled by
DATA[11:2] and DATAO and is outlined in Table 4-27 below.

Table 4-27 Fully (16-bit) Expanded Mode Reset Configuration

. . Default Function Alternate Function

Select Pin Affected Pin(s) (Pin Held High) (Pin Held Low)
DATAO CSBOOT 16-bit CSBOOT 8-bit CSBOOT

BR/CSO CS0 BR

FCO0/CS3/PCO CS3 FCO

DATAZ FC1/PC1 FC1 FC1

FC2/CS5/PC2 CS5 FC2

) ADDR23/CS10/ECLK
DATA[7:3] ADDR[22:19)/CS[9:6]/PC[6:3] See Table 4-28

DSACKO/PEO DSACKO PEO

DSACK1/PE1 DSACK1 PE1

AVEC/PE2 AVEC PE2

RMC/PE3 RMC PE3

DATAS DS/PE4 DS PE4

AS/PE5 AS PE5

SIZ0/PE6 SI1Z0 PE6

SIZ1/PE7 Siz1 PE7

1
DATAO9 FASTREF/PFO FASTREF PFO
IRQ[7:1)/PF[7:1] IRQ[7:1] PF[7:1]

5 BGACK/CSE BGACK CSE
DATA10 BG/CSM BG csm®
DATA114 External Bus Interface Normal Operation Factory Test

NOTES:

1. The FASTREF function is used only at reset and serves no purpose during normal operation.

2. I1f DATA1 and DATA10 are low at the rising edge of RESET, the SCIM2E will operate in emulation mode, a special
variation of 16-bit expanded mode.

3. For CSM to be active, the SCIM2E must be configured for emulation mode, as described above, and any on-chip
masked ROM modules must be disabled by driving their associated data bus pins low at the rising edge of
RESET. At present, only masked ROM modules support memory emulation by means of the CSM chip select.
CSM will not assert on MCUs with flash EEPROM modules.

4. DATA11 must be high at the rising edge of RESET for normal MCU operation.
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DATA[7:3] select in a contiguous fashion whether ADDR[23:19]/CS[10:6] serve as
high-order address lines or chip selects. Table 4-28 shows the reset correspondence
between these pins.

Table 4-28 Reset Pin Function of CS[10:6]

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

CS10/ CSs9/ Cs8/ Cs7/ cse6/
ADDR23 | ADDR22 | ADDR21 | ADDR20 | ADDR19

CS10 Cs9 cs8 cs7 CS6

CS10 CS9 CcS8 CS7 |ADDRI19
CS10 CS9 CS8 | ADDR20 | ADDR19
CS10 CS9 |ADDR21 | ADDR20 | ADDR19
CS10 |ADDR22|ADDR21 | ADDR20 | ADDR19
ADDR23 | ADDR22 | ADDR21 | ADDR20 | ADDR19

DATA7 | DATA6 | DATAS5 | DATA4 | DATAS

oO|lrR|(rR|rP|FrR|Fr
X|O|lr|kR|FR|RF
X|X|Oo|r|r|PFr
X[ X[ X|O|R|k
X|X|X|X|o|r

DATA[15:12] allow implementation dependent disabling of on-chip ROM and/or flash
EEPROM modules. Table 4-29 shows which modules on the MC68F375 are affected
by these pins.

Table 4-29 Reset Configuration for MC68F375 Memory Modules

State of Select

Select Pin Pin at Rising Memory Modules Affected
Edge of RESET
DATA10, 0 CMFI/ROM emulation mode
DATA13 1 CMFI/ROM normal mode

8-Kbyte Masked ROM array disabled

1 0 All four 32-Kbyte FLASH arrays disabled
DATA14
1 8-Kbyte Masked ROM array enabled
All four 32-Kbyte FLASH arrays enabled
) 0 All four 32-Kbyte CMFI FLASH blocks disabled
DATA15
All four 32-Kbyte CMFI FLASH blocks enabled
NOTES:

1. The ROM can be disabled if the STOP shadow bit is programmed to one or if DATA14 is
low at the rising edge of RESET.

2. The CMFI array is disabled if its STOP shadow bit is programmed to one or if DATALS is
low at the rising edge of RESET.

Operation in 8-bit expanded mode is selected when BERR =1 and DATAL =1 at the
release of RESET. In this configuration, ADDR[18:11])/PA[7:0] and ADDR[10:3]/
PB[7:0] become part of the address bus, and only DATA[15:8]/PGJ[7:0] are used for
the data bus. The ABD, RWD, and CPUD bits in SCIMMCR are clear, enabling
ADDR[2:0], R/W, and the instruction tracking pins (IPIPE/DSO and IFETCH/DSI),
respectively. Ports A, B, and G are unavailable in 8-bit expanded mode, and
DATA[7:0])/PH[7:0] serve as port H discrete I/O pins only. All remaining SCIM2E pins
are configured as shown in Table 4-30.
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Table 4-30 Partially (8-bit) Expanded Mode Reset Configuration

Select Pin Affected Default Function Alternate Function
Pin(s) or Module(s) (Pin Held High) (Pin Held Low)
NAL CSBOOT 8-bit CSBOOT
BR/CSO CSs0
1 FCO0/CS3/PCO0 CS3
NA FC1/PC1 FC1
FC2/CS5/PC2 CS5
ADDR23/CS10/ECLK —_—
1 X
NA ADDR[22:19)/CS[9:6]/PC[6:3] CS[10:6]
DSACKO/PEO DSACKO PEO
DSACK1/PE1 DSACK1 PE1
AVEC/PE2 AVEC PE2
RMC/PE3 RMC PE3
DATAS DS/PE4 DS PE4
AS/PE5 AS PE5
SIZ0/PE6 S1z0 PE6
SIZ1/PE7 SIz1 PE7
2
DATA9 FASTREF/PEO FASTREF PF(?
IRQ[7:1)/PF[7:1] IRQ[7:1] PF[7:1]
e ——— —
DATA10 BGACKICSE BGACK
BG/CSM3 BG
NOTES:

1. Because DATA[7:0] are unavailable in 8-bit expanded mode, these pins default to the reset configurations noted.
2. The FASTREF function is used only at reset and serves no purpose during normal operation.
3. The CSE and CSM emulation chip selects do not function in 8-bit expanded mode.

Just as in 16-bit expanded mode, DATA[15:12] allow implementation dependent dis-
abling of on-chip ROM and/or flash EEPROM modules. Refer to Table 4-29 above for
which modules on the MC68F375 are affected by these pins.

4.7.8.5 Breakpoint Mode Selection

Background debug mode (BDM) is enabled when the breakpoint (BKPT) pin is sam-
pled at logic zero at the release of RESET. Subsequent assertion of the BKPT pin or
the internal breakpoint signal (for instance, execution of the CPU32 BGND instruction)
will place the CPU32 in BDM.

If BKPT is sampled at logic one at the rising edge of RESET, BDM is disabled. Asser-
tion of the BKPT pin or execution of the BKPT instruction will result in normal
breakpoint exception processing. Execution of the BGND instruction will cause an ille-
gal instruction exception to be taken.

BDM remains enabled until the next system reset. BKPT is relatched and synchro-
nized on each rising transition of RESET and must be held low for at least two clock
cycles prior to RESET negation for BDM to be enabled. BKPT assertion logic must be
designed with special care. If BKPT assertion extends into the first bus cycle following
the release of RESET, the bus cycle could inadvertently be tagged with a breakpoint.
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Refer to 3.10.2 Background Debug Mode and the CPU32 Reference Manual
(CPU32RM/AD) for more information on background debug mode. Refer to the SCIM
Reference Manual (SCIMRM/AD) and APPENDIX E ELECTRICAL CHARACTER-
ISTICS for more information concerning BKPT signal timing.

4.7.8.6 Emulation Mode Selection

The SCIM2E contains logic that can be used to replace on-chip ports externally. The
SCIMZ2E also contains special support logic that allows external emulation of internal
ROM. These emulation support features enable the development of a single-chip
application in expanded mode.

Emulation mode is a special type of 16-bit expanded operation. It is entered by holding
DATA10 low, BERR high, and DATA1 low during reset. In emulation mode, all port A,
B, E, G, and H data and data direction registers and the port E pin assignment register
are mapped externally. The port C data, port F data and data direction registers, and
port F pin assignment register are accessible normally in emulation mode.

The port emulation chip select (CSE) is asserted whenever any of the externally
mapped registers are addressed. The signal is asserted on the falling edge of AS. The
SCIM2E does not respond to these accesses, allowing external logic, such as a port
replacement unit (PRU) to respond. Accesses to externally mapped registers require
three clock cycles.

CMFI and ROM emulation is enabled by holding BERR high and by holding low
DATAL, DATA10, and DATA13 when RESET is released. While CMFI and ROM emu-
lation mode is enabled, the emulation memory chip-select signal (CSM) is asserted
whenever an access to an address assigned to the masked ROM module or CMFI
module is made.

CMFI and ROM modules do not acknowledge IMB accesses while in emulation mode.
This causes the SCIM2E to run an external bus cycle for each access. The bus cycle
is terminated by the module, however, ensuring consistent timing.

4.7.9 Use of the Three-State Control Pin

Asserting the three-state control (TSC) input to a logic 0 causes the MCU to place all
output drivers in a disabled, high-impedance state. TSC must remain asserted for
approximately ten clock cycles in order for drivers to change state.

When the SCIMZ2E clock synthesizer is used, PLL ramp-up time affects how long the
ten cycles take. Worst case is approximately 20 ms from TSC assertion.

When an external clock signal is applied, pins go high-impedance as soon after TSC
assertion as approximately ten clock pulses have been applied to the EXTAL pin.
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NOTE

When TSC assertion takes effect, internal signals are forced to val-
ues that can cause inadvertent mode selection. Once the output
drivers change state, the MCU must be powered down and restarted
before normal operation can resume.

4.8 Interrupts

Interrupt recognition and servicing involve complex interaction between the SCIM2E,
the CPU32, and a device or module requesting interrupt service. This discussion pro-
vides an overview of the entire interrupt process. Chip-select logic can also be used to
respond to interrupt requests. Refer to 4.9 Chip Selects for more information.

4.8.1 Interrupt Exception Processing

The CPU32 handles interrupts as a type of asynchronous exception. An exception is
an event that preempts normal processing. Exception processing makes the transition
from normal instruction execution to execution of a routine that deals with an excep-
tion. Each exception has an assigned vector that points to an associated handler
routine. These vectors are stored in a vector table located from 0x00000 to OxO01FF.
The CPU32 uses vector numbers to calculate displacement into the table. Refer to 3.9
Exception Processing for more information.

4.8.2 Interrupt Priority and Recognition

The CPU32 provides seven levels of interrupt priority (1-7), seven automatic interrupt
vectors, and 200 assignable interrupt vectors. All interrupts with priorities less than
seven can be masked by the interrupt priority (IP) field in the condition code register
(CCR).

The IP field consists of CCR bits [7:5]. Binary values 0b000 to Ob111 provide eight pri-
ority masks. Each mask prevents an interrupt request of a priority less than or equal
to the mask value (except for IRQ7) from being recognized. When the IP field contains
0b000, no interrupt is masked. During exception processing, the IP field is set to the
priority of the interrupt being serviced.

There are seven interrupt request signals (IRQ[7:1]) with corresponding external pins
that can be asserted by microcontroller modules or external devices. Simultaneous
requests of different priorities can be made. Internal assertion of an interrupt request
line does not affect the state of the corresponding MCU pin.

External interrupt requests are routed to the CPU32 via the EBI and SCIM2E interrupt
control logic. All requests for interrupt service are treated as if they come from internal
modules. The CPU32 treats external interrupt requests as if they come from the
SCIM2E.

The IRQ[6:1] pins are active-low level-sensitive inputs. The IRQ7 pin is an active-low
transition-sensitive input; it requires both an edge and a voltage level to be valid.
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IRQ[6:1] are maskable. IRQ7 is non-maskable. The IRQ7 input is transition sensitive
to prevent redundant servicing and stack overflow. A non-maskable interrupt is gener-
ated each time IRQ7 is asserted and each time the CCR is written while IRQ7 is
asserted. A write to the CCR re-arms the IRQ7 detection circuitry; consequently, any
write to the CCR while IRQ7 is asserted, even one that sets the IP field to Ob111, will
generate a new IRQ7 interrupt.

Interrupt requests are sampled on consecutive falling edges of the system clock. Inter-
rupt request input circuitry has hysteresis. To be valid, a request signal must be
asserted for at least two consecutive clock cycles. Valid requests do not cause imme-
diate exception processing, but are left pending. Pending requests are processed at
instruction boundaries or when processing of higher priority exceptions is complete.

The CPU32 does not latch the priority of pending interrupt requests. If an interrupt
source of higher priority makes a request while a lower priority request is pending, the
higher priority request will be serviced. If an interrupt request with a priority less than
or equal to the current IP mask value is made, the CPU32 will not recognize the
request. If simultaneous interrupt requests of different priorities are made, and both
have a priority greater than the mask value, the CPU32 will recognize the higher pri-
ority request.

4.8.3 Interrupt Acknowledge and Arbitration

When the CPU32 detects one or more interrupt requests of a priority higher than the
IP mask value, a read cycle from address 0b11111111111111111111: [IP]:1 in CPU
space is executed. Refer to 4.5.1.7 Function Codes and 4.6.4 CPU Space Cycles
for more information.

The CPU space read cycle performs two functions. It places a mask value correspond-
ing to the highest priority interrupt request on the address bus, and it acquires an
exception vector number from the interrupt source. The mask value is decoded by
modules or external devices that have requested interrupt service to determine
whether the current interrupt acknowledge (IACK) cycle pertains to them. It is also
latched into the IP field to mask lower priority interrupts during exception processing.

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

Each module that can request interrupt service, including the SCIM2E, has an IARB
field in its module configuration register. To implement an arbitration scheme, each
module that can request interrupt service must be assigned a unique, non-zero IARB
field value during system initialization. Arbitration priorities can range from 0b0001
(lowest) to Ob1111 (highest). If the CPU32 recognizes an interrupt request from a mod-
ule that has an IARB field value of 0b0000, a spurious interrupt exception will be
processed.
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Because the EBI manages external interrupt requests, the SCIM2E |IARB field value
is used for arbitration between internal and external interrupt requests of the same pri-
ority. The reset value of IARB for the SCIM2E is Ob1111, and the reset value of IARB
for all other modules is 0b0000. As noted above, initialization software must assign dif-
ferent values to each IARB field to implement an arbitration scheme.

NOTE

Do not assign the same arbitration priority to more than one module.
When two or more IARB fields have the same non-zero value, the
CPU32 will interpret multiple vector numbers simultaneously with
unpredictable consequences.

Although arbitration is intended to deal with simultaneous interrupt requests of the
same priority level, it always take place, even when a single source is requesting ser-
vice. This is important for two reasons: the EBI does not transfer the IACK cycle to the
external bus unless the SCIM2E wins contention, and failure to contend causes the
IACK cycle to be terminated early by bus error.

When arbitration is complete, the winning module must place a vector number on the
data bus and terminate the IACK cycle with DSACK. In the case of external interrupt
requests, the IACK cycle is transferred to the external bus. The device requesting
interrupt service must decode the mask value then respond with a vector number and
generate data and size acknowledge (DSACK) termination signals, or it must assert
AVEC to request an autovector. If the device does not respond in time, the SCIM2E
bus monitor, if enabled, will assert the internal BERR signal and a spurious interrupt
exception will be taken.

Chip-select logic can also be used to generate internal AVEC or DSACK signals in
response to external interrupt requests. Chip-select address match logic functions
only after the SCIM2E has won arbitration, and the resulting IACK cycle is transferred
to the external bus. For this reason, interrupt requests from modules other than the
SCIMZ2E will never have their IACK cycles terminated by chip-select generated AVEC
or DSACK. Refer to 4.9.4.1 Using Chip-Select Signals for Interrupt Acknowledge
Cycle Termination for more information.

As stated above, all interrupt requests from internal modules have their associated
IACK cycles terminated by DSACK. For this reason, user vectors (instead of autovec-
tors) must always be used for interrupts generated by internal modules.

For periodic timer interrupts, the PIRQL[2:0] field in the periodic interrupt control reg-
ister (PICR) determines PIT priority level. A PIRQL[2:0] value of ObO0O0 disables PIT
interrupts. By hardware convention, PIT interrupts are serviced before external inter-
rupt service requests or port F edge-detect interrupts requests of the same priority.
External interrupt requests are serviced before requests from the port F edge-detect
logic, as well. Refer to 4.4.7 Periodic Interrupt Timer and 4.10.4 Port F for more

information.
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4.8.4 Interrupt Processing Summary

A summary of the entire interrupt processing sequence follows. When the sequence

begins, a valid interrupt service request has been detected and is pending.

1. The CPUS32 finishes higher priority exception processing or reaches an instruc-

tion boundary.

2. Processor state is stacked.

3. The interrupt acknowledge cycle begins:

a.
b.

FC[2:0] are driven to 0b111 (CPU space) encoding.

The address bus is driven as follows. ADDR[23:20] = Obl11ll
ADDR[19:16] = 0b1111, which indicates that the cycle is an interrupt
acknowledge CPU space cycle; ADDR[15:4] = 0b111111111111;
ADDR([3:1] = the priority of the interrupt request being acknowledged; and
ADDRO = 0b1.

c. Request priority is latched into the CCR IP field from the address bus.

. Modules or external peripherals that have requested interrupt service decode
the priority value in ADDR[3:1]. Each module or device with a request level

equal to the value in ADDR[3:1] enters interrupt arbitration.

. After arbitration, the interrupt acknowledge cycle is completed in one of the fol-

lowing ways:

a.

When there is no contention (responding modules have IARB = 0b0000),
the internal bus monitor, if enabled, asserts BERR, and the CPU32
generates the spurious interrupt vector number.

. The interrupt source that wins arbitration supplies a vector number and

DSACK signals appropriate to the access. The CPU32 acquires the
vector number.

The AVEC signal is asserted either by the external device requesting
interrupt service (AVEC can be tied low if all external interrupts are to use
autovectors) or by an appropriately programmed SCIM2E chip select, and
the CPU32 generates an autovector number corresponding to the
interrupt priority.

. The bus monitor or external device asserts BERR and the CPU32

generates the spurious interrupt vector number.

6. The vector number is converted to a vector address.

7. The content of the vector address is loaded into the PC and the processor

transfers control to the exception handler routine.

4.9 Chip Selects

Typical microcontrollers require additional hardware to provide chip-select signals for
external devices. The SCIM2E includes nine programmable chip-select circuits that
can provide from 2- to 16-clock cycle access to external memory and peripherals.
Address block sizes of two Kbytes to one Mbyte can be selected. Figure 4-21 is a dia-

gram of a basic system that uses chip selects.
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1. THESE CHIP-SELECT LINES ARE CONFIGURED FOR 16-BIT PORT OPERATION IN THIS EXAMPLE.
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Figure 4-21 Basic MCU System
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Chip-select assertion can be synchronized with bus control signals to provide output
enable, read/write strobe, or interrupt acknowledge signals. Chip-select logic can also
generate DSACK and AVEC signals internally. Each signal 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 access, 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. Chip-select signals are active low. If a
chip-select function is given the same address as a microcontroller module or an inter-
nal memory array, an access to that address goes to the module or array, and the chip-
select signal is not asserted. The external address and data buses do not reflect the
internal access.

All chip-select signals except CSBOOT are disabled after the release of RESET, and
cannot be asserted until the R/W[1:0] and BYTE[1:0] fields in the corresponding option
register are programmed to non-zero values. CSBOOT is automatically enabled out of
reset in 8-bit and 16-bit expanded modes. Alternate functions for chip-select pins are
enabled if appropriate data bus pins are held low at the release of RESET. Refer to
4.7.8.2 Data Bus Mode Selection for more information. Figure 4-22 is a functional
diagram of a single chip-select circuit.

INTERNAL |

SIGNALS BASE ADDRESS REGISTER |

ADDRESS >| ADDRESS COMPARATOR |—> TIMING
AND > PIN |
CONTROL
BUS CONTROL >| OPTION COMPARE |—>
| OPTION REGISTER |
A A
\/ \

s Y PIN PIN
— AVEC DSACK
AVEC -——

GENERATOR GENERATOR ASSIGNMENT DATA
I REGISTER REGISTER

DSACK =
CHIP SEL BLOCK

Figure 4-22 Chip-Select Circuit Block Diagram

4.9.1 Chip-Select Pin Assignment Register

The pin assignment registers contain twelve 2-bit fields that determine the functions of
the chip-select pins. Each pin has two or three possible functions, as shown in Table
4-31 and Table 4-32.
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CSPARO — Chip-Select Pin Assignment Register 0 OxYF FA44
MSB 4, 13 12 11 10 9 8 7 6 5 4 3 > 1 I'SB
15 0

| 0 | 0 | CS5PA[L:0] | CS4PA[L:0] | CS3PA[L:0] | CSEPA[L:0] | CSMPA[L:0] CSOPA[L:0] | CSBTPA[1:0] |

RESET:
0 0  DATA2! 1 DATA2! 1 DATA2! 1 DATA10' 1 DATA10! 1 DpATA2! 1 1 DATAO*
NOTES:

1. The default state of this bit is taken from the listed bit of the data bus during reset.

This register 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. CSPARQO 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. This reg-
ister may be read or written at any time. After reset, software may enable one or more
pins as discrete outputs.

Table 4-31 shows CSPARO pin assignments.

Table 4-31 CSPARO Pin Assignments

CSPARO Field?® | Chip-Select Signal | Alternate Signal Discrete Output
CS5PA[1:0] CS5 FC2 PC2
CS4PA[1:0] — FC1 PC1
CS3PA[1:0] Cs3 FCO PCO
CSEPA[1:0] CSE BGACK —
CSMPA[1:0] CSM BG —
CSOPA[1:0] CSo BR —
CSBTPA[1:0] CSBOOT — —
NOTES:
1. See Table 4-34 for pin assignment field encoding.
CSPAR1 — Chip-Select Pin Assignment Register 1 OXYF FA46
MféB 14 13 12 11 10 9 8 7 6 5 4 3 2 1 LgB
‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘CSlOPA[l:O] ‘ CS9PA[1:0] ‘ CS8PA[1:0] | CS7PA[1:0] ‘ CS6PA[1:0] ‘
RESET:
0 0 0 0 0 0 DA;IA D/(-S\IA D/;‘lI'A D,ZIA D,:'ll'A L
NOTES:

1. Refer to Table 4-28 for CSPARL1 reset state information.

CSPAR1 contains five 2-bit fields that determine the functions of corresponding chip-
select pins. Bits [15:10] are reserved. These bits always read zero; writes have no
effect. Table 4-32 shows CSPAR1 pin assignments, including alternate functions that
can be enabled by data bus mode selection during reset.
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Table 4-32 CSPARL1 Pin Assignments

CSPAR1 Field | Chip-Select Signal Alternate Signal Discrete Output
CS10PA[1:0] Cs10 ADDR23 ECLK
CS9PA[1:0] CS9 ADDR22 PC6
CS8PA[1:0] CS8 ADDR21 PC5
CS7PA[1:0] Ccs7 ADDR20 PC4
CS6PA[1:0] CS6 ADDR19 PC3

The reset state of DATA[7:3] determines whether pins controlled by CSPAR1 are ini-
tially configured as high-order address lines or chip-selects. Table 4-28 shows the
correspondence between DATA[7:3] and the reset configuration of CS[10:6]/
ADDR[23:19]. This register may be read or written at any time. After reset, software
may enable one or more pins as discrete outputs.

Table 4-33 Reset Pin Function of CS[10:6]

Data Bus Pins at Reset Chip-Select/Address Bus Pin Function
DATAT | DATAG | DATAS | DATA4 | DATAS | \Corb | o000, | abDR21 | ADDIRZ0 | ADDRIS
1 1 1 1 1 CS10 CS9 CS8 CSs7 CS6
1 1 1 1 0 CS10 CS9 CS8 CS7 |ADDRI19
1 1 1 0 X CS10 CSs9 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

Table 4-34 shows pin assignment field encoding. Pins that have no discrete output
function must not be programmed with the Ob0OO encoding as this will configure the pin
for its alternate function. For instance, programming CSOPA[1:0] to Ob0O0 will configure
CSO0/BR for the bus request (BR) function.

Table 4-34 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)

Port size determines the way in which bus transfers to an external address are allo-
cated. A port size of eight bits or sixteen bits can be selected when a pin is assigned
as a chip select. Port size and transfer size affect how the chip-select signal is
asserted. Refer to 4.9.3 Chip-Select Option Registers for more information.
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From the release of reset, chip-select pin functions are determined by logic levels on
certain data bus pins. The data bus pins have weak internal pull-up devices but can
be held low by external logic. This allows a pin’s 16-bit chip-select function (data bus
pin(s) held high) or its alternate function (data bus pin(s) held low) to be selected at the
release of RESET. Refer to 4.7.8.2 Data Bus Mode Selection for more information.

The CSBOOT signal is enabled out of reset. The state of DATAO during reset deter-
mines what port width CSBOOT uses. If DATAO is held high, 16-bit port size is
selected. If DATAQO is held low, 8-bit port size is selected. In 8-bit expanded mode, the
state of DATAQO is ignored, and CSBOQOT is configured for 8-bit operation.

A pin programmed as a discrete output will drive the value specified in the port C data
register. No discrete output function is available for the CSBOOT, CS0/BR, CSM/
BG,and CSE/BGACK pins. ADDR23 provides the ECLK output rather than a discrete
output signal.

When a pin is programmed for discrete output or alternate function, internal chip-select
logic still functions and can be used to generate DSACK or AVEC (to terminate IACK
cycles generated in response to external interrupt requests) internally on an address
and control signal match.

4.9.1.1 Port C Data Register

The port C data register (PORTC) latches data for port C pins programmed as discrete
outputs. When a pin is assigned as a discrete output, the value in this register appears
at the output. Port C bit 7 is not used. Writing to this bit has no effect, and it always
reads zero.

PORTC — Port C Data Register OxYF FA41
7 6 5 4 3 2 1 '%B
‘ 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.

4.9.2 Chip-Select Base Address Registers

Each chip select has an associated base address register, CSBAR][0], [3] and [5:10].
A base address is the lowest address in the block of addresses enabled by a chip
select. Block size is the extent of the address block above the base address. Block
size is determined by the value contained in BLKSZ[2:0]. Multiple chip selects
assigned to the same block of addresses must have the same number of wait states.

BLKSZ[2:0] determines which bits in the base address field are compared to corre-
sponding bits on the address bus during an access. Provided other constraints
determined by option register fields are also satisfied, when a match occurs, the asso-
ciated chip-select signal is asserted. Table 4-35 shows BLKSZ[2:0] encoding.

MC68F375 SINGLE-CHIP INTEGRATION MODULE 2 (SCIM2E) MOTOROLA

REFERENCE MANUAL For More Infs?matidH'®R3This Product, 4-78
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Table 4-35 Block Size Encoding

BLKSZ[2:0] Block Size Address Lines Compared
000 2 Kbytes ADDR[23:11]
001 8 Kbytes ADDR[23:13]
010 16 Kbytes ADDR[23:14]
011 64 Kbytes ADDRJ[23:16]
100 128 Kbytes ADDR[23:17]
101 256 Kbytes ADDR[23:18]
110 512 Kbytes ADDR][23:19]
111 1 Mbyte ADDRJ[23:20]

The chip-select address compare logic uses only the most significant bits to match an
address within a block. For this reason, the value of the base address must be an inte-
ger multiple of the block size.

After reset, the CPU32 fetches initialization values from addresses 0x00000 to
0x00007 in program space. To support bootstrap operation from reset, the chip-select
boot base address register (CSBARBT) defaults to 0x0007 which specifies a base
address of 0x000000 and a block size of 512 Kbytes. This allows a memory device
containing the reset vector and startup routine to automatically be selected by
CSBOQOT. Refer to 4.9.4.2 Chip-Select Reset Operation for more information.

Bit and field definitions for CSBARBT and CSBAR[0], [3] and [5:10] are the same, but
reset block sizes differ. For the bit definitions of CSBARBT and CSBAR[0], [3] and
[5:10] registers, see Table 4-36.

CSBARBT — Chip-Select Base Address Register Boot OxYF FA48
MSB LSB
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR BLKSZ[2:0]
23 22 21 20 19 18 17 16 15 14 13 12 11 ’
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
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CSBARO — Chip-Select Base Address Registers OxYF FA4C
CSBAR3 OxYF FAS58
CSBARS OxYF FA60
CSBARG OxYF FA64
CSBAR7 OxYF FA6G8
CSBARS OxYF FA6C
CSBAR9 OxYF FA70
CSBARI10 OxYF FA74
MlSSB 14 13 12 11 10 9 8 7 6 5 4 3 1 LgB
AggR ABSR AIgIlDR AggR AligR AligR A??R A?gR A?DR ADDR | ADDR | ADDR | ADDR BLKSZ[2:0]
5 14 13 12 11
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 4-36 CSBARBT/CSBAR Bit Descriptions
Bit(s) Name Description
Chip-select base address. This field sets the starting address of a particular chip select’s
153 ADDR[23:11] address space. The address compare logic uses only the most sign_ificant bits tq match an
address within a block. The value of the base address must be an integer multiple of the
block size.
2:0 BLKSZ[2:0] Block size field. This field d_etermim_as the size of the block that i; enabled by_the _chip
select. Table 4-35 shows bit encoding for the base address registers block size field.

4.9.3 Chip-Select Option Registers

Fields in the chip-select option registers determine the timing of and conditions for
assertion of chip-select signals. For a chip select to assert and to provide DSACK or
autovector termination, other constraints set by fields in its option register and base
address register must also be satisfied. The following paragraphs summarize option
register functions.

CSORBT — Chip-Select Option Register Boot OxXYF FA4A
MSB LSB
Y 14 13 12 11 10 9 8 7 6 5 4 3 1 o
‘ MODE ’ BYTE[1:0] ‘ R/W[1:0] ‘STRB’ DSACK[3:0] SPACE[1:0] IPL[2:0] ‘AVEC‘

RESET:

0 1 1 1 1 0 1 1 0 1 1 1 0 0 0
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CSORO — Chip-Select Option Registers OxYF FA4E
CSOR3 OxYF FASA
CSOR5 OxYF FA62
CSORG6 OxXYF FA66
CSOR7 OxYF FAGA
CSORS8 OxYF FAGE
CSOR9 OXYF FA72
CSOR10 OxYF FA76
MSB LSB
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
M(E)D BYTE[1:0] R/W[l:O] STRB DSACK]3:0] SPACE[1:0] IPL[2:0] AVEC
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CSORBT and CSOR[0], [3] and [5:10] contain parameters that support operations
from external memory devices. Bit and field definitions for CSORBT and CSOR|[0], [3]
and [5:10] are the same.

Table 4-37 CSOR Bit Descriptions

Bit(s) Name Description

Asynchronous/Synchronous Mode. In asynchronous mode, chip-select assertion is synchro-
nized with AS and DS.

0 = Asynchronous mode is selected.

1 = Synchronous mode is selected, and used with ECLK peripherals.

15 MODE

Upper/lower byte option. This field is used only when the chip-select 16-bit port option is
selected in the pin assignment register. This allows the usage of two external 8-bit memory
devices to be concatenated to form a 16-bit memory.

14:13 BYTE 00 = Disable

01 = Lower byte

10 = Upper byte

11 = Both bytes

Read/write. This field causes a chip select to be asserted only for a read, only for a write, or for
both reads and writes.
. v 00 = Disable
1211 RIW 01 = Read only
10 = Write only
11 = Read/Write

Address strobe/data strobe. This bit controls the timing for assertion of a chip select in asynchro-
nous mode only. Selecting address strobe causes the chip select to be asserted synchronized
with address strobe. Selecting data strobe causes the chip select to be asserted synchronized
with data strobe. Data strobe timing is used to create a write strobe when needed.

0 = Address strobe

1 = Data strobe

10 STRB

Data strobe acknowledge. This field specifies the source of DSACK in asynchronous mode as
internally generated or externally supplied. It also allows adjust bus timing adjustment with

9:6 DSACK |internal DSACK generation by controlling the number of wait states that are inserted to optimize
bus speed in a particular application. Table 4-38 shows the DSACK([3:0] field encoding. The fast
termination encoding (0b1110) effectively corresponds to —1 wait states.
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Table 4-37 CSOR Bit Descriptions (Continued)

Bit(s) Name Description
Address space select. Use this option field to select an address space for the chip-select logic.
The CPU32 normally operates in supervisor or user space, but interrupt acknowledge cycles
must take place in CPU space
5:4 SPACE |00 = CPU Space
01 = User Space
10 = Supervisor Space
11 = Supervisor/User Space
Interrupt priority level. When SPACE[1:0] is set for CPU space (0b00), chip-select logic can be
used as an interrupt acknowledge strobe for an external device. During an interrupt acknowl-
31 IPL edge cycle, the interrupt priority level is driven on address lines ADDR[3:1] is then compared to
' the value in IPL[2:0]. If the values match, an interrupt acknowledge strobe will be generated on
the particular chip-select pin, provided other option register conditions are met. Table 4-39
shows IPL[2:0] field encoding.
Autovector enable. This field selects one of two methods of acquiring an interrupt vector during
~=~ |an interrupt acknowledge cycle. This field is not applicable when SPACE[1:0] = 0b0O.
0 AVEC )
0 = External interrupt vector enabled
1 = Autovector enabled
Table 4-38 DSACK Field Encoding
SV Clock Cycles Required Wait States Inserted
DAL Per Access Per Access
0000 3 0
0001 4 1
0010 5 2
0011 6 3
0100 7 4
0101 8 5
0110 9 6
0111 10 7
1000 11 8
1001 12 9
1010 13 10
1011 14 11
1100 15 12
1101 16 13
1110 2 —1 (Fast termination)
1111 — External DSACK
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Table 4-39 Interrupt Priority Level Field Encoding

IPL[2:0] Interrupt Priority Level

000 Any Level!
001 1

010
011
100
101
110
111

NOTES:
1. Any level means that chip select is asserted regardless of the level of the
interrupt acknowledge cycle.

N|[ojoa|s~|lW|N

If the chip select is configured to trigger on an interrupt acknowledge cycle
(SPACE[1:0] = 0b00) and the AVEC field is set to one, the chip select automatically
generates AVEC and completes the interrupt acknowledge cycle. If the AVEC bit = 0,
then the vector must be supplied by the requesting external device to complete the
IACK read cycle.

The BYTE field controls the data placement conditions under which a particular chip
select asserts. This is a different function from that of the chip-select pin assignment
registers which determine if transfers controlled by a particular chip select are funda-
mentally eight or sixteen bits in length. Instead, BYTE[1:0] specifies whether the chip
select will assert for data placed on the lower half, upper half, or both halves of the data
bus.

When a chip select is configured for 8-bit port operation, only DATA[15:8] are used.
Consequently, any BYTE field value other than 0b0O will permit signal assertion when
all other match conditions are met.

When a chip select is configured for 16-bit port operation, BYTE[1:0] determines which
combinations of ADDRO and SIZ0 will result in chip-select assertion. A chip select con-
figured for both bytes (0b11) will assert (assuming all other conditions are met)
regardless of the states of ADDRO and SIZ0. A chip select configured for upper byte
(Ob10) will assert only when ADDRO = 0 (even addresses). A chip select configured
for lower byte (Ob01) must assert on all accesses to odd addresses (ADDRO = 1) and
on word accesses to even addresses (ADDRO = 0 and SIZ0 = 1). When the boolean
expression ADDRO - SIZ0 is false, lower byte chip-select assertion will occur. In all
cases, the routing of information onto the data bus by the EBI data multiplexer is con-
trolled by ADDRO and SIZO.

When SPACE[1:0] = 0b00 (CPU space), IPL[2:0] specifies the interrupt priority that
must be matched when chip-select logic is used to terminate IACK cycles generated
in response to external requests for interrupt service. When SPACE[1:0] is set to 0b00
(CPU space), ADDR[3:1] is compared to the IPL field at the beginning of an IACK
cycle. If these values are the same (and other option register constraints are satisfied),
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the specified chip select will be asserted. This field only affects the response of chip-
select logic to IACK cycles and does not affect interrupt recognition by the CPU32.
Setting IPL[2:0] to 0b000 when SPACEJ[1:0] = 0b00 will cause chip-select assertion
regardless of the IACK cycle priority, provided other option register conditions are met.
When SPACEJ1:0] = 0b01, Ob10, or Ob11, the IPL field specifies whether chip-select
assertion should occur during accesses to data space, program space, or both.

4.9.4 Chip-Select Operation

When the MCU makes an access, each enabled chip-select circuit compares the fol-
lowing items:

 Function code signals FCJ[2:0] to the SPACE field, and to the IP field if the SPACE
field is not programmed for CPU space.

* Appropriate address bus bits to base address field.

» The R/W signal to the R/W field.

» ADDRO and/or SIZ to the BYTE field (only chip selects configured for 16-bit op-
eration).

* Priority of the interrupt being acknowledged (ADDR[3:1]) to the IPL field when the
access is an interrupt acknowledge cycle and the SPACE field is programmed for
CPU space.

When a match occurs, the chip-select signal is asserted. Assertion occurs at the same
time as AS or DS assertion in asynchronous mode. Assertion is synchronized with
ECLK in synchronous mode. In asynchronous mode, the DSACK field specifies inter-
nal or external DSACK assertion and the number of wait states inserted if internal
DSACK assertion is selected.

The number of wait states needed by an external device is determined by its access
time. Normally, wait states are inserted into the bus cycle during state S3 until a
peripheral asserts DSACK. If a peripheral does not generate DSACK, internal DSACK
generation must be selected and a predetermined number of wait states can be pro-
grammed into the chip-select option register.

4.9.4.1 Using Chip-Select Signals for Interrupt Acknowledge Cycle Termination

Ordinary bus cycles are issued in supervisor or user space. Interrupt acknowledge bus
cycles are issued in CPU space. Referto 4.6.4 CPU Space Cycles and 4.8 Interrupts
for more information. The SCIM2E chip selects operate identically in each type of
space, but base address and option registers must be properly programmed for each
type of external bus cycle.

During a CPU space cycle, bits [15:3] of the appropriate base register must be config-
ured to match ADDR][23:11], as the address is compared to an address generated by
the CPU.

Figure 4-23 shows CPU space encoding for an interrupt acknowledge cycle. FC[2:0]
drive Ob111, designating a CPU space access. ADDR[3:1] denote interrupt priority,
and the space type field (ADDR[19:16]) is set to Ob1111, the interrupt acknowledge
code. The rest of the address lines are set to one.
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FUNCTION ADDRESS BUS
CODE
INTERRUPT [—2 = 1916 2
ACKNOWLEDGE [11a] [t111f1112f11112111111 1feve(y
CPU SPACE
TYPE FIELD

CPU SPACE IACK TIM

Figure 4-23 CPU Space Encoding for Interrupt Acknowledge

Chip-select address match logic functions only after the SCIM2E has won arbitration,
and the resulting IACK cycle is transferred to the external bus. For this reason, inter-
rupt requests from modules other than the SCIM2E will never have their IACK cycles
terminated by chip-select generated AVEC or DSACK.

Use the procedure that follows to configure a chip select to provide IACK cycle termi-
nation.

1. Program the base address field to all ones.

2. Program block size to no more than 64 Kbytes, so that the address comparator
checks ADDR[19:16] against the corresponding bits in the base address regis-
ter. (The CPU space bus cycle type is placed on ADDR[19:16]).

3. Setthe R/W field to read only. An interrupt acknowledge cycle is performed as
aread in CPU space.

4. Setthe BYTE field to lower byte when using a 16-bit port, as the external vector
for a 16-bit port is fetched from the lower byte. Set the BYTE field to upper byte
when using an 8-bit port.

If an interrupting device does not provide a vector number, an autovector must be gen-
erated, either by asserting the AVEC pin or by having the chip select assert AVEC
internally. The latter is accomplished by setting the chip-select option register AVEC
bit. This terminates the bus cycle.

4.9.4.2 Chip-Select Reset Operation

The LSB of each of the 2-bit pin assignment fields in CSPARO and CSPAR1 has a
reset value of one. The reset values of the MSBs of each field are determined by the
states of DATA[7:1] during reset. Weak internal pull-up devices condition each of the
data lines so that chip-select operation is selected by default out of reset. Excessive
bus loading can overcome the internal pull-up devices, resulting in inadvertent config-
uration out of reset. Use external pull-up resistors or active devices to avoid this.

The base address fields in chip-select base address registers CSBAR][0,3, 5:10],
CSBARS3, and CSBARO and chip-select option registers CSOR[10:5], CSORS, and
CSORO have the reset values shown in Table 4-40. The BYTE and R/W fields of each
option register have a reset value of “disable”, so that a chip-select signal cannot be
asserted until the base and option registers are initialized.
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Table 4-40 Chip-Select Base and Option Register
Reset Values

Fields Reset Values
Base address 0x000000
Block size 2 Kbytes
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 initialization values from the reset vector, beginning
at 0x000000 in supervisor program space. The CSBOOT chip-select signal is enabled
and can select an external boot device mapped to a base address of 0x000000.

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 DATAQO is held low during reset, a port
size of eight bits is selected. When DATAO is held high during reset, a port size of 16
bits is selected. DATAO has a weak internal pull-up device, so that a 16-bit port is
selected by default out of reset. As mentioned above, the internal pull-up device can
be overcome by bus loading effects. To ensure a particular configuration out of reset,
use a pull-up resistor or an active device to place 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 0x000000 is made,
an address match occurs, and the CSBOOT signal is asserted. The block size field in
CSBARBT has a reset value of Ob111 (one Mbyte on CPU32-based MCUs and 512
Kbytes on CPU16-based MCUs). Table 4-41 shows CSBOOT reset values.
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Table 4-41 CSBOOT Base and Option Register
Reset Values

Fields Reset Values
Base address 0x000000
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 space
IPL Any level
Autovector External vector externally

4.10 General-Purpose Input/Output

The SCIM2E has six general-purpose input/output ports: A, B, E, F, G, and H. (Port C,
an output-only port, is included under the discussion of chip-selects). Ports A, B, and
G are available in single-chip mode only and port H is available in single-chip and 8-
bit expanded modes only. Ports E, F, G, and H have associated data direction regis-
ters to configure each port pin as an input or output. Ports A and B share a data
direction register that configures each port entirely as inputs or outputs. Ports E and F
have associated pin assignment registers that allow the digital I/O or alternate function
of each port pin to be selected. Port F has an edge-detect flag register that indicates
whether a transition has occurred on any of its pins.

Table 4-42 shows the shared functions of the general-purpose 1/O ports and the
modes in which they are available.

Table 4-42 General-Purpose 1/0 Ports

Port Shared Function Modes
A ADDRJ[18:11] Single-chip
B ADDRJ[10:3] Single-chip
E Bus control signals All
F IRQ[7:1]/FASTREF All
G DATA[15:8] Single-chip
H DATA[7:0] Single-chip, 8-bit expanded

Access to the port A, B, E, G, and H data and data direction registers, and the port E
pin assignment register require three clock cycles to ensure timing compatibility with
external port replacement logic. Accesses to the port F registers require two clock
cycles. Port registers are byte-addressable and are grouped to allow coherent word
access to port data register pairs A-B and G-H, as well as word aligned long-word
coherency of the port A-B-G-H data registers.
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If emulation mode is enabled, accesses to the port A, B, F, G, and H data and data
direction registers and the port E pin assignment register are mapped externally, and
cause the CSE port emulation chip select to be asserted. The SCIM2E does not
respond to these accesses, but allows external logic, such as the Motorola
MC68HC33 port replacement unit (PRU), to respond. Accesses to the port F registers
will still be handled by the SCIM2E.

A write to the port A, B, E, F, G, or H data register is stored in the port’s internal data
latch. If any port pin is configured as an output, the value stored for that bit is driven
on the pin. A read of the port data register returns the value at the pin only if the pin is
configured as a discrete input. Otherwise, the value read is the value stored in the data
latch.

4.10.1 Ports A and B

Ports A and B are available in single-chip mode only. One data direction register con-
trols the data direction for both ports. The SCIM2E will respond to port A and B
registers at any time the MCU is not in emulation mode.

The port A/B data direction bits (DDA and DDB) control the direction of the pin drivers
for ports A and B, respectively. Setting DDA or DDB to one configures all correspond-
ing port pins as outputs. Clearing DDA or DDB to zero configures all corresponding
port pins as inputs.

4.10.2 Port A and B Data Registers

PORTA — Port A Data Register OxYF FAOA
PORTB — Port B Data Register OxYF FAOB
MlSSB 14 13 12 11 10 9 8 7 6 5 4 3 2 1 LgB
‘ PA7 ‘ PA6 ‘ PA5 ‘ PA4 ‘ PA3 ‘ PA2 ‘ PA1 ‘ PAO ‘ PB7 ‘ PB6 ‘ PB5 ‘ PB4 ‘ PB3 ‘ PB2 ‘ PB1 ‘ PBO ‘
RESET:
u u U U U u u U U U u u U U U u

Ports A and B are available in single-chip mode only. PORTA and PORTB can be read
or written any time the MCU is not in emulator mode.

4.10.3 Port E

Port E can be made available in all operating modes. The state of BERR and DATAS
at the release of RESET controls whether the port E pins are initially configured as bus
control signals or discrete 1/O lines.

If the MCU is in emulation mode, accesses to the port E data, data direction, and pin
assignment registers (PORTE, DDRE, and PEPAR) are mapped externally. This
allows port replacement logic to be supplied externally, giving an emulator access to
the bus control signals.
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4.10.3.1 Port E Data Register
K
PORTEO — Port EO Data Register OxYF FA1l Il

PORTE1 — Port E1 Data Register OxYF FA13
MfB 6 5 4 3 2 1 LgB
PE7 ’ PE6 ‘ PE5 ‘ PE4 ’ PE3 ’ PE2 ‘ PE1 ‘ PEO ‘
RESET:
U U U U U U U U

This register can be accessed in two locations and can be read or written at any time.
A write to this register is stored in an internal data latch, and if any pin in the corre-
sponding port is configured as an output, the value stored for that bit is driven out on
the pin. A read of this data register returns the value at the pin only if the pin is config-
ured as a discrete input. Otherwise, the value read is the value stored in the register.
Bits [15:8] are reserved and will always read zero.

4.10.3.2 Port E Data Direction Register

DDRAB — Port A/B Data Direction Register OxYF FA14
DDRE — Port E Data Direction Register OxYF FA15
MlséB 14 13 12 11 10 9 8 7 6 5 4 3 2 1 L%B
‘ 0 ’ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ’ DDA ’ DDB ’DDE7’DDE6’DDE5‘DDE4‘DDE3‘DDE2‘DDE1’DDEO‘

RESET:
0 0 0 0 0 0 0 0

The port E data direction register controls the direction of the port E pin drivers when
pins are configured for 1/0. Setting a bit configures the corresponding pin as an output;
clearing a bit configures the corresponding pin as an input. This register can be read
or written at any time.

The port A/B data direction register controls the direction of the pin drivers for ports A
and B, respectively, when the pins are configured for I/O. Setting DDA or DDB to one
configures all pins in the corresponding port as outputs. Clearing DDA or DDB to zero
configures all pins in the corresponding port as inputs. Bits [15:10] are reserved and
will always read zero.

4.10.3.3 Port E Pin Assignment Register

PEPAR — Port E Pin Assignment OxXYF FA17
MSB LSB
; 6 5 4 3 2 1 e
‘ PEPA7 ‘ PEPAG ‘ PEPAS ’ PEPA4 PEPA3 PEPA2 PEPA1 ‘ PEPAO ‘
RESET:
DATAS DATAS DATAS DATAS DATAS DATAS DATAS DATAS

This register determines the function of port E pins. Setting a bit assigns the corre-
sponding pin to a bus control signal; clearing a bit assigns the pin to 1/O port E. Bits
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[15:8] are reserved and will always read zero. Table 4-43 displays port E pin

assignments.

Table 4-43 Port E Pin Assignments

PEPAR Bit Port E Signal Bus Control Signal
PEPA7 PE7 SIz1
PEPA6 PE6 SIZo
PEPA5 PE5 AS
PEPA4 PE4 DS
PEPA3 PE3 RMC
PEPA2 PE2 AVEC
PEPA1 PE1 DSACK1
PEPAO PEO DSACKO

4.10.4 Port F

Port F consists of eight I/O pins, a data register, a data direction register, a pin assign-
ment register, an edge-detect flag register, an edge-detect interrupt vector register, an
edge-detect interrupt level register, and associated control logic. Figure 4-24 is a
block diagram of port F pins, registers, and control logic.

Port F pins can be configured as interrupt request inputs, edge-detect input/outputs,
or discrete input/outputs. When port F pins are configured for edge detection, and a
priority level is specified in the port F edge-detect interrupt level register (PFLVR), the
port F control logic will generate an interrupt request when the specified edge is
detected. Interrupt vector assignment is made by writing a value to the port F edge-
detect interrupt vector register (PFIVR). Edge-detect interrupts have the lowest arbi-

tration priority in the SCIM2E.
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FASTREF/PFO ~<—»|
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LOGIC
8
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Figure 4-24 Port F Block Diagram

4.10.4.1 Port F Data Register

PORTFO — Port F Data Register O OxYF FA19
PORTF1 — Port F Data Register 1 OxYF FA1B
M8 6 5 4 3 2 1 Lo8
‘ PF7 ‘ PF6 ‘ PF5 ‘ PF4 PF3 PF2 PF1 ‘ PFO

RESET:
u u u u u u u u

This register can be accessed in two locations and can be read or written at any time.
A write to this register is stored in an internal data latch, and if any pin in the corre-
sponding port is configured as an output, the value stored for that bit is driven out on
the pin. A read of this data register returns the value at the pin only if the pin is config-
ured as a discrete input. Otherwise, the value read is the value stored in the register.
Bits [15:8] are reserved and will always read zero.
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4.10.4.2 Port F Data Direction Register

DDRF — Port F Data Direction Register OxYF FA1D
MSB LSB
; 6 5 4 3 2 1 0
‘ DDF7 ‘ DDF6 ‘ DDF5 ‘ DDF4 ‘ DDF3 DDF2 DDF1 ‘ DDFO ‘
RESET:
0 0 0 0 0 0 0 0

This register controls the direction of the port F pin drivers when pins are configured
for 1/0. Setting a bit configures the corresponding pin as an output; clearing a bit
configures the corresponding pin as an input. This register can be read or written at
any time. Bits [15:8] are reserved and will always read zero.

4.10.4.3 Port F Pin Assignment Register

PFPAR — Port F Pin Assignment Register OxYF FA1F
MfB 6 5 4 3 2 1 L%B

‘ PFPA3 ‘ PFPA2 ‘ PFPA1 PFPAO ‘

RESET

8- AND 16-BIT EXPANDED MODES
DATA9 DATA9 DATA9 DATA9 DATA9 DATA9 DATA9 DATA9
SINGLE-CHIP MODE
0 0 0 0 0 0 0 0

This register determines the function of port F pins. Setting a bit assigns the corre-
sponding pin to a control signal; clearing a bit assigns the pin to port F. Bits [15:8] are
reserved and will always read zero. Table 4-44 shows port F pin assignments. Table
4-45 shows PFPAR pin functions.

Table 4-44 Port F Pin Assignments

PFPAR Field Port F Signal Alternate Signal
PFPA3 PF[7:6] IRQ[7:6]
PFPA2 PF[5:4] IRQ[5:4]
PFPAL PF[3:2] IRQ[3:2]
PFPAO PF[1:0] IRQ1, FASTREF

Table 4-45 PFPAR Pin Functions

PFPAX[1:0] Port F Signal
00 I/O pin without edge detect
01 Rising edge detect
10 Falling edge detect
11 Interrupt request
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4.10.4.4 Port F Edge-Detect Flag Register
K
PORTFE — Port F Edge-Detect Flag Register OxYF FA29 Il
M8 6 5 4 3 2 1 Lo8
‘ PEF7 ‘ PEF6 ‘ PEF5 ‘ PEF4 ‘ PEF3 PEF2 PEF1 ‘ PEFO ‘
RESET:
0 0 0 0 0 0 0 0

When the corresponding pin is configured for edge detection, a PORTFE bit is set if
an edge is detected. PORTFE bits remain set, regardless of the subsequent state of
the corresponding pin, until cleared. To clear a bit, first read PORTFE, then write the
bit to zero. When a pin is configured for general-purpose I/O or for use as an interrupt
request input, PORTFE bits do not change state. Bits [15:8] are reserved and will
always read zero.

4.10.4.5 Port F Edge-Detect Interrupt Vector

PFIVR — Port F Edge-Detect Interrupt Vector Register OxYF FA2B
MSB LSB
7 6 5 4 3 2 1 0
‘ PFIVR[7:0] ‘
RESET:
0 0 0 0 0 0 0 0

This register determines which vector in the exception vector table is used for inter-
rupts generated by the port F edge-detect logic. Program PFIVR[7:0] to the value
pointing to the appropriate interrupt vector. Bits [15:8] are reserved and will always
read zero.

4.10.4.6 Port F Edge-Detect Interrupt Level

PFLVR — Port F Edge-Detect Interrupt Level Register OxYF FA2D
MEB 6 5 4 3 2 1 LgB
‘ 0 ‘ 0 ‘ 0 ’ 0 ’ 0 ’ PFLV[2:0] ‘
RESET:
0 0 0 0 0 0 0 0

This register determines the priority level of the port F edge-detect interrupt. The reset
value is 0x00, indicating that the interrupt is disabled. When several sources of inter-
rupts from the SCIM are arbitrating for the same level, the port F edge-detect interrupt
has the lowest arbitration priority. Bits [15:8] are reserved and will always read zero.

4.10.5 Port G

Port G is available in single-chip mode only. These pins are always configured for use
as general-purpose 1/O in single-chip mode.
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The SCIM2E will respond to port G data register (PORTG) accesses at any time the
MCU is not in emulation mode. Reset has no effect on this register. | T[

4.10.5.1 Port G and H Data Registers

PORTG — Port G Data Register OxYF FAOC
PORTH — Port H Data Register OxYF FAOD
MP o4 13 12 1 10 9 8 7 6 5 4 3 2 1 B
‘ PG7 ’ PG6 ‘ PG5 ‘ PG4 ‘ PG3 ‘ PG2 ’ PG1 ’ PGO ’ PH7 ’ PH6 ’ PH5 ‘ PH4 ‘ PH3 ‘ PH2 ‘ PH1 ’ PHO ‘

RESET:
U U U U U U U U U U U U U U U U

Port G is available in single-chip mode only. These pins are always configured for use
as general-purpose 1/O in single-chip mode.

Port H is available in single-chip and 8-bit expanded modes only. The function of these
pins is determined by the operating mode. There is no pin assignment register asso-
ciated with this port.

These port data registers can be read or written any time the MCU is not in emulation
mode. Reset has no effect.

4.10.5.2 Port G and H Data Direction Registers

DDRG — Port G Data Direction Register OxYF FAOE
DDRH— Port H Data Direction Register OxYF FAOF
MlSSB 14 13 12 11 10 9 8 7 6 5 4 3 2 1 LgB

‘ DDG7 ‘ DDG6 ‘ DDG5 ‘ DDG4 ‘ DDG3 ‘ DDG2 ‘ DDG1 ‘ DDGO ‘ DDH7 ‘ DDH6 ‘ DDH5 ‘ DDH4 ‘ DDH3 ‘ DDH2 ‘ DDH1 ‘ DDHO ‘
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The bits in this register control the direction of the port pin drivers when pins are con-
figured as 1/0. Setting a bit configures the corresponding pin as an output. Clearing a
bit configures the corresponding pin as an input.

4.10.6 Port H

Port H is available in single-chip and 8-bit expanded modes only. The function of these
pins is determined by the operating mode. There is no pin assignment register asso-
ciated with this port.

The SCIM2E will respond to port H data register (PORTH) accesses at any time the
MCU is not in emulation mode. Reset has no effect on this register.

The port H data direction register (DDRH) controls the direction of the pin drivers when
port H pins are configured for 1/0. Setting a bit configures the corresponding pin as an
output. Clearing a bit configures the corresponding pin as an input.
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SECTION 5
QUEUED ANALOG-TO-DIGITAL CONVERTER MODULE-64

The MCG68F375 includes one independent queued analog-to-digital converter
(QADCB64) module. For details of QADC64 operation not included in this section, refer
to the QADC Reference Manual (QADCRM/AD).

5.1 Overview

The QADC64 modules consist of an analog front-end and a digital control subsystem,
which includes an intermodule bus (IMB3) interface block. Refer to Figure 5-1.

The analog section includes input pins, channel selection logic, an analog multiplexer,
and one sample and hold analog circuit. The analog conversion is performed by the
digital-to-analog converter (DAC) resistor-capacitor array, a high-gain comparator,
and a successive approximation register (SAR).

The digital control section contains the conversion sequencing logic. Also included are
the periodic/interval timer, control and status registers, the conversion command word
(CCW) table RAM, and the result word table RAM.

EXTERNAL EXTERNAL UP TO 16 ANALOG REFERENCE ANALOG POWER
TRIGGERS MUX ADDRESS INPUT PINS INPUTS INPUTS
~ ANALOG INPUT MULTIPLEXER AND
— DIGITAL PIN FUNCTIONS
; Al Yy
DIGITAL
CONTROL i 10-BIT ANALOG TO DIGITAL CONVERTER
QUEUE OF 10-BIT CONVERSION 10-BIT RESULT TABLE,
P> COMMAND WORDS (COW), 64 ENTRIES 64 ENTRIES

|

10-BIT TO 16-BIT
RESULT ALIGNMENT

IMB3

Figure 5-1 QADCG64 Block Diagram
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5.2 Features
The QADC64 module offers the following features: | T'

* Internal sample and hold
» Up to 16 analog input channels using internal multiplexing
* Directly supports up to four external multiplexers (for example, the MC14051)
» Up to 41 total input channels with internal and external multiplexing
» Programmable input sample time for various source impedances
» Two conversion command queues with a total of 64 entries
» Sub-queues possible using pause mechanism
* Queue complete and pause software interrupts available on both queues
* Queue pointers indicate current location for each queue
» Automated queue modes initiated by:
— External edge trigger [queues 1 and 2] and gated mode [queue 1 only]
— Periodic/interval timer, within QADC64 module [queues 1 and 2]
— Software command [queues 1 and 2]
* Single-scan or continuous-scan of queues
* 64 result registers
 Output data readable in three formats:
— Right-justified unsigned
— Left-justified signed
— Left-justified unsigned
» Unused analog channels can be used as digital ports

5.3 QADC64 Pin Functions
The QADC64 module uses the following 36 pins:

» 2 analog reference pins, to which all analog input voltages are scaled

* 16 analog input pins with 3 analog inputs multiplexed with multiplex address sig-
nals and 2 multiplexed with the on-chip analog multiplexer inputs

* 16 analog input pins through the on-chip AMUX circuit

* 2 analog power pins (Vppa: Vssa)

* 2 trigger pins shared with AN[55:56]/PQA[3:4]

The 16 channel/port pins can support up to 41 channels when external multiplexing is
used (including internal channels). All of the channel pins can also be used as general-
purpose digital port pins.

The following paragraphs describe QADCG64 pin functions. Figure 5-2 shows the
QADC64 module pins.
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Figure 5-2 QADCG64 Input and Output Signals
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5.3.1 Port A Pin Functions
The eight port A pins can be used as analog inputs, or as a bidirectional 8-bit digital | T'
input/output port.

5.3.1.1 Port A Analog Input Pins

When used as analog inputs, the eight port A pins are referred to as AN[59:52]. Due
to the digital output drivers associated with port A, the analog characteristics of port A
are different from those of port B. All of the analog signal input pins may be used for
at least one other purpose.

5.3.1.2 Port A Digital Input/Output Pins

Port A pins are referred to as PQA when used as a bidirectional 8-bit digital input/out-
put port. These eight pins may be used for general-purpose digital input signals or
digital output signals.

Port A pins are connected to a digital input synchronizer during reads and may be used
as general purpose digital inputs. Since port A read captures the data on all pins,
including those used for digital outputs or analog inputs, the user should employ a
“masking” operation to filter the inappropriate bits from the input byte.

Each port A pin is configured as input or output by programming the port data direction
register (DDRQA). Digital input signal states are read into the PORTQA data register
when DDRQA specifies that the pins are inputs. Digital data in PORTQA is driven onto
the port A pins when the corresponding bits in DDRQA specify outputs.

5.3.2 Port B Pin Functions

The eight port B pins can be used as analog inputs, or as an 8-bit digital input only port.
Refer to the following paragraphs for more information.

5.3.2.1 Port B Analog Input Pins

When used as analog inputs, the eight port B pins are referred to as AN[51:48]/
AN[3:0]. Since port B functions as analog and digital input only, the analog character-
istics are different from those of port A. All of the analog signal input pins may be used
for at least one other purpose.

5.3.2.2 Port B Digital Input Pins

Port B pins are referred to as PQBJ[7:0] when used as an 8-bit digital input only port. In
addition to functioning as analog input pins, the port B pins are also connected to the
input of a synchronizer during reads and may be used as general-purpose digital
inputs.

Since port B pins are input only, there is no associated data direction register. Digital
input signal states are read from the PORTQB data register. Since a port B read cap-
tures the data on all pins, including those used for analog inputs, the user should
employ a “masking” operation to filter the inappropriate bits from the input byte.
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5.3.3 External Trigger Input Pins
The QADC64 has two external trigger pins (ETRIG[2:1]). Each of the two external trig- | T'
ger pins is associated with one of the scan queues. When a queue is in external trigger
mode, the corresponding external trigger pin is configured as a digital input.

5.3.4 Multiplexed Address Output Pins

In non-multiplexed mode, the 16 channel pins are connected to an internal multiplexer
which routes the analog signals into the A/D converter.

In externally multiplexed mode, the QADC64 allows automatic channel selection
through up to four external 1-of-8 multiplexer chips. The QADC64 provides a 3-bit mul-
tiplexed address output to the external multiplexer chips to allow selection of one of
eight inputs. The multiplexed address output signals MA[2:0] can be used as multiplex
address output bits or as general-purpose 1/O.

When externally multiplexed mode is enabled, MA[2:0] are used as the address inputs
for up to four 1-of-8 multiplexer chips (for example, the MC14051 and the
MC74HC4051). Since MA[2:0] are digital outputs in multiplexed mode, the software
programmed input/output direction and data for these pins in DDQA[2:0], DDRQA, and
PQA[2:0] is ignored, and the value for MA[2:0] is taken from the currently executing
CCw.

5.3.5 Multiplexed Analog Input Pins
In externally multiplexed mode, four of the port B pins are redefined to each represent
a group of eight input channels. Refer to Table 5-1.

The analog output of each external multiplexer chip is connected to one of the AN[w,
X, Y, z] inputs in order to convert a channel selected by the MA[2:0] multiplexed
address outputs.

Table 5-1 Multiplexed Analog Input Channels

Multiplexed Analog Input Channels
ANw?! Even numbered channels from 0 to 14
ANx! Odd numbered channels from 1 to 15
ANy? Even numbered channels from 16 to 30
ANz2 Odd numbered channels from 17 to 31
NOTES:

1. If the on-chip multiplexer is enabled, ANw and ANXx are used as inputs
for the AMUX outputs.

2. If the on-chip AMUX is enabled, then AN2 and AN3 should be read as
channels AN16 and AN17.

5.3.6 Voltage Reference Pins

Vry and Vg, are the dedicated input pins for the high and low reference voltages. Sep-
arating the reference inputs from the power supply pins allows for additional external
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filtering, which increases reference voltage precision and stability, and subsequently
contributes to a higher degree of conversion accuracy.

5.3.7 Dedicated Analog Supply Pins

Vppa and Vggp pins supply power to the analog subsystems of the QADC64 module.
Dedicated power is required to isolate the sensitive analog circuitry from the normal
levels of noise present on the digital power supply.

5.3.8 External Digital Supply Pin

Each port A pin includes a digital output driver, an analog input signal path, and a dig-
ital input synchronizer. The Vggg pin provides the ground level for the drivers on the
port A pins. Vppy provides the supply level for the drivers on port A pins.

5.3.9 Digital Supply Pins

Vpp and Vgg provide the power for the digital portions of the QADCG64, and for all other
digital MCU modules.

5.4 QADC64 Bus Interface

The QADCG64 supports 8-bit, 16-bit, and 32-bit data transfers, at even and odd
addresses. Coherency of results read, (ensuring that all results read were taken con-
secutively in one scan) is not guaranteed. For example, if two consecutive 16-bit
locations in a result area are read, the QADC64 could change one 16-bit location in
the result area between bus cycles. There is no holding register for the second 16-bit
location. All read and write accesses that require more than one 16-bit access to com-
plete occur as two or more independent bus cycles. Depending on bus master
protocol, these accesses could include misaligned and 32-bit accesses.

Normal reads from and writes to the QADCG64 require two clock cycles. However, if the
CPU tries to access locations that are also accessible to the QADC64 while the
QADC®64 is accessing them, the bus cycle will require additional clock cycles. The
QADC64 may insert from one-to-four wait states in the process of a CPU read from,
or write to, such a location.

5.5 Module Configuration

The QADC64 module configuration register (QADC64MCR) defines freeze and stop
mode operation, supervisor space access, and interrupt arbitration priority. Unimple-
mented bits read zero and writes have no effect. QADC64MCR is typically written once
when software initializes the QADC64, and not changed thereafter. Refer to 5.12.1
QADC64 Module Configuration Register for register and bit descriptions.

5.5.1 Low-Power Stop Mode

When the STOP bitin QADC64MCR is set, the clock signal to the A/D converter is dis-
abled, effectively turning off the analog circuitry. This results in a static, low power
consumption, idle condition. Low-power stop mode aborts any conversion sequence
in progress. Because the bias currents to the analog circuits are turned off in low-
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power stop mode, the QADC64 requires some recovery time (tsg see Table E-12 4,
APPENDIX E ELECTRICAL CHARACTERISTICS) to stabilize the analog circuits
after the STOP bit is cleared.

In low-power stop mode, the BIU state machine and logic do not shut down: the
QADC64MCR and the interrupt register (QADC64INT) are fully accessible and are not
reset. The data direction register (DDRQA), port data register (PORTQA/PORTQB),
and control register 0 (QACRO) are not reset and are read-only accessible. The RAM
is not reset and is not accessible. Control register 1 (QACR1), control register 2
(QACR2), and the status registers (QASRO and QASR1) are reset and are read-only
accessible. In addition, the periodic/interval timer is held in reset during stop mode.

If the STOP bit is clear, low-power stop mode is disabled. The STOP bit must be clear
to program CCW'’s into RAM or read results from RAM.

5.5.2 Freeze Mode

The QADC64 enters freeze mode when background debug mode is enabled and a
breakpoint is processed. This is indicated by assertion of the FREEZE line on the
IMB3. The FRZ bit in QADC64MCR determines whether or not the QADC64 responds
to an IMB FREEZE assertion. Freeze mode is useful when debugging an application.

When the IMB FREEZE line is asserted and the FRZ bit is set, the QADC64 finishes
any conversion in progress and then freezes. Depending on when the FREEZE is
asserted, there are three possible queue freeze scenarios:

* When a queue is not executing, the QADC64 freezes immediately.

* When a queue is executing, the QADC64 completes the current conversion and
then freezes.

« If during the execution of the current conversion, the queue operating mode for
the active queue is changed, or a queue 2 abort occurs, the QADC64 freezes im-
mediately.

When the QADC64 enters the freeze mode while a queue is active, the current CCW
location of the queue pointer is saved.

During freeze, the analog clock, QCLK, is held in reset and the periodic/interval timer
is held in reset. External trigger events that occur during the freeze mode are not cap-
tured. The BIU remains active to allow IMB access to all QADC64 registers and RAM.
Although the QADCG64 saves a pointer to the next CCW in the current queue, the soft-
ware can force the QADC64 to execute a different CCW by writing new queue
operating modes for normal operation. The QADC64 looks at the queue operating
modes, the current queue pointer, and any pending trigger events to decide which
CCW to execute.

If the FRZ bit is clear, assertion of the IMB FREEZE line is ignored.

5.5.3 Supervisor/Unrestricted Address Space

The QADC64 memory map is divided into two segments: supervisor-only data space
and assignable data space. Access to supervisor-only data space is permitted only
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when the CPU is operating in supervisor mode. Assignable data space can have either
restricted to supervisor-only data space access or unrestricted supervisor and user
data space accesses. The SUPV bit in QADC64MCR designates the assignable
space as supervisor or unrestricted.

Attempts to read or write supervisor-only data space when the CPU is not in supervisor
mode cause the bus master to assert the internal transfer error acknowledge (TEA)
signal.

The supervisor-only data space segment contains the QADC64 global registers, which
include QADC64MCR and QADCG64INT. The supervisor/unrestricted space designa-
tion for the CCW table, the result word table, and the remaining QADC64 registers is
programmable.

5.6 General-Purpose I/0O Port Operation

QADC64 port pins, when used as general-purpose input, are conditioned by a syn-
chronizer with an enable feature. The synchronizer is not enabled until the QADC64
decodes an IMB bus cycle which addresses the port data register to minimize the high-
current effect of mid-level signals on the inputs used for analog signals. Digital input
signals must meet the input low voltage (V,,) or input high voltage (V,y) requirements,
see Table E-3 in APPENDIX E ELECTRICAL CHARACTERISTICS. If an analog
input pin does not meet the digital input pin specifications when a digital port read
operation occurs, an indeterminate state is read. To avoid reading inappropriate val-
ues on analog inputs, the user software should employ a “masking” operation.

During a port data register read, the actual value of the pin is reported when its corre-
sponding bit in the data direction register defines the pin to be an input (port A only).
When the data direction bit specifies the pin to be an output, the content of the port
data register is read. By reading the latch which drives the output pin, software instruc-
tions (like bit manipulation instructions) that read data, modify it, and write the result
work correctly.

There is one special case to consider for digital 1/O port operation. When the MUX
(externally multiplexed) bit is set in QACRO, the data direction register settings are
ignored for the bits corresponding to PQA[2:0] and the three multiplexed address
MA[2:0] output pins. The MA[2:0] pins are forced to be digital outputs, regardless of
the data direction setting, and the multiplexed address outputs are driven. The data
returned during a port data register read is the value of the multiplexed address latches
which drive MA[2:0], regardless of the data direction setting.

5.6.1 Port Data Register

QADC®64 ports A and B are accessed through two 8-bit port data registers (PORTQA
and PORTQB). Port A pins are referred to as PQA when used as an 8-bit input/output
port. Port A can also be used for analog inputs AN[59:52] and external multiplexer
address outputs MA[2:0].
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Port B pins are referred to as PQB when used as an 8-bit input-only digital port. Port
B can also be used for non-multiplexed AN[51:48]/AN[3:0] and multiplexed ANz, ANy,
ANX, ANw analog inputs.

PORTQA and PORTQB are unaffected by reset. Refer to 5.12.3 Port A/B Data Reg-
ister for register and bit descriptions.

5.6.2 Port Data Direction Register

The port data direction register (DDRQA) is associated with the port A digital I/O pins.
These bidirectional pins may have somewhat higher leakage and capacitance speci-
fications. Refer to APPENDIX E ELECTRICAL CHARACTERISTICS for more
information.

Any bit in this register set to one configures the corresponding pin as an output. Any
bit in this register cleared to zero configures the corresponding pin as an input. Soft-
ware is responsible for ensuring that DDRQA bits are not set to one on pins used for
analog inputs. When a DDRQA bit is set to one and the pin is selected for analog con-
version, the voltage sampled is that of the output digital driver as influenced by the
load.

NOTE

Caution should be exercised when mixing digital and analog inputs.
This should be minimized as much as possible. Input pin rise and fall
times should be as large as possible to minimize AC coupling effects.

Since port B is input-only, a data direction register is not needed. Read operations on
the reserved bits in DDRQA return zeros, and writes have no effect. Refer to 5.12.4
Port Data Direction Register for register and bit descriptions.

5.7 External Multiplexing Operation

External multiplexers concentrate a number of analog signals onto a few inputs to the
analog converter. This is helpful in applications that need to convert more analog sig-
nals than the A/D converter can normally provide. External multiplexing also puts the
multiplexer closer to the signal source. This minimizes the number of analog signals
that need to be shielded due to the close proximity of noisy, high speed digital signals
near the MCU.

NOTE

The main QADC64 treats the AMX as an external multiplexer. It is
recommended that full external multiplexing not be used on the
MC68F375. Mixed internal and external multiplexing should be used.
See 5.13.2 Mixed AMUX/External Multiplexing and Figure 5-13.

The QADCG64 can use from one-to-four external multiplexers to expand the number of
analog signals that may be converted. Up to 32 analog channels can be converted
through external multiplexer selection. The externally multiplexed channels are auto-
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matically selected from the channel field of the conversion command word (CCW)
table, the same as internally multiplexed channels.

All of the automatic queue features are available for externally and internally multi-
plexed channels. The software selects externally multiplexed mode by setting the
MUX bit in QACRO.

Figure 5-3 shows the maximum configuration of four external multiplexers connected
to the QADC64. The external multiplexers select one of eight analog inputs and con-
nect it to one analog output, which becomes an input to the QADC64. The QADC64
provides three multiplexed address signals (MA[2:0]), to select one of eight inputs.
These outputs are connected to all four multiplexers. The analog output of each mul-
tiplexer is each connected to one of four separate QADC64 inputs — ANw, ANX, ANy,
and ANz.

ANO ]

< V.
AN2 > - SSA
ANZ Vo ANALOG POWER
ANG nl
MUX
ANG v
AN10-»] VRH ANALOG REFERENCES
AN12 -] RL
AN14-3
Vsse
VboH
ANS < \Ai \A
ANS > e
AN7 2 pux
AN9 >
ﬁkﬁ%" ANO/ANW/PQBO >
ANIS ] ANL/ANX/PQBL >
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AN3/ANZ/PQB3 o =
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AN16->] AN49/PQB5 > o
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Figure 5-3 Example of Full External Multiplexing

When the external multiplexed mode is selected, the QADC64 automatically creates
the MA[2:0] output signals from the channel number in each CCW. The QADC64 also
converts the proper input channel (ANw, ANx, ANy, and ANz) by interpreting the CCW
channel number. As a result, up to 32 externally multiplexed channels appear to the
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conversion queues as directly connected signals. Software simply puts the channel
number of an externally multiplexed channel into a CCW.

Figure 5-3 shows that MA[2:0] may also be analog or digital input pins. When external
multiplexing is selected, none of the MA[2:0] pins can be used for analog or digital
inputs. They become multiplexed address outputs.

5.8 Analog Input Channels

The number of available analog channels varies, depending on whether or not external
multiplexing is used. A maximum of 16 analog channels are supported by the internal
multiplexing circuitry of the converter. Table 5-2 shows the total number of analog
input channels supported with zero-to-four external multiplexers.

Table 5-2 Analog Input Channels

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

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

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

5.9 Analog Subsystem

The QADC64 analog subsystem includes a front-end analog multiplexer, a digital-to-
analog converter (DAC) array, a comparator, and a successive approximation register
(SAR).

The analog subsystem path runs from the input pins through the input multiplexing cir-
cuitry, into the DAC array, and through the analog comparator. The output of the
comparator feeds into the SAR.

Figure 5-4 shows a block diagram of the QADC64 analog submodule.
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Figure 5-4 QADC64 Module Block Diagram

QADC64 DETAIL BLOCK

5.9.1 Conversion Cycle Times

Total conversion time is made up of initial sample time, final sample time, and resolu-
tion time. Initial sample time refers to the time during which the selected input channel
is driven by the buffer amplifier onto the sample capacitor. The buffer amplifier can be
disabled by means of the BYP bit in the CCW. During the final sampling period, ampli-
fier is bypassed, and the multiplexer input charges the RC DAC array directly. During
the resolution period, the voltage in the RC DAC array is converted to a digital value
and stored in the SAR.

Initial sample time is fixed at two QCLK cycles. Final sample time can be 2, 4, 8, or 16
QCLK cycles, depending on the value of the IST field in the CCW. Resolution time is
ten QCLK cycles.

Sample and resolution require a minimum of 14 QCLK clocks (7 pus with a 2 MHz
QCLK). If the maximum final sample time period of 16 QCLKSs is selected, the total
conversion time is 13.0 us with a 2 MHz QCLK.

Figure 5-5 illustrates the timing for conversions. This diagram assumes a final
sampling period of two QCLK cycles.
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Figure 5-5 Conversion Timing

5.9.1.1 Amplifier Bypass Mode Conversion Timing

If the amplifier bypass mode is enabled for a conversion by setting the amplifier bypass
(BYP) bit in the CCW, the timing changes to that shown in Figure 5-6. The buffered
sample time is eliminated, reducing the potential conversion time by two QCLKs. How-
ever, due to internal RC effects, a minimum final sample time of four QCLKs must be
allowed. This results in no savings of QCLKs. When using the bypass mode, the exter-
nal circuit should be of low source impedance, typically less than 10 kQ. Also, the
loading effects of the external circuitry by the QADC64 need to be considered, since
the benefits of the sample amplifier are not present.

NOTE

Because of internal RC time constants, a sample time of 2 QCKLs in
bypass mode for high frequency operation is not recommended.

SAMPLE

TIME RESOLUTION
N CYCLES: TIME
(2, 4, 8, 16) 10 CYCLES
g g
| - P
SAMPLE SUCCESSIVE APPROXIMATION RESOLUTION

TIME SEQUENCE

Figure 5-6 Bypass Mode Conversion Timing
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5.9.2 Front-End Analog Multiplexer
The internal multiplexer selects one of the 16 analog input pins or one of three special | T'
internal reference channels for conversion. The following are the three special
channels:

* Vry — Reference voltage high
» Vz. — Reference voltage low
* (Vry — Vr)/2 — Mid-reference voltage

The selected input is connected to one side of the DAC capacitor array. The other side
of the DAC array is connected to the comparator input. The multiplexer also includes
positive and negative stress protection circuitry, which prevents other channels from
affecting the present conversion when excessive voltage levels are applied to the
other channels. Refer to APPENDIX E ELECTRICAL CHARACTERISTICS for spe-
cific voltage level limits.

5.9.3 Digital-to-Analog Converter Array

The digital-to-analog converter (DAC) array consists of binary-weighted capacitors
and a resistor-divider chain. The array serves two purposes:

» The array holds the sampled input voltage during conversion.
* The resistor-capacitor array provides the mechanism for the successive approx-
imation A/D conversion.

Resolution begins with the MSB and works down to the LSB. The switching sequence
is controlled by the SAR logic.

5.9.4 Comparator

The comparator is used during the approximation process to sense whether the digi-
tally selected arrangement of the DAC array produces a voltage level higher or lower
than the sampled input. The comparator output feeds into the SAR which accumulates
the A/D conversion result sequentially, starting with the MSB.

5.9.5 Successive Approximation Register

The input of the successive approximation register (SAR) is connected to the compar-
ator output. The SAR sequentially receives the conversion value one bit at a time,
starting with the MSB. After accumulating the ten bits of the conversion result, the SAR
data is transferred by the queue control logic in the digital section to the appropriate
result location, where it may be read by user software.

5.10 Digital Control Subsystem

The digital control subsystem includes the clock and periodic/interval timer, control
and status registers, the conversion command word table RAM, and the result word
table RAM.

The central element for control of QADC64 conversions is the 64-entry conversion
command word (CCW) table. Each CCW specifies the conversion of one input chan-
nel. Depending on the application, one or two queues can be established in the CCW
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table. A queue is a scan sequence of one or more input channels. By using a pause
mechanism, subqueues can be created within the two queues. Each queue can be
operated using several different scan modes. The scan modes for queue 1 and queue
2 are programmed in QACR1 and QACR2. Once a queue has been started by a trigger
event (any of the ways to cause the QADC64 to begin executing the CCWs in a queue
or subqueue), the QADC64 performs a sequence of conversions and places the
results in the result word table.

5.10.1 Queue Priority

Queue 1 has execution priority over queue 2 execution. Table 5-3 shows the condi-
tions under which queue 1 asserts its priority:

Table 5-3 Queue 1 Priority Assertion

Queue State

Result

Inactive

A trigger event for queue 1 or queue 2 causes the corresponding queue execution to
begin.

Queue 1 active/trigger event
occurs for queue 2

Queue 2 cannot begin execution until queue 1 reaches completion or the paused
state. The status register records the trigger event by reporting the queue 2 status as
trigger pending. Additional trigger events for queue 2, which occur before execution
can begin, are recorded as trigger overruns.

Queue 2 active/trigger event
occurs for queue 1

The current queue 2 conversion is aborted. The status register reports the queue 2
status as suspended. Any trigger events occurring for queue 2 while queue 2 is sus-
pended are recorded as trigger overruns. Once queue 1 reaches the completion or
the paused state, queue 2 begins executing again. The programming of the resume

bit in QACR2 determines which CCW is executed in queue 2.

Simultaneous trigger events
occur for queue 1 and queue 2

Queue 1 begins execution and the queue 2 status is changed to trigger pending.

Subqueues paused

The pause feature can be used to divide queue 1 and/or queue 2 into multiple sub-
qgueues. A subqueue is defined by setting the pause bit in the last CCW of the sub-

queue.

Figure 5-7 shows the CCW format and an example of using pause to create sub-
gueues. Queue 1 is shown with four CCWs in each subqueue and queue 2 has two
CCWs in each subqueue.
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Figure 5-7 QADC64 Queue Operation with Pause

The queue operating mode selected for queue 1 determines what type of trigger event
causes the execution of each of the subqueues within queue 1. Similarly, the queue
operating mode for queue 2 determines the type of trigger event required to execute
each of the subqueues within queue 2.

The choice of single-scan or continuous-scan applies to the full queue, and is not
applied to each subqueue. Once a subqueue is initiated, each CCW is executed
sequentially until the last CCW in the subqueue is executed and the pause state is
entered. Execution can only continue with the next CCW, which is the beginning of the
next subqueue. A subqueue cannot be executed a second time before the overall
gueue execution has been completed.

Trigger events which occur during the execution of a subqueue are ignored, except
that the trigger overrun flag is set. When continuous-scan mode is selected, a trigger
event occurring after the completion of the last subqueue (after the queue completion
flag is set), causes execution to continue with the first subqueue, starting with the first
CCW in the queue.
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When the QADC64 encounters a CCW with the pause bit set, the queue enters the
paused state after completing the conversion specified in the CCW with the pause bit.
The pause flag is set and a pause software interrupt may optionally be issued. The sta-
tus of the queue is shown to be paused, indicating completion of a subqueue. The
QADC®64 then waits for another trigger event to again begin execution of the next
subqueue.

5.10.2 Queue Boundary Conditions
The following are queue operation boundary conditions:

» The first CCW in a queue contains channel 63, the end-of-queue (EOQ) code.
The gqueue becomes active and the first CCW is read. The end-of-queue is rec-
ognized, the completion flag is set, and the queue becomes idle. A conversion is
not performed.

* BQ2 (beginning of queue 2) is set at the end of the CCW table (63) and a trigger
event occurs on queue 2. 5.12.5 QADC64 Control Register 0 (QACRO0) on BQ2.
The end-of-queue condition is recognized, a conversion is performed, the com-
pletion flag is set, and the queue becomes idle.

* BQ2 is set to CCWO0 and a trigger event occurs on queue 1. After reading CCWO,
the end-of-queue condition is recognized, the completion flag is set, and the
gqueue becomes idle. A conversion is not performed.

* BQ2 (beginning of queue 2) is set beyond the end of the CCW table (64-127) and
a trigger event occurs on queue 2. Refer to 5.12.7 QADC64 Control Register 2
(QACR2) for information on BQ2. The end-of-queue condition is recognized im-
mediately, the completion flag is set, and the queue becomes idle. A conversion
is not performed.

NOTE

Multiple end-of-queue conditions may be recognized simultaneously,
although there is no change in the QADC64 behavior. For example,
if BQ2 is set to CCW0, CCWO contains the EOQ code, and a trigger
event occurs on queue 1, the QADC64 reads CCWO0 and detects
both end-of-queue conditions. The completion flag is set for queue 1
only and it becomes idle.

Boundary conditions also exist for combinations of pause and end-of-queue. One case
is when a pause bit is in one CCW and an end-of-queue condition is in the next CCW.
The conversion specified by the CCW with the pause bit set completes normally. The
pause flag is set. However, since the end-of-queue condition is recognized, the com-
pletion flag is also set and the queue status becomes idle, not paused. Examples of
this situation include:

» The pause bit is set in CCWS5 and the channel 63 (EOQ) code is in CCW6.
» The pause bit is set in CCW63.
e During queue 1 operation, the pause bit is set in CCW14 and BQ2 points to

CCW15.
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Another pause and end-of-queue boundary condition occurs when the pause and an
end-of-queue condition occur in the same CCW. Both the pause and end-of-queue
conditions are recognized simultaneously. The end-of-queue condition has prece-
dence so a conversion is not performed for the CCW and the pause flag is not set. The
QADC®64 sets the completion flag and the queue status becomes idle. Examples of
this situation are:

» The pause bhit is set in CCWO0 and EOQ is programmed into CCWO.
» During queue 1 operation, the pause bit is set in CCW20, which is also BQ2.

5.10.3 Scan Modes

The QADC64 queuing mechanism provides several methods for automatically scan-
ning input channels. In single-scan mode, a single pass through a sequence of
conversions defined by a queue is performed. In continuous-scan mode, multiple
passes through a sequence of conversions defined by a queue are executed. The pos-
sible modes are:

* Disabled and reserved mode

* Software initiated single-scan mode

 External trigger single-scan mode

 External gated single-scan mode (queue 1 only)

* Interval timer single-scan mode

 Software initiated continuous-scan mode

 External trigger continuous-scan mode

» External gated continuous-scan mode (queue 1 only)
* Interval timer continuous-scan mode

The following paragraphs describe the disabled/reserved, single-scan, and continu-
ous-scan operations.

5.10.3.1 Disabled Mode

When the disabled mode is selected, the queue is not active. Trigger events cannot
initiate queue execution. When both queue 1 and queue 2 are disabled, wait states are
not encountered for IMB accesses of the RAM. When both queues are disabled, it is
safe to change the QCLK prescaler values.

5.10.3.2 Reserved Mode

Reserved mode allows for future mode definitions. When the reserved mode is
selected, the queue is not active.

CAUTION
Do not use a reserved mode. Unspecified operations may result.

5.10.3.3 Single-Scan Modes

When the application software wants to execute a single pass through a sequence of
conversions defined by a queue, a single-scan queue operating mode is selected. By
programming the MQ field in QACR1 or QACRZ2, the following modes can be selected:
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 Software initiated single-scan mode

 External trigger single-scan mode

 External gated single-scan mode (queue 1 only)
* Interval timer single-scan mode

NOTE

Queue 2 can not be programmed for external gated single-scan
mode.

In all single-scan queue operating modes, the software must also enable the queue to
begin execution by writing the single-scan enable bit to a one in the queue’s control
register. The single-scan enable bits, SSE1 and SSE2, are provided for queue 1 and
gueue 2 respectively.

Until the single-scan enable bit is set, any trigger events for that queue are ignored.
The single-scan enable bit may be set to a one during the write cycle, which selects
the single-scan queue operating mode. The single-scan enable bit can be written as a
one or a zero, but is always read as a zero. The completion flag, completion interrupt,
or gueue status are used to determine when the queue has completed.

After the single-scan enable bit is set, a trigger event causes the QADC64 to begin
execution with the first CCW in the queue. The single-scan enable bit remains set until
the queue is completed. After the queue reaches completion, the QADC64 resets the
single-scan enable bit to zero. If the single-scan enable bit is written to a one or a zero
by the software before the queue scan is complete, the queue is not affected. How-
ever, if the software changes the queue operating mode, the new queue operating
mode and the value of the single-scan enable bit are recognized immediately. The
conversion in progress is aborted and the new queue operating mode takes effect.

In the software initiated single-scan mode, the writing of a 1 to the single-scan enable
bit causes the QADC64 to internally generate a trigger event and the queue execution
begins immediately. In the other single-scan queue operating modes, once the single-
scan enable bit is written, the selected trigger event must occur before the queue can
start. The single-scan enable bit allows the entire queue to be scanned once. A trigger
overrun is captured if a trigger event occurs during queue execution in the external trig-
ger single-scan mode and the interval timer single-scan mode.

In the interval timer single-scan mode, the next expiration of the timer is the trigger
event for the queue. After the queue execution is complete, the queue status is shown
as idle. The software can restart the queue by setting the single-scan enable bit to a
1. Queue execution begins with the first CCW in the queue.

Software Initiated Single-Scan Mode. Software can initiate the execution of a scan
sequence for queue 1 or 2 by selecting the software initiated single-scan mode, and
writing the single-scan enable bit in QACR1 or QACR2. A trigger event is generated
internally and the QADC64 immediately begins execution of the first CCW in the
gueue. If a pause occurs, another trigger event is generated internally, and then exe-
cution continues without pausing.
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The QADC64 automatically performs the conversions in the queue until an end-of-
gueue condition is encountered. The queue remains idle until the software again sets
the single-scan enable bit. While the time to internally generate and act on a trigger
event is very short, software can momentarily read the status conditions, indicating
that the queue is paused. The trigger overrun flag is never set while in the software
initiated single-scan mode.

The software initiated single-scan mode is useful in the following applications:

* Allows software complete control of the queue execution.
* Allows the software to easily alternate between several queue sequences.

External Trigger Single-Scan Mode. The external trigger single-scan mode is a vari-
ation of the external trigger continuous-scan mode, and is also available with both
gueue 1 and queue 2. The software programs the polarity of the external trigger edge
that is to be detected, either a rising or a falling edge. The software must enable the
scan to occur by setting the single-scan enable bit for the queue.

The first external trigger edge causes the queue to be executed one time. Each CCW
is read and the indicated conversions are performed until an end-of-queue condition
Is encountered. After the queue is completed, the QADC64 clears the single-scan
enable bit. Software may set the single-scan enable bit again to allow another scan of
the queue to be initiated by the next external trigger edge.

The external trigger single-scan mode is useful when the input trigger rate can exceed
the queue execution rate. Analog samples can be taken in sync with an external event,
even though the software is not interested in data taken from every edge. The software
can start the external trigger single-scan mode and get one set of data, and at a later
time, start the queue again for the next set of samples.

When a pause bit is encountered during external trigger single-scan mode, another
trigger event is required for queue execution to continue. Software involvement is not
needed to enable queue execution to continue from the paused state.

The external trigger single-scan mode is also useful when the software needs to
change the polarity of the external trigger so that both the rising and falling edges
cause queue execution.

External Gated Single-Scan Mode. The QADC64 provides external gating for queue
1 only. When external gated single-scan mode is selected, a transition on the associ-
ated external trigger pin initiates queue execution. The polarity of the external gated
signal is fixed so only a high level opens the gate and a low level closes the gate. Once
the gate is open, each CCW is read and the indicated conversions are performed until
the gate is closed. Software must enable the scan to occur by setting the single-scan
enable bit for queue 1. If a pause in a CCW is encountered, the pause flag will not
set, and execution continues without pausing.

While the gate is open, queue 1 executes one time. Each CCW is read and the indi-
cated conversions are performed until an end-of-queue condition is encountered.
When queue 1 completes, the QADC64 sets the completion flag (CF1) and clears the
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single-scan enable bit. Software may set the single-scan enable bit again to allow
another scan of queue 1 to be initiated during the next open gate. | T[

If the gate closes before queue 1 completes execution, the current CCW completes,
execution of queue 1 stops, the single-scan enable bit is cleared, and the PF1 bit is
set. Software can read the CWPQL to determine the last valid conversion in the queue.
Software must set the single-scan enable bit again and should clear the PF1 bit before
another scan of queue 1 is initiated during the next open gate. The start of queue 1 is
always the first CCW in the CCW table.

Interval Timer Single-Scan Mode. Both queues can use the periodic/interval timer in
a single-scan queue operating mode. The timer interval can range from 128 to 128K
QCLK cycles in binary multiples. When the interval timer single-scan mode is selected
and the software sets the single-scan enable bit in QACR1(2), the timer begins count-
ing. When the time interval elapses, an internal trigger event is created to start the
gueue and the QADC64 begins execution with the first CCW.

The QADC64 automatically performs the conversions in the queue until a pause or an
end-of-queue condition is encountered. When a pause occurs, queue execution stops
until the timer interval elapses again, and queue execution continues. When the queue
execution reaches an end-of-queue situation the single-scan enable bit is cleared.
Software may set the single-scan enable bit again, allowing another scan of the queue
to be initiated by the interval timer.

The interval timer generates a trigger event whenever the time interval elapses. The
trigger event may cause the queue execution to continue following a pause, or may be
considered a trigger overrun. Once the queue execution is completed, the single-scan
enable bit must be set again to enable the timer to count again.

Normally, only one queue will be enabled for interval timer single-scan mode and the
timer will reset at the end-of-queue. However, if both queues are enabled for either sin-
gle-scan or continuous interval timer mode, the end-of-queue condition will not reset
the timer while the other queue is active. In this case, the timer will reset when both
gueues have reached end-of-queue.

The interval timer single-scan mode can be used in applications which need coherent
results, for example:

* When itis necessary that all samples are guaranteed to be taken during the same
scan of the analog pins.

* When the interrupt rate in the periodic timer continuous-scan mode would be too
high.

* In sensitive battery applications, where the single-scan mode uses less power
than the software initiated continuous-scan mode.

5.10.3.4 Continuous-Scan Modes

When the application software wants to execute multiple passes through a sequence
of conversions defined by a queue, a continuous-scan queue operating mode is
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selected. By programming the MQ1(2) field in QACR1(2), the following software initi-
ated modes can be selected:

» Software initiated continuous-scan mode

* External trigger continuous-scan mode

 External gated continuous-scan mode (queue 1 only)
* Interval timer continuous-scan mode

When a queue is programmed for a continuous-scan mode, the single-scan enable bit
in the queue control register does not have any meaning or effect. As soon as the
gueue operating mode is programmed, the selected trigger event can initiate queue
execution.

In the case of the software initiated continuous-scan mode, the trigger event is gener-
ated internally and queue execution begins immediately. In the other continuous-scan
gueue operating modes, the selected trigger event must occur before the queue can
start. A trigger overrun is captured if a trigger event occurs during queue execution in
the external trigger continuous-scan mode and the periodic timer continuous-scan
mode.

After the queue execution is complete, the queue status is shown as idle. Since the
continuous-scan queue operating modes allow the entire queue to be scanned multi-
ple times, software involvement is not needed to enable queue execution to continue
from the idle state. The next trigger event causes queue execution to begin again,
starting with the first CCW in the queue.

NOTE

In this version of QADC64, coherent samples can be guaranteed.
The time between consecutive conversions has been designed to be
consistent, provided the sample time bits in both the CCW and IST
are identical. However, there is one exception. For queues that end
with a CCW containing EOQ code (channel 63), the last queue con-
version to the first queue conversion requires 1 additional CCW fetch
cycle. Therefore continuous samples are not coherent at this
boundary.

In addition, the time from trigger to first conversion can not be guar-
anteed since it is a function of clock synchronization, programmable
trigger events, queue priorities, and other factors.

Software Initiated Continuous-Scan Mode. When the software initiated continuous-
scan mode is programmed, the trigger event is generated automatically by the
QADC®64. Queue execution begins immediately. If a pause is encountered, another
trigger event is generated internally, and then execution continues without pausing.
When the end-of-queue is reached, another internal trigger event is generated, and
gqueue execution begins again from the beginning of the queue.

While the time to internally generate and act on a trigger event is very short, software
can momentarily read the status conditions, indicating that the queue is idle. The trig-
ger overrun flag is never set while in the software initiated continuous-scan mode.
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The software initiated continuous-scan mode keeps the result registers updated more
frequently than any of the other queue operating modes. The software can always
read the result table to get the latest converted value for each channel. The channels
scanned are kept up to date by the QADC64 without software involvement. Software
can read a result value at any time.

The software initiated continuous-scan mode may be chosen for either queue, but is
normally used only with queue 2. When the software initiated continuous-scan mode
Is chosen for queue 1, that queue operates continuously and queue 2, being lower in
priority, never gets executed. The short interval of time between a queue 1 completion
and the subsequent trigger event is not sufficient to allow queue 2 execution to begin.

The software initiated continuous-scan mode is a useful choice with queue 2 for con-
verting channels that do not need to be synchronized to anything, or for the slow-to-
change analog channels. Interrupts are normally not used with the software initiated
continuous-scan mode. Rather, the software reads the latest conversion result from
the result table at any time. Once initiated, software action is not needed to sustain
conversions of channel. Data read at different locations, however, may or may not be
coherent (that is, from the same queue scan sequence).

External Trigger Continuous-Scan Mode. The QADC64 provides external trigger
pins for both queues. When the external trigger software initiated continuous-scan
mode is selected, a transition on the associated external trigger pin initiates queue
execution. The polarity of the external trigger signal is programmable, so that the soft-
ware can choose to begin queue execution on the rising or falling edge. Each CCW is
read and the indicated conversions are performed until an end-of-queue condition is
encountered. When the next external trigger edge is detected, the queue execution
begins again automatically. Software initialization is not needed between trigger
events.

When a pause bit is encountered in external trigger continuous-scan mode, another
trigger event is required for queue execution to continue. Software involvement is not
needed to enable queue execution to continue from the paused state.

Some applications need to synchronize the sampling of analog channels to external
events. There are cases when it is not possible to use software initiation of the queue
scan sequence, since interrupt response times vary.

External Gated Continuous-Scan Mode. The QADC64 provides external gating for
queue 1 only. When external gated continuous-scan mode is selected, a transition on
the associated external trigger pin initiates queue execution. The polarity of the exter-
nal gated signal is fixed so a high level opens the gate and a low level closes the gate.
Once the gate is open, each CCW is read and the indicated conversions are per-
formed until the gate is closed. When the gate opens again, the queue execution
automatically begins again from the beginning of the queue. Software initialization is
not needed between trigger events. If a pause in a CCW is encountered, the pause
flag will not set, and execution continues without pausing.
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The purpose of external gated continuous-scan mode is to continuously collect digi-
tized samples while the gate is open and to have the most recent samples available.
To ensure consistent sample times in waveform digitizing, for example, the program-
mer must ensure that all CCW’s have identical sample time settings in IST.

Itis up to the programmer to ensure that the queue is large enough so that a maximum
gate open time will not reach an end-of-queue. However it is useful to take advantage
of a smaller queue in the manner described below.

In the event that the queue completes before the gate closes, a completion flag will be
set and the queue will roll over to the beginning and continue conversions until the gate
closes. If the gate remains open and the queue completes a second time, the trigger
overrun flag will be set and the queue will roll over again. The queue will continue to
execute until the gate closes or the mode is disabled.

If the gate closes before queue 1 completes execution, the current CCW completes
and execution of queue 1 stops and QADC64 sets the PF1 bit to indicate an incom-
plete queue. Software can read the CWPQ1 to determine the last valid conversion in
the queue. In this mode, if the gate opens again, execution of queue 1 begins again.
The start of queue 1 is always the first CCW in the CCW table.

Interval Timer Continuous-Scan Mode. The QADC64 includes a dedicated periodic/
interval timer for initiating a scan sequence on queue 1 and/or queue 2. Software
selects a programmable timer interval ranging from 128 to 128K times the QCLK
period in binary multiples. The QCLK period is prescaled down from the intermodule
bus (IMB) MCU clock.

When a periodic timer continuous-scan mode is selected for queue 1 and/or queue 2,
the timer begins counting. After the programmed interval elapses, the timer generated
trigger event starts the appropriate queue. Meanwhile, the QADC64 automatically per-
forms the conversions in the queue until an end-of-queue condition or a pause is
encountered. When a pause occurs, the QADC64 waits for the periodic interval to
expire again, then continues with the queue. Once end-of-queue has been detected,
the next trigger event causes queue execution to begin again with the first CCW in the
queue.

The periodic timer generates a trigger event whenever the time interval elapses. The
trigger event may cause the queue execution to continue following a pause or queue
completion, or may be considered a trigger overrun. As with all continuous-scan queue
operating modes, software action is not needed between trigger events.

Software enables the completion interrupt when using the periodic timer continuous-
scan mode. When the interrupt occurs, the software knows that the periodically col-
lected analog results have just been taken. The software can use the periodic interrupt
to obtain non-analog inputs as well, such as contact closures, as part of a periodic look
at all inputs.
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5.10.4 QADC64 Clock (QCLK) Generation
Figure 5-8 is a block diagram of the clock subsystem. The QCLK provides the timing | T'
for the A/D converter state machine, which controls the timing of the conversion. The
QCLK is also the input to a 17-stage binary divider which implements the periodic/
interval timer. To retain the specified analog conversion accuracy, the QCLK fre-
quency (FocLk) must be within the tolerance specified in APPENDIX E ELECTRICAL
CHARACTERISTICS.

Before using the QADC64, the software must initialize the prescaler with values that
put the QCLK within the specified range. Though most software applications initialize
the prescaler once and do not change it, write operations to the prescaler fields are
permitted.

NOTE

For software compatibility with earlier versions of QADC64, the defi-
nition of PSL, PSH, and PSA have been maintained. However, the
requirements on minimum time and minimum low time no longer
exist.

CAUTION
A change in the prescaler value while a conversion is in progress is
likely to corrupt the result from any conversion in progress. There-
fore, any prescaler write operation should be done only when both
gueues are in the disabled modes.
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Figure 5-8 QADCG64 Clock Subsystem Functions

To accommodate wide variations of the main MCU clock frequency (IMB system clock
- F¢,s)» QCLK is generated by a programmable prescaler which divides the MCU sys-
tem clock to a frequency within the specified QCLK tolerance range. To allow the A/D
conversion time to be maximized across the spectrum of system clock frequencies, the
QADCG64 prescaler permits the frequency of QCLK to be software selectable. It also
allows the duty cycle of the QCLK waveform to be programmable.

The software establishes the basic high phase of the QCLK waveform with the PSH
(prescaler clock high time) field in QACRO, and selects the basic low phase of QCLK
with the PSL (prescaler clock low time) field. The combination of the PSH and PSL
parameters establishes the frequency of the QCLK.
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NOTE

The guideline for selecting PSH and PSL is select is to maintain
approximately 50% duty cycle. So for prescaler values less then 16,
or PSH = PSL. For prescaler values greater than 16 keep PSL as
large as possible.

Figure 5-8 shows that the prescaler is essentially a variable pulse width signal gener-
ator. A 5-bit down counter, clocked at the system clock rate, is used to create both the
high phase and the low phase of the QCLK signal. At the beginning of the high phase,
the 5-bit counter is loaded with the 5-bit PSH value. When the zero detector finds that
the high phase is finished, the QCLK is reset. A 3-bit comparator looks for a one’s com-
plement match with the 3-bit PSL value, which is the end of the low phase of the QCLK.
The PSA bit was maintained for software compatibility, but has no effect on QADC64.

The following equations define Qclk frequency:
High QCLK Time = (PSH + 1) + Fgysg
Low QCLK Time = (PSL + 1) + Fgys
Focik =1 + (High QCLK Time + Low QCLK Time)
Where:

* PSH = 0 to 31, the prescaler QCLK high cycles in QACRO
* PSL =0 to 7, the prescaler QCLK low cycles in QACRO
* F,s = System clock frequency

. FQCLK = QCLK frequency

The following are equations for calculating the QCLK high and low phases in example
1 shown in Figure 5-9:

High QCLK Time = (11 + 1) + 40 x10% = 300 ns
Low QCLK Time = (7 + 1) + 40 x10° = 200 ns
Fock = 1/(300 + 200) = 2 Mhz

The following are equations for calculating the QCLK high and low phases in example
2 shown in Figure 5-9:

High QCLK Time = (7 +1) + 32 x 10% = 250 ns
Low QCLK Time = (7 + 1) + 32 x 10% = 250 ns
Fock = 1/(250 + 250) = 2 Mhz
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Figure 5-9 and Table 5-4 show examples of QCLK programmability. The examples
include conversion times based on the following assumption: | T[

* Input sample time is as fast as possible (IST = 0, 2 QCLK cycles).

Figure 5-9 and Table 5-4 also show the conversion time calculated for a single con-
version in a queue. For other MCU system clock frequencies and other input sample
times, the same calculations can be made.
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Figure 5-9 QADC64 Clock Programmability Examples

Table 5-4 QADC64 Clock Programmability

Control Register 0 Information Input Sample Time (IST) = 0b00
Example QCLK Conversion Time
Number Frequency PSH PSA PSL (MHz) (11s)
1 40 Mhz 11 0 7 2.0 7.0
2 32 Mhz 7 0 7 2.0 7.0
NOTE

PSA is maintained for software compatibility but has no functional
benefit to this version of the module.

The MCU system clock frequency is the basis of the QADC64 timing. The QADC64
requires that the system clock frequency be at least twice the QCLK frequency. The
QCLK frequency is established by the combination of the PSH and PSL parameters in
QACRO. The 5-bit PSH field selects the number of system clock cycles in the high
phase of the QCLK wave. The 3-bit PSL field selects the number of system clock
cycles in the low phase of the QCLK wave.

Example 1 in Figure 5-9 shows that when PSH = 11, the QCLK remains high for
twelve cycles of the system clock. It also shows that when PSL = 7, the QCLK remains
low for eight system clock cycles. In example 2, PSH = 7, the QCLK remains high for
eight cycles of the system clock. It also shows that when PSL = 7, the QCLK remains
low for eight system clock cycles.
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5.10.5 Periodic/Interval Timer
The on-chip periodic/interval timer is enabled to generate trigger events at a program- | T'
mable interval, initiating execution of queue 1 and/or 2. The periodic/interval timer
stays reset under the following conditions:

* Queue 1 and queue 2 are programmed to any queue operating mode which does
not use the periodic/interval timer

* Interval timer single-scan mode is selected, but the single-scan enable bit is set
to zero

» IMB system reset or the master reset is asserted

» Stop mode is selected

* Freeze mode is selected

Two other conditions which cause a pulsed reset of the timer are:

* Roll over of the timer counter

A queue operating mode change from one periodic/interval timer mode to another
periodic/interval timer mode, depending on which queues are active in timer
mode.

NOTE

The periodic/interval timer will not reset for a queue 2 operating mode
change from one periodic/interval timer mode to another periodic/
interval timer mode while queue 1 is in an active periodic/interval
timer mode.

During the low power stop mode, the periodic/interval timer is held in reset. Since low
power stop mode causes QACR1 and QACR2 to be reset to zero, a valid periodic or
interval timer mode must be written after stop mode is exited to release the timer from
reset.

When the IMB internal FREEZE line is asserted and a periodic or interval timer mode
is selected, the timer counter is reset after the conversion in progress completes.
When the periodic or interval timer mode has been enabled (the timer is counting), but
a trigger event has not been issued, the freeze mode takes effect immediately, and the
timer is held in reset. When the internal FREEZE line is negated, the timer counter
starts counting from the beginning.

5.11 Interrupts

Interrupt recognition and servicing involve interaction between the integration module,
the CPU, and the module requesting interrupt service. This section provides an over-
view of the QADC interrupt process. Polled operation, an alternative to using
interrupts, is discussed along with the different aspe