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PREFACE

The complete documentation package for the MC68356 consists of MC68356UM/AD, the
MC68356 Signal Processing Communications Engine User's Manual; MC68356/D, the
MC68356 Signal Processing Communications Engine Product Brief, DSP56KFAMUM/AD
the DSP56000 Digital Signal Processor Family Manual; and M68000PM/AD, the M68000
Programmer’s Reference Manual. Information on Plastic Ball Grid Array (PBGA) layout con-
siderations is available in AN1231/D, "Plastic Ball Grid Array Application Note", available
from your local Motorola sales office.

The MC68356 Signal Processing Communications Engine User's Manual describes the pro-
gramming, capabilities, registers, and operation of the MC68356; the MC68356 Signal Pro-
cessing Communications Engine Product Brief provides a brief description of the MC68356
capabilities; the DSP56000 Digital Signal Processor Family Manual describes programming
and the instruction set for the DSP engine; and the M68000 Programmer’s Reference Man-
ual describes programming and the instruction set for the IMP processor.

This user's manual is organized as follows:

Section 1 Introduction

Section 2 Signal Description

Section 3 IMP and DSP Clocking and Low Power Modes
Section 4 68000 Core

Section 5 Memory Map

Section 6 System Integration Block

Section 7 Communications Processor

Section 8 PCMCIA Controller

Section 9 DSP Memory Modules and Operating Modes
Section 10 DSP Port A

Section 11 DSP Host Port

Section 12 DSP Serial Ports

Section 13  IEEE 1149 Test Access Port (TAP)

Section 14 Electrical Specifications

Section 15  Ordering Information and Mechanical Data
Appendix A SCC Performance

Appendix B Development Tools and Support

Appendix C DSP Bootstrap Program

Applications and Technical Information

For questions or comments pertaining to technical information, questions, and applications,
please contact one of the following sales. offices nearest you.
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SECTION 1
INTRODUCTION

The MC68356 is the first commercially available monolithic device to offer a general purpose
digital signal processor, CISC microprocessor, and RISC microprocessor on a single chip.
Included in the list of features of the MC68356 are a static integrated multiprotocol commu-
nications processor (IMP) whose features form a superset of the popular MC68302, a static
DSP56002 based 24-bit digital signal processor with greatly expanded on-board memory
spaces, a PCMCIA slave interface with a UART block that emulates the UART 16550, and
a fully programmable low-power management system. These features make the MC68356
ideally suited for applications requiring DSP technology, portability, low power consumption,
and high integration. The planned modem version of the MC68356 features fully functional
ROM resident modem datapump code implementing popular dial line modem protocols, in-
cluding the new V.34 standard.

1.1 MC68356 KEY FEATURES

The following list summarizes the key features of the MC68356. The features are divided
into separate sections for the communications processor and DSP portions of the device.
New features, which do not exist on the current versions of the MC68302 and the
DSP56002, are highlighted in bold text.

Integrated Multiprotocol Processor (IMP) Features:
* CPM68000 Core Processor
—Fully Static Version of the HCMOS MC68000/MC68008 Core
—25MHz at 5V, Future Version - 20MHz at 3.3 V
* System Integration Block Including:

—Fully Programmable PLL for System Clock Generation with Low Power Clock
Output Drivers

—Independent DMA (IDMA)

—Interrupt Controller with Two Modes of Operation

—Up to 45 Parallel /O Pins with Up to 8 Extra Input Pins

—Three Timers Including a Watchdog Timer

—Four Programmable Chip-Select Lines

—Glueless Interface to SRAM, EPROM, Flash EPROM, and EEPROM
—Programmable Interrupt Timer with Independent Clocking
—Programmable Address Mapping of the Dual-Port RAM and IMP Registers
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1-2

—System Control:
--Bus Arbitration Logic with Low-Interrupt Latency Support
--System Status and Control Logic
--Disable CPU Logic (M68000)
--Hardware Watchdog
--DRAM Refresh Controller
Communication Processor (CP)
—RISC Controller
—Six Serial DMA (SDMA) Channels
—1152 Bytes of Dual Port RAM
—Serial Channels Physical Interface:
--Motorola Interchip Digital Link (IDL)
--General Circuit Interface (GCI)
--Pulse Code Modulation (PCM) Highway
--Non-Multiplexed Serial Interface (NMSI) Implementing Standard Modem Signals
—SCP for Synchronous Communication :
—Two Serial Management Controllers (SMC's) to Support IDL and GCI Channels
—Three Serial Communication Channels (SCC’s) Protocol Support Includes:
--HDLC
--UART
--UART 16550 Emulation
--BISYNC
--Totally Transparent Mode
—Autobaud Support Up to 115 Kbps with Multiple SCC's

—Internal Connection Option between SCC1 and DSP SCI with Separate Transmit
and Receive Clocks

PCMCIA Support

—PCMCIA 2.1 Compatible Slave Interface (8- or 16-bit Options)
—Support for Ring Detect and Other Indications

—Support for Power-Down Modes

—Support for Direct Access by PCMCIA Host to 68000 Bus for Fast Data
Transfers

16550 Emulation Block
—Complete H/W and S/W Emulation of the 16550 UART
—DMA Support for the 68000 Side of the 16550 Emulation Controller
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¢ Low Power Control
—On Chip PLL Can Be Used with 32-KHz Crystal

—Ability to Change the System Clock Frequency “On the Fly” Using a
Programmable 4-bit Clock Divider

—New Low-Power Modes
—Minimum Current Drain in pA Range
—One External Crystal Can Generate Clocks for both IMP and DSP
Digital Signal Processor Features:
» DSP56K Central Processing Unit
—30 MIPS at 60MHz - 5V, Future Version at 22.5 MIPS (45 MHZ) at 3.3 V
—Single Instruction Cycle 24 x 24-Bit Parallel Multiply-Accumulator
—Highly Parallel Instruction Set with Unique Addressing Modes
—Zero-Overhead Nested Do Loops
—Fast Auto-Return Interrupts
—On-Chip Emulator (OnCE) for Unobtrusive, Full-Speed Debugging
—Fully Static Logic, Operating Frequency Down to DC
—Low-Power CMOS Design
—STOP and WAIT Low-Power Standby Modes
* Low Power Control
—On Chip PLL Can Be Used with 32-KHz Crystal
—Slow-Go Modes “On the Fly” using the 4-Bit Clock Divider Qutput
—Minimum Current Drain in pA Range
—One External Crystal Can Generate Clocks for Both IMP and DSP
* Expanded DSP Memory Spaces:
—5.25K x 24 Program RAM
—64 x 24 Program Bootstrap ROM
—3K x 24 X-Data RAM
—2.5K x 24 Y-Data RAM
—2 x 256 x 24 Data p and A Law and Sine ROM
¢ Full Speed Memory Expansion Port with 16-Bit Address and 24-Bit Data Bus
* 8-bit Host interface
—Internally Connects to 68K Bus

—Configurable Interface Logic Selects between DMA Transfers and Interrupt-
Driven Transfers :

—Accessible by External 68000 Bus Masters
¢ Synchronous Serial Interface (SSI) Port
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—Separate RX and TX Clocks

—Internal Connection Option — Internally Connects SCC1 of IMP to SCI of DSP
—DTE to Datapump Direct Mode — Direct Connection of SCC2 to DSP SCI for

¢ Serial Communication Interface (SCI+ Port)

Support of Synchronous Modem Protocols
Direct Access from DSP to 68000 Bus
—Allows the DSP to Read and Write Locations on the 68000 Bus

1.2 MC68356 ARCHITECTURE OVERVIEW

The architecture of the MC68356 is shown in Figure 1-1. The top portion of Figure 1-1 is the
integrated multiprotocol processor section (IMP), which is based on the MC68302. The low-
er half of the block diagram is the DSP section of the MC68356 and includes large memory
blocks of DSP program and data RAM.
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Figure 1-1. MC68356 Block Diagram
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1.2.1 Integrated Multiprotocol Processor (IMP) Portion of the MC68356

The integrated multiprotocol processor (IMP) portion, which is based on the MC68302, con-
sists of a communications processor section with three serial communications channels
(SCC) that handle popular communications protocols such as HDLC, asynchronous
(UART), BYSYNC, and synchronous protocols. Two serial management channels (SMC)
and an interchip serial interface are also included. Flexible physical interfacing options ease
connections to ISDN GCI and IDL interfaces as well as other muxed interfacing options. In
addition, the system integration block includes an IDMA, six serial DMA channels, two gen-
eral purpose timers, a watchdog timer, a periodic interrupt timer, an interrupt controller, four
chip selects and general purpose 1/O pins.

The original dynamic 68000 core used on the MC68302 has been replaced with a new static
core that has been modified to improve power conservation and increase performance. The
new core will operate at any oscillator clock frequency between 0 Hz and the maximum al-
lowed clock frequency.

A PLL clock generation module has been added on the MC68356 to allow new power saving
modes and oscillator/crystal options to optimize system power savings and oscillator parts
count. The PLL, when enabled, can be driven by any oscillator or crystal frequency between
25 kHZ and 6 MHZ. The PLL output clock frequency is determined by the multiplication fac-
tor that is written to the PLL by software. The PLL block also includes a frequency divider on
the output stage, which allows software to adjust the output system clock without forcing the
PLL to lose lock. An option is also available to enable the IMP clock generation module to
generate the DSP system clock, which eliminates the need for a separate DSP oscillator or
crystal circuit.

The performance of the autobauding function has been improved to allow full use of two
SCC's while autobauding at speeds up to 115.2 Kbps on a third SCC.

A PCMCIA block provides a glueless slave interface to a PCMCIA bus conforming to revi-
sion 2.1 of the PCMCIA specification. The PCMCIA interface can be configured as either an
8- or 16-bit slave interface. In a PCMCIA application, the initialization routine requires the
PCMCIA card to provide the host with information about the configuration of the card. This
information is called the card information structure (CIS). The MC68356 PCMCIA interface
allows the CIS to be stored in 68K memory. The host can also directly access the 68000 bus
by using the direct access mode logic which will allow the host to carry out burst mode ac-
cesses to 68000 bus memory locations. Once initialization is complete, application data can
be transferred via the 16550 emulation or directly into the 68K memory.

The UART 16550 block allows the MC68356 to appear as a standard COM port to an x86
style PC. The 16550 emulation block supports the pins, the register set, timing, and interrupt
structure of the original 16550 device. The 16550 emulation block may be used for PCMCIA
applications or on a standard AT-card to interface to the AT bus.

1.2.2 DSP Portion of the MC68356

The DSP module of the MC68356 is based on a 60 MHz (at 5 V), 30 MIPS version of the
DSP56002. The DSP56002 is a 24 bit fixed point DSP which includes a full Harvard archi-
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tecture with separate internal X and Y data buses as well as a separate program bus. The
DSP56002 features fast auto-return interrupts, zero-overhead nested Do loops, and an On-
Chip Emulator (OnCE) for unobtrusive, full speed debugging. The internal memory spaces
have been expanded to include 5.25K x 24 words of program RAM, and 5.5K x 24 words of
X-Y data RAM. The expanded internal memory space of the DSP module offers these ad-
vantages:

1. Increased performance gained from being able to take advantage of the internal par-
allelism of the 56002. External DSP memory accesses are reduced or eliminated. The
56002's Harvard architecture allows it to simultaneously fetch program, X-data, and Y-
data memory. This feature cannot be fully utilized for a given instruction when more
than one type of external memory is used, because the DSP56002 has a single exter-
nal system bus. The larger memory blocks improve overall performance by increasing
the likelihood that the DSP56002 can perform simultaneous accesses to the three
DSP memory spaces.

2. Reduced Memory Costs — The expanded internal memory spaces coupled with the
host port boot mode and the DSP to IMP direct access mechanism allow most appli-
cations to store DSP programs in cheaper 68K memory which can be downloaded into
the DSP56002 when needed. If all DSP programs can be run from the MC68356 in-
ternal memory system, the need for external DSP memory is eliminated. If external
DSP memory is still required, the system can be configured such that the high speed
DSP algorithms are stored internally, allowing the DSP to use slower RAM for its ex-
ternal memory requirements. The reduction or elimination of external DSP memory re-
sults in lower power and reduced system cost.

The host interface of the original DSP56002 is internally connected to the 68K bus. Internal
interface logic is provided to allow the host port to be accessed via the IMP IDMA unit or via
interrupt request logic to the 68000 core. In addition, the host port can be accessed by ex-
ternal 68000 bus masters.

The MC68356 also supports a 56002 to 68000 bus direct access mechanism to allow the
56000 core to access the 68000 bus via direct access logic to store and retrieve data at
68000 bus speeds. The mechanism is convenient for storing data in slower, cheaper 68000
memory space.

The addition of separate Rx and Tx clocking to the SCI port (now called the SCI+) and its
connection to SCC1 provide the MC68356 with another link between the IMP and DSP. The
modifications to the host interface and the SCI port improve communication between the
communications processor and DSP modules of the MC68356, and eliminate the need for
additional logic that would normally be required to interface a DSP to the serial interface of
an embedded controller.

1.3 DESIGNING WITH MC68356

Since the MC68356 provides the functions of a higher performance MC68302 and a power-
ful DSP core in a single chip, many designers who currently use the MC68302 with a DSP
in the same system may want to upgrade their current and future designs with the MC68356.
The following paragraphs briefly discuss the issues that would be faced in such an effort.
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1.3.1 Hardware Compatibility Issues

The MC68356 is not pin compatible with either the MC68302 or the DSP56002, since it is a
combination of the two devices. Some of the pins in these devices are removed on the
MC68356 as described in Section 2 Signal Description. New pins are added, and for the
IMP, new pin multiplexing options have been added as well.

The MC68356 is available in the PBGA package (plastic ball grid array) which has more pins
and a different physical interface than the QFP and PGA packages used by the MC68302
and DSP56002.

1.3.2 Glueless Interfaces

Three new pins (OE, WEH, WEL) have been added to facilitate glueless interfacing to
SRAM, EPROM, Flash EPROM, and EEPROM on the 68000 bus.

1.3.3 Software Compatibility Issues

The instruction sets of the IMP (68302) and DSP (56002) in the MC68356 are identical to
their discrete counterparts.

Previous users of the MC68302 and DSP56002 will notice that very few features of these
components have been removed during the integration. The main issue in upgrading a sys-
tem operating with a separate DSP56002 and MC68302 is to modify the software to take full
advantage of the new features of the MC68356.

1.4 APPLICATIONS FOR MC68356

Having a powerful DSP in combination with an integrated communication controller allows
the MC68356 to be especially useful in communications applications. High-speed fax and
modem applications are well-suited for this device. Other applications include medical in-
struments, PBXs, base stations, PDAs, and wireless communication systems.

1.4.1 General Purpose Application

Figure 1-2 shows a general purpose application that includes a T1 connection running
HDLC, an asynchronous channel, and a PCMCIA or ISA bus interface to a host computer.
On the DSP side, the diagram shows that multiple codecs or analog to digital converters can
be connected in parallel to the DSP synchronous serial interface (SSI), as well as to the ex-
ternal DSP bus.
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Figure 1-2. General Purpose Application

1.4.2 MC68356 Minimum Memory System Configuration

Figure 1-3 shows the minimum memory system configuration required for an MC68356 de-
sign. This system uses an EPROM (flash or regular) to store program code for the system,
and SRAM for no wait state program and data memory. No external decode logic is needed
for the memory interface because of the internal chip selects which include the WEH, WEL
and OE decodes. Since the DSP processor has 5.25K of program SRAM and 5.5K of data
SRAM residing on-chip, all program and data code can be stored in the 68000 memories
and downloaded via the internal host port connection to the DSP using the host port boot
mode. Later transfers of program and data code in 68K memory can be initiated by the DSP
using the DSP to 68000 direct access mechanism without requiring service from the 68000

core.

1-8
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MC68356
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Figure 1-3. MC68356 Minimum Memory System Configuration

1.4.3 Modem Applications

The architecture of the MC68356 lends itself particularly well to high-speed modem applica-
tions. The MC68356 has been specifically tailored to meet the requirements of the new V.34
modem standard. Figure 1-4 shows a PCMCIA modem application using the MC68356. Fig-
ure 1-5 shows a typical “box modem” application which uses an RS232 interface to the DTE.
Figure 1-6 shows a modem ISA bus card that takes advantage of the 16550 UART built into
the MC68356. An upcoming version of the MC68356 will include a complete modem data-
pump in on-chip ROM so that no external DSP memory will be needed. Note that the need
for a separate PCMCIA interface chip as well as a controller to DSP interface chip is elimi-
nated.
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Figure 1-4. PCMCIA Modem Application
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1.4.4 Fax/Modem Software Availability

To meet this application need, DSP data pump functions of a V.34 modem can be obtained
directly from Motorola. The following industry standards and functions will be supported by
the DSP datapump software:

e V.34

* V.33

* V.32bis with rate re-negotiation
e V.32

* V.29

o V. 27ter

e V.23

¢ V.22bis

e V.22

e V.21

e V.17

e Bell 212A

e Bell 103

¢ Test Mode Support

Check with Motorola to obtain release schedules of the various components of this software.
This software will be made available for purchase in a special mask ROM part number. Mo-
torola will continue to develop and supply DSP software in MC68356 internal DSP ROM that
will support future dial line modem standards.
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SECTION 2
SIGNAL DESCRIPTION

This section defines the MC68356 pinout (Figure 2-1). The input and output signals of the
MC68356 are organized into two main groups, the IMP pins and the DSP pins. Each group
is then organized into functional groups and described in the following sections. For more

detail on each signal, refer to the paragraph named for the signal.

8C0-SC2

PORT A/DATA DDO-DD23 i
SCK
DA0-DA15 SRD
FS -—— sTD
PORT A/ADDRESS S -

DSCK/OS1/TCK
XN —

DBG/BS -— DSO/TDO
PORT A/CONTROL DBRWT —» ~@— DRIMVS

RD
WR --— JTAG_ONCE

MODC/NMI — PvCC
RESET e
INT. AND MODE ~ MOPB/RGE —» coap
CONTROL MODA/IRGA —

CsSelect

DRESET —»|
CKOUT

DNC(5)

Figure 2-1. Functional Signal Groups
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Signal Description

T
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Figure 2-2. Functional Signal Groups
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Signal Description

2.1 IMP PINS

Some of the pins allotted to the IMP portion of the MC68356 are multiplexed between the
normal IMP signals and the PCMCIA signals.The pin multiplexing is organized so the user
has all the corresponding IMP pins available when not using PCMCIA. In fact, when not us-
ing the PCMCIA interface, additional PIO ports are available. The following paragraphs
describe the IMP signals, assuming that the PCMCIA interface is notenabled. The PC-
MCIA signals are described following those paragraphs. The PCMCIA interface is enabled
by strapping the PC_EN pin high.

The IMP uses a standard M68000 bus for communication between both on-chip and exter-
nal peripherals. This bus is a single, continuous bus existing both on-chip and off-chip. Any
access made internal to the device is visible externally. Any access made external is visible
internally. Thus, when the M68000 core accesses the dual-port RAM, the bus signals are
driven externally. Likewise, when an external device accesses an area of external system
memory, the chip-select logic can be used to generate the chip-select signal and DTACK.

The input and output signals of the IMP are organized into functional groups as shown in
Table 2-1 and Table 2-2.

Table 2-1. IMP System Bus Pins

Group Signal Name Mnemonic /0 Section
. EXTAL, |
Closk Crystal Oscillator YTAL 0
oc
i i 2.3.6 IMP and DSP
External Filter Capacitor XFC | Gioakand PLL Pins
Clock Mode Select 1 and 2 MODCLK1, 2 |
Clock Out CLKO (0]
Reset RESET 110
Syst Halt HAL [I{e]
stem
Control Bus Error BERR YO | 5.1.1 System Con-
Bus Width Select BUSW | trol
Disable CPU DiscPU I
Three-State . RIS |
' 2.1.2 IMP Address
Address Address Bus A23-A1 VO | Bus Pins (A23-A1)
and FC . 2.1.6 Interrupt
Function Codes FC2-FCo VO | &orarol Bimap
2.1.3 IMP Data Bus
Data Data Bus 15-0 D15-Do 110 Pins (D15—DO0)
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Signal Description

Table 2-1. IMP System Bus Pins

Group Signal Name Mnemonic /o Section
Address Strobe AS o]
Read/Write RW 110
Upper Data Strobe / Address 0 UDS/A0 /o]
Lower Data Strobe / Data Strobe LDS/DS /{e]
Data Transfer Acknowledge DTACK l[e}
Bus Read-Modify-Write Cycle/ Interrupt Output 1/ RMC /10UT1/ /o]
Control PCMCIA Address PC_AO || 21-4Buys Control
Internal Access 1AC (0]
Bus Clear BCLR/ 1o
PCMCIA Address PC_At |
Write Enable High WEH (o]
Write Enable Low WEL o]
Output Enable OE (o)
Bus Request BR o
Bus 2.1.5 Bus Arbitra-
Arbitration Bus Grant BG o tion Pins
Bus Grant Acknowledge BGACK /0
Interrupt Priority Level 0 / Interrupt Request 1 PLO/IRQT I
Interrupt Interrupt Priority Level 1/ Interrupt Request 6 IPLT/IRQ6 I 216 Interrupt Con-
Control Interrupt Priority Level 2/ Interrupt Request 7 TPL2/IRQ7 I trol Pins
Autovector / Interrupt Output 0 AVEC/TOUTO [l[e]
Chip Select Chip Select 0 or Interrupt Output 2 CSo/fouT2 0 2.1.17 Chip-Select
Chip Select 1-3 CS1-C53 0 Pins
Spare Not Connected NCi1-5 2.1.18 N?r;gonnect
. 2.3.6 IMP andDSP
Clock Synthesizer Ground GNDSYN | g]ock and PLL
ins
Power Clock Synthesizer Power VCCSYN I
2.4 Power and
System Power Supply and Return VCC, GND | Ground Pins
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Signal Description

Table 2-2. IMP Peripheral Pins

Group Signal Name Mnemonic 1/0 Section
Receive Data/ Layer 1 Receive data RXD1/L1RXD |
Transmit Data / Layer 1 Transmit data TXD1/L1TXD (0]
Receive Clock/ Layer 1 clock RCLK1/L1CLK /0
Transmit Clock/ PCM Sync /
Serial Data Strobe 1 TCLK1/L1SY0/SDS1 | 1/O
NMSI1 or ; CDi/L1SY1/ 2.1.10 NMSH or
ISDN Carrier Detect / Layer 1 Sync / PCMCIA Address PC_A11 | ISBN Interface Pins
Clear To Send/ Layer 1 Grant/ PCMCIA Address CTSTL1GR |
PC_A10
Request To Send/ Layer 1 Request / RTS1/L1RQ/GCIDCL/ o
GCI Clock Out/ PCMCIA WAIT PC_WAIT
Baud Rate Generator 1 Output / PCMCIA Status /PCSTSCHG
Changed P BRG1/PC_ o
Receive Data/ Port A/ RXD2/PA0/ /o
PCMCIA Data PC_Ds8
Transmit Data/ Port A/ TXD2/PA1/ e
PCMCIA Data PC_D9
Receive Clock / Port A/ RCLK2/PA2/ 1o
PCMCIA Data PC_D10
NMSj2 or Transmit Clock / Port A/ TCLK2/PA3/
PORTA | PCMCIA Data PC_D11 O 1 5 1 11 NMSI2 Port
PCMCIA Clear To Send/ Port A/ CTS2/PA4/ e or Port A Pins
Data PCMCIA Data PC_D12
Request To Send / Port A/ RTS2/PAS/ /o
PCMCIA Data PC_D13
Carrier Detect/ Port A/ CD2/PAs/ e
PCMCIA Data ’ PC_Di14
Baud Rate Generator 2 Output / Port A/ BRG2/PA7/ 1o
PCMCIA Data PC_D15
Receive Data/ Port A RXD3/PA8 1/0
Transmit Data/ Port A TXD3/PA9 /0
NMS Receive Clock / Port A RCLK3/PA10 /0
PUREA" [ Transmit Clock/ Port A TCLK3/PAT1 VO | 2.1.12 NMSI3 Port
- or Port A Pins or
ngP Pins SCP Receive Serial Data / Clear To Send SPRXD/CTS3 | SCP Pins
SCP Transmit Serial Data / Request To Send - SPTXD/RTS3 o
SCP Clock / Carrier Detect SPCLK/CD3 11O
Baud Rate Generator 3 Output / Port A BRG3/PA12/ 110
DMA Request/ Port A DREQ/PA13 110
IDMA Pins or 2.1.13IDMA or Port
PORT A DMA Acknowledge / Port A DACK/PA14 l{e} Pins
DMA Done / Port A DONE/PA15 /0
IACK Interrupt Acknowledge / Port B ACK7/PBO 110
PORTOE or | Interrupt Acknowledge / Port B ACK&/PB1 /O |2.1.14 IACK or PIO
i [ interrupt Acknowledge / Port B/ TACKT/PB2/ o | ForBPns
PCMCIA Address Buffer Enable PC_ABUF
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Signal Description

Table 2-2. IMP Peripheral Pins

Group Signal Name Mnemonic 1/0 Section
Timer 1 Input/ Port B TIN1/PB3 110
i R | wo
(:i:lgcfalflelgc- ;l(gwﬁaf;\l%%_/r%rt B/ T’;'(IEI_Q/VE EIST/ /O | 2.1.15 Timer Pins
Mafacels | [imer2 Ouput Pont B/ e | wo
Watchdog / Port B WDOG/PB7 o
2.1.16 Parallel /O
Port B IO PortB PB11-8 /0 | Pins with Interrupt
Capability
Port C PCIO0-7 /o
PCMCIA Low Data Bus PC_Do-7
PCMCIA Enable PC_EN |
PCMCIA Ready_Busy / Interrupt Request PC_RDY_BSY/REQ| O
Port D/ PCMCIA 10 Read PDIo/PC_TORD |
Port D/ PCMCIA IO Write PDI1/PC_JOWR |
PCMCIA or | Port D/ PCMCIA Write Enable PDI2/PC_WE | )
FORTS R [Port D/PCMCIA REG PDIPCREE | 1 | 22 POMCIAPins
Port D / PCMCIA Output Enable PDI4/PC_OE ]
Port D / PCMCIA Card Enable 1 PDI5/PC_CET |
Port D/ PCMCIA Card Enable 2 PDI6/PC_CE2 |
Port D/ PCMCIA Address PDI7/PC_A25 I
Port D/ PCMCIA Address PDI8-15/PC_A2-9 |

Signals in bold italics are enabled when the PCMCIA pins are enabled.

All pins except EXTAL and CLKO support TTL levels. EXTAL, when used as an input clock,
requires CMOS levels. CLKO supplies a CMOS level output.

All outputs (except CLKO) can drive up to 100 pF. CLKO is designed to drive up to 50 pF.

2.1.1 System Control
The system control pins are shown in Figure 2-2.

MC68356 BERR

Figure 2-2. System Control Pins
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Signal Description

RESET — Reset

This bidirectional, open-drain signal, acting as an input and asserted along with the HALT
pin, starts an initialization sequence called a total system reset that resets the entire IMP.
RESET and HALT should remain asserted for at least 100 ms at power-on reset, and at least
10 clocks otherwise. The on-chip system RAM is not initialized during reset except for sev-
eral locations initialized by the CP.

An internally generated reset, from the M68000 RESET instruction, causes the RESET line
to become an output for 124 clocks. In this case, the M68000 core is not reset; however, the
communication processor is fully reset, and the system integration block is almost fully reset
(refer to Section 5 Memory Map for a list of the unaffected registers). The user may also use
the RESET output signal in this case to reset all external devices.

During a total system reset, the address, data, and bus control pins are all three-stated, ex-
cept for CS3-CS0, WEH, WEL, and OE, which are high, and IAC, which is low. The BG pin
output is the same as that on the BR input. The general-purpose 1/O pins are configured as
inputs except for WDOG, which is an open-drain output. The NMSI1 pins are all inputs, ex-
cept for RTS1 and TXD1, which output a high value. RTS3 is high, CLKO is active and BRG1
is CLO/3.

NOTE

The RESET pin should not be asserted externally without also
asserting the HALT pin. To reset just the internal IMP peripher-
als, the RESET instruction may be used.

Besides the total system reset and the RESET instruction, some of the IMP peripherals have
reset bits in one of their registers that cause that particular peripheral to be reset to the same
state as a total system reset or the RESET instruction. Reset bits may be found in the CP
(in the CR), the IDMA (in the CMR), timer 1 (in the TMR1), and timer 2 (in the TMR2).

HALT—Halt

When this bidirectional, open-drain signal is driven by an external device, it will cause the
IMP bus master (M68000 core, SDMA, or IDMA) to stop at the completion of the current bus
cycle. If the processor has stopped executing instructions due to a double-fault condition,
this line is driven by the processor to indicate to external devices that the processor has
stopped. An example of a double-fault condition is the occurrence of a bus error followed by
a second bus error during the bus error exception stacking process. This signal is asserted
with the RESET signal to cause a total IMP system reset. If BERR is asserted with the HALT
signal, a retry cycle is performed.

BERR—Bus Error

This bidirectional, open-drain signal informs the bus master (M68000 core, SDMA, IDMA, or
external bus master) that there is a problem with the cycle currently being executed. This
signal can be asserted by the on-chip hardware watchdog (bus timeout because of no
DTACK), by the chip-select logic (address conflict or write-protect violation), or by external
circuitry. If BERR is asserted with the HALT signal, a retry cycle is performed.
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Signal Description

BUSW—Bus Width Select

This input defines the M68000 processor mode (MC68000 or MC68008) and the data bus
width (16 bits or 8 bits, respectively). BUSW may only be changed upon a total system reset.
In 16-bit mode, all accesses to internal and external memory by the MC68000 core, the ID-
MA, SDMA, and external master may be 16 bits, according to the assertion of the UDS and
LDS pins. In 8-bit mode, all M68000 core and IDMA accesses to internal and external mem-
ory are limited to 8 bits. Also in 8-bit mode, SDMA accesses to external memory are limited
to 8 bits, but CP accesses to the CP side of the dual-port RAM continue to be 16 bits. In 8-
bit mode, external accesses to internal memory are also limited to 8 bits at a time.

Low = 8-bit data bus, MC68008 core processor
High = 16-bit data bus, MC68000 core processor

DISCPU—Disable CPU (M68000 Core)

The IMP can be configured to work solely with an external CPU. In this mode the on-chip
M#68000 core CPU should be disabied by asserting the DISCPU pin high during a total sys-
tem reset (RESET and HALT asserted). DISCPU may only be changed on a total system
reset.

The DISCPU pin, for instance, allows use of several IMPs to provide more than three SCC
channels without the need for bus isolation techniques. Only one of the IMP M68000 cores
is active and services the other IMPs as peripherals (with their respective cores disabled).
Refer to 6.7.4 Disable CPU Logic (M68000) for more details.

TRIS - TRI State

This input is sampled during total system reset (RESET and HALT asserted), and when as-
serted, three-states all of the MC68356 pins.

2.1.2 IMP Address Bus Pins (A23-A1)
The address bus pins are shown in Figure 2-3.

MC68356 |-l A23 - A1

Figure 2-3. Address Bus Pins

A23—A1 form a 24-bit address bus when combined with UDS/A0. The address bus is a bi-
directional, three-state bus capable of addressing 16M bytes of data (including the IMP in-
ternal address space). It provides the address for bus operation during all cycles except
CPU space cycles. In CPU space cycles, the CPU reads a peripheral device vector number.

2-8 MC68356 USER’S MANUAL MOTOROLA



Signal Description

These lines are outputs when the IMP (M68000 core, SDMA or IDMA) is the bus master and
are inputs otherwise.

2.1.3 IMP Data Bus Pins (D15—D0)
The data bus pins are shown in Figure 2-4.

MC68356 |<atffjii~D23 - DA

Figure 2-4. Data Bus Pins

This 16-bit, bidirectional, three-state bus is the general-purpose data path. It can transmit
and accept data in either word or byte lengths. For all 16-bit IMP accesses, byte 0, the high-
order byte of a word, is available on D15-D8, conforming to the standard M68000 format.

When working with an 8-bit bus (BUSW is low), the data is transferred through the low-order
byte (D7-D0). The high-order byte (D15-D8) is not used for data transfer, but D8-D15 are
outputs during write cycles and are not three-stated.

2.1.4 Bus Control Pins
The bus control pins are shown in Figure 2-5.

——7S
—— AW
—— UDSA0
L [DSDS
—— DTACK
— C/I0UT1
—— IAC

- BCIR
- OF

| WEH, WEL

MC68356

Figure 2-5. Bus Control Pins

AS—Address Strobe

This bidirectional signal indicates that there is a valid address on the address bus. This line
is an output when the IMP (M68000 core, SDMA or IDMA) is the bus master and is an input
otherwise.
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Signal Description

R/W—Read/Write

This bidirectional signal defines the data bus transfer as a read or write cycle. It is an output
when the IMP is the bus master and is an input otherwise.

UDS/A0—Upper Data Strobe/Address 0

This bidirectional line controls the flow of data on the data bus. When using a 16-bit data
bus, this pin functions as upper data strobe (UDS). When using an 8-bit data bus, this pin
functions as AO0. When used as A0 (i.e., the BUSW pin is low), then the pin takes on the tim-
ing of the other address pins, as opposed to the strobe timing. This line is an output when
the IMP is the bus master and is an input otherwise.

LDS/DS—Lower Data Strobe/Data Strobe

This bidirectional line controls the flow of data on the data bus. When using a 16-bit data
bus, this pin functions as lower data strobe (LDS). When using an 8-bit data bus, this pin
functions as DS. This line is an output when the IMP (M68000 core, SDMA or IDMA) is the
bus master and is an input otherwise.

DTACK—Data Transfer Acknowledge

This bidirectional signal indicates that the data transfer has been completed. DTACK can be
generated internally in the chip-select logic either for an IMP bus master or for an external
bus master access to an external address within the chip-select ranges. It will also be gen-
erated internally during any access to the on-chip dual-port RAM or internal registers. If
DTACK is generated internally, then it is an output. It is an input when the IMP accesses an
external device not within the range of the chip-select logic or when programmed to be gen-
erated externally.

RMC/IOUT1—Read-Modify-Write Cycle Indication/Interrupt Output 1

This signal functions as RMC in normal operation. RMC is an output signal that is asserted
when a read-modify-write cycle is executed. It indicates that the cycle is indivisible.

When the MB8000 core is disabled, this pin operates as [OUT1. IOUT2-IOUTO provide the
interrupt request output signals from the IMP interrupt controller to an external CPU when
the M68000 core is disabled.

IAC—Internal Access

This output indicates that the current bus cycle accesses an on-chip location. This includes
the on-chip 4K byte block of internal RAM and registers (both real and reserved locations),
and the system configuration registers ($0F0-$0FF). The above-mentioned bus cycle may
originate from the M68000 core, the IDMA, or an external bus master. Note that, if the SDMA
accesses the internal dual-port RAM, it does so without arbitration on the M68000 bus;
therefore, the IAC pin is not asserted in this case. The timing of IAC is identical to that of the
CS3-CS0 pins.

IAC can be used to disable an external address/data buffer when the on-chip dual-port RAM
and registers are accessed, to prevent bus contention. Such a buffer is optional and is only
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Signal Description

required in larger systems. An external address/data buffer with its output enable (E) and
direction control (dir) may be placed between the two bus segments as shown in Figure 2-
6. The IAC signal saves the propagation delay and logic required to OR all the system chip-
select lines together to determine when to enable the external buffers.

IMP OTHER MASTER/SLAVE OTHER MASTER/SLAVE
A A |
Y
- .
Y
IAC ~———> E BUFFERS DIR |—— RW
A
€ ) >
Y / \
RAM ROM OTHER SLAVE

Figure 2-6. External Address/Data Buffer

BCLR—Bus Clear

This open-drain output indicates that the M68000 core or the serial DMA (SDMA) requests
the external bus master to release the bus. The core may be configured to assert this signal
when it has a pending interrupt to execute. The SDMA asserts this signal when one of.the
SCCs is requesting DMA service.

When the M68000 core is disabled, this signal is an input to the independent DMA (IDMA)
and is interpreted as a bus release request. It remains an output from the SDMA in this
mode.

WEH—Write Enable High

This output is the write enable for high byte accesses to external memory or peripherals
(see Section 14 Electrical Characteristics).

WEL—Write Enable Low

This output is the write enable for low byte accesses to external memory or peripherals (see
Section 14 Electrical Characteristics).
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OE—Output Enable

This‘output is active during read cycle and indicates that an external device should place
valid data on the bus.

2.1.5 Bus Arbitration Pins
The bus arbitration pins are shown in Figure 2-7.

— —BR
MC68356 BG
—— BGACK

Figure 2-7. Bus Arbitration Pins

BR—Bus Request

This input signal indicates to the on-chip bus arbiter that an external device desires to be-
come the bus master. See 6.7.5 Bus Arbitration Logic for details. This signal is an open-
drain output request signal from the IDMA and SDMA when the internal M68000 core is dis-
abled.

BG—Bus Grant

This output signal indicates to all external bus master devices that the processor will release
bus control at the end of the current bus cycle to an external bus master. This signal is an
input to the IDMA and SDMA when the internal M68000 core is disabled. During total system
reset, BG = BR. '

BGACK—Bus Grant Acknowledge

This bidirectional signal indicates that some other device besides the M68000 core has be-
come the bus master. This signal is an input when an external device or the M68000 core
owns the bus. This signal is an output when the IDMA or SDMA has become the master of
the bus. If the SDMA steals a cycle from the IDMA, the BGACK pin will remain asserted con-
tinuously.

NOTE

BGACK should always be used in the external bus arbitration
process. See 6.7.5 Bus Arbitration Logic for more details.
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2.1.6 Interrupt Control Pins
The interrupt control pins are shown in Figure 2-8.

— IPLO/IRQ1
L TPLT/IRQE

—— TPL2/IRG7
MC68356 | oo

- FC1

L FC2

I AVEC/IOUTO

Figure 2-8. Interrupt Control Pins

These inputs have dual functionality:

« PLO/IRQT
* [PL1/IRQ6
 TPL2/IRQ7—Interrupt Priority Level 2-0/Interrupt Request 1, 6, 7

As TPL2-IPLO (normal mode), these input pins indicate the encoded priority level of the ex-
ternal device requesting an interrupt. Level 7 is the highest (nonmaskable) priority; whereas,
level 0 indicates that no interrupt is requested. The least significant bit is IPLO, and the most
significant bit is TPL2. These lines must remain stable until the M68000 core signals an in-
terrupt acknowledge through FC2—-FCO and A19—-A16 to ensure that the interrupt is properly
recognized.

As IRQ1T, IRQ6, and IRQ7 (dedicated mode), these inputs indicate to the IMP that an exter-
nal device is requesting an interrupt. Level 7 is the highest level and cannot be masked. Lev-
el 1 is the lowest level. Each one of these inputs {(except for level 7) can be programmed to
be either level-sensitive or edge-sensitive. The M68000 always treats a level 7 interrupt as
edge sensitive.

FC2-FCO0—Function Codes 2-0

These bidirectional signals indicate the state and the cycle type currently being executed.
The information indicated by the function code outputs is valid whenever AS is active.

These lines are outputs when the IMP (M68000 core, SDMA, or IDMA) is the bus master
and are inputs otherwise. The function codes output by the M68000 core are predefined;
whereas, those output by the SDMA and IDMA are programmable. The function code lines
are inputs to the chip-select logic and IMP internal register decoding in the BAR.

AVEC/IOUT0—Autovector Input/interrupt Output 0

In normal operation, this signal functions as the input AVEC. AVEC, when asserted during
an interrupt acknowledge cycle, indicates that the M68000 core should use automatic vec-
toring for an interrupt. This pin operates like VPA on the MC68000, but is used for automatic
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vectoring only. AVEC instead of DTACK should be asserted during autovectoring and
should be high otherwise.

When the M68000 core is disabled, this pin operates as IOUTO. IOUT2-I0OUTO provide the
interrupt request output signals from the IMP interrupt controller to an external CPU when
the M68000 core is disabled.

2.1.7 IMP Bus Interface Signal Summary

Table 2-3 and Table 2-4 summarize all bus signals discussed in the previous paragraphs.
They show the direction of each pin for the following bus masters: M68000 core, IDMA,
SDMA (includes DRAM refresh), and external. Each bus master can access either internal
dual-port RAM and registers or an external device or memory. When an external bus master
accesses the internal dual-port RAM or registers, the access may be synchronous or asyn-
chronous.

When the M68000 core is disabled, BR and BG change their direction and BCLR becomes
bidirectional.

Table 2-3. Bus Signal Summary—Core and External Master

M68000 Core Master External Master
Access To Access To
Internal External Internal External
Signal Name Pin Type Memory Memory Memory Memory

Space Space Space Space
%?%'F%fg/%’v, — Vo o ) | |
BCLR I/0 Open Drain o o] o o
IAC o (o] (e] o o
D15-D0 Read 1o (o} | o |
D15-D0 Write lle} o o | |
DTACK 1’0 o > (0] *
BR I/0 Open Drain | | I |
BG o] o] o o o
BGACK /0 | I | |
HALT I/0 Open Drain 1o l[e} | |
RESET 1/0 Open Drain I[e} lfe} I |
BERR 1/O Open Drain 1/Q*** o™ o ** /O***
TPC2=IPLO | | ‘ | I |
AVEC i 1 | | |
TOUTZ-100To (o} (o} o o] (o}

**I_f DTACK is generated automatically (internally) by the chip-select logic, then it is an output, Otherwise, it is
an input.

***BERR is an open-drain output, and may be asserted by the IMP when the hardware watchdog is used or
when the chip-select logic detects address conflict or write protect violation. BERR may be asserted by external
logic in all cases.
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Table 2-4. Bus Signal Summary—IDMA and SDMA

IDMA Master SDMA Master | PCMCIA or DSP to
IMP Master
Access To Access To
Access To
Internal | External | Internal | External | Internal | External
Signal Name Pin Type Memory | Memory | Memory | Memory | Memory | Memory
Space Space Space Space Space Space
A23-A1, FC-FCO, .
AS,UDS, DS, RW, RVT Vo © © NA © ° o
BCLR 1/O Open Drain | # | # N/A 0 | # 1 #
IAC (0] (0] o N/A- o (0] (e]
D15—D0 Read 1/O o | N/A ] o I
D15—D0 Write 110 o o N/A o} o o}
DTACK /0 o o N/A b (e} o
BR 10 O ## o#t | NA o## | O# O ##
BG 110 | ## | #H# N/A | ## | ## | ##
BGACK /0 o (0] N/A o (e] [e]
HALT I/O Open Drain | I N/A T | |
RESET 1/O Open Drain | | N/A [ 1 |
BERR 1/O Open Drain 1/O*** 1/O*** N/A 1/O*** I/O*** l/o***

**If DTACK is generated automatically (internally) by the chip-select logic, then it is an output. Otherwise, it is an input.
***BERR is an open-drain output, and may be asserted by the IMP when the hardware watchdog is used or when the
chip-select logic detects address conflict or write protect violation. BERR may be asserted by external logic in all

cases.
# Applies to disable CPU mode only. The internal signal IBCLR is used otherwise.
## Applies to disable CPU mode only, otherwise N/A.

2.1.8 Physical Layer Serial Interface Pins

The physical layer serial interface has 24 pins, and all but one of them have multiple func-
tionality. The pins can be used in a variety of configurations in ISDN or non-ISDN environ-
ments. Table 2-5 shows the functionality of each group of pins and their internal connection
to the three SCC and one SCP controller: The physical layer serial interface can be config-
ured for non-multiplexed operation (NMSI) or multiplexed operation that includes IDL, GCI,
and PCM highway modes. IDL and GCI are ISDN interfaces. When working in one of the
multiplexed modes, the NMSI1/ISDN physical interface can be connected to all three SCC
controllers.

Table 2-5. Serial Interface Pin Functions

First Function Connected To Second Function Connected To
NMSI1 (8) SCC1 Controller ISDN Interface SCC1/8CC2/SCC3
NMSi2 (8) SCC2 Controller PIO—Port A Parallel /O
NMSI3 (5) SCC3 Controller PIO—Port A Parallel /O
NMSI3 (3) SCCa3 Controller SCP SCP Controller

NOTE: Each one of the parallel I/O pins can be configured individually.
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2.1.9 Typical Serial Interface Pin Configurations

Table 2-6 shows typical configurations of the physical layer interface pins for an ISDN envi-
ronment. Table 2-7 shows potential configurations of the physical layer interface pins for a
non-ISDN environment. The IDMA, IACK, and timer pins can be used in all applications ei-
ther as dedicated functions or as PIO pins.

Table 2-6. Typical ISDN Configurations

Pins Connected To Used As
SCC1 Used as ISDN D-ch

NMSI1 or ISDN VF SCC1 and SCC3 SCC3 Used as ISDN B2-ch
NMSI2 Scc2 SCC2 is Connected to Terminal

PA12-PA8 PIO (Extra Modem Signals and
NMSI3 SCP Select Signals)

SCP Status/Control Exchange
NOTES:

1. ISDN environment with SCP port for status/control exchange and with
existing terminal (for rate adaption).

2. D-ch is used for signaling.

3. B1-ch is used for voice (external CODEC required).

4. B2-ch is used for data transfer.

Table 2-7. Typical Generic Configurations

Pins Connected To Used As
NMSI1 or ISDN I/F SCC1 Terminal with Modem
NMSI2 SCC2 Terminal with Modem
NMSI3 (5) SCC3 Terminal without Modem
NMSI3 (3) ScP Status/Control Exchange

NOTE: Generic environment with three SCC ports (any protocol) and the SCP port.
SCC3 does not use modem control signals.

2.1.10 NMSI1 or ISDN Interface Pins
The NMSI1 or ISDN interface pins are shown in Figure 2-9.

—— RXD1/L1RXD

———TXD1/L1TXD
——— RCLK1/L1CLK

McCesase [ TCLK1/L1SY0
—— CDT/L1SY1/PC_A11*

—— CTST/L1GR/PC_A10*

——— RTST/LIRQ/GCIDCL/PC_WATT*
——— BRG1/PC_STSCHG*

NOTE: * If IPINS = 0
Figure 2-9. NMSI1 or ISDN Interface Pins
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These eight pins can be used either as NMSI1 in nonmultiplexed serial interface (NMSI)
mode or as an ISDN physical layer interface in IDL, GCI, and PCM highway modes. The in-
put buffers have Schmitt triggers.

Table 2-8 shows the functionality of each pin in NMSI, GCI, IDL, and PCM highway modes.
Table 2-8. Mode Pin Functions

Signal Name NMSI GCl IDL PCM
RXD1/L1RXD | RXD1 | L1RXD | L1RXD | L1RXD
TXD1/L1TXD o} TXD1 o L1TXD o L1TXD (¢} L1TXD
RCLK1/L1CLK o RCLK1 | L1CLK | L1CLK | L1CLK
TCLK1/L1SY0 lle} TCLK1 o] SDST o SDs1 [ L1SYo
CDT/L1SY1 | CD1 | L1SYNC | L1SYNC | L1SY1
CTS/L1GR | CTST | L1GR | L1GR
RTST/L1RQ 0] RTST o GCIDCL (o} L1RQ o] RTS
BRG1 (o} BRG1 (0] BRG1 (0] BRG1 (o] BRG1
NOTES:

1. In IDL and GC! mode, SDS2 is output on the PA7 pin.
2. CD1 may be used as an external sync in NMS| mode.
3. RTS is the RTS1, RTS2, or RTS3 pin according to which SCCs are connected to the PCM highway.

RXD1/L1RXD—Receive Data/Layer-1 Receive Data

This input is used as the NMSI1 receive data in NMSI mode and as the receive data input
in IDL, GCI, and PCM modes.

TXD1/L1TXD—Transmit Data/Layer-1 Transmit Data

This output is used as NMSI1 transmit data in NMSI mode and as the transmit data output
in IDL, GCI, and PCM modes. TXD1 may be configured as an open-drain output in NMSI
mode. L1TXD in IDL and PCM mode is a three-state output. In GCI mode, it is an open-drain
output.

RCLK1/L1CLK—Receive Clock/Layer-1 Clock

This pin is used as an NMSI1 bidirectional receive clock in NMSI mode or as an input clock
in IDL, GCI, and PCM modes. In NMSI mode, this signal is an input when SCC1 is working
with an external clock and is an output when SCC1 is working with its baud rate generator.
The RCLK1 output can be three-stated by setting bit 14 in the DISC register (see 7.5.3 DSP
Interconnection and Serial Connections Register-DISC).

TCLK1/L1SY0/SDS1—Transmit Clock/PCM Sync/Serial Data Strobe 1

This pin is used as an NMSI1 bidirectional transmit clock in NMSI mode, as a sync signal in
PCM mode, or as the SDS1 output in IDL/GCI modes. In NMSI mode, this signal is-an input
when SCC1 is working with an external clock and is.an output when SCC1 is working with
its baud rate generator. The TCLK1 output can be three--stated by setting bit 15 in the DISC
register (see 7.5.3 DSP Interconnection and Serial Connections Register—DISC).
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NOTE

When using SCC1 in the NMSI mode with the internal baud rate
generator operating, the TCLK1 and RCLK1 pins will always out-
put the baud rate generator clock unless disabled in the CKCR
register. Thus, if a dynamic selection between an internal and
external clock source is required in an application, the clock pins
should be disabled first in the CKCR register before switching
the TCLK1 and RCLK1 lines. On SCC2 and SCC3, contention
may be avoided by disabling the clock line outputs in the PACNT
register.

In PCM mode, L1SY1-L1SYO0 are encoded signals used to create channels that can be in-
dependently routed to the SCCs.

Table 2-9. PCM Mode Signals

L1SY1 L1SYO0 Data (L1RXD, L1TXD) is Routed to SCC
0 0 L1TXD is Three-Stated, L1RXD is Ignored
0 1 CH-1
1 0 CH-2
1 1 CH-3

NOTE: CH-1, 2, and 3 are connected to the SCCs as determined in the
SIMODE register.

In IDL/GCI modes, the SDS2-SDS1 outputs may be used to route the B1 and/or B2 chan-

nels to devices that do not support the IDL or GCI buses. This is configured in the serial in-
terface mode (SIMODE) and serial interface mask (SIMASK) registers.

CD1/L1SY1—Carrier Detect/Layer-1 Sync

This input is used as the NMSI1 carrier detect (CD) pin in NMSI mode, as a PCM sync signal
in PCM mode, and as an L1SYNC signal in IDL/GCI modes.

If the CDT pin has changed for more than one receive clock cycle, the IMP asserts the ap-
propriate bit in the SCC1 event register. If the SCC1 channel is programmed not to support
CD1 automatically (in the SCC1 mode register), then this pin may be used as an external
interrupt source. The current value of CD1 may be read in the SCCS1 register. CD1 may
also be used as an external sync in NMSI mode. CDT will be grounded internally when this
pin is used for an alternate function.

CTS1/L1GR—Clear to Send/Layer-1 Grant

This input is the NMSI1 CTS signal in the NMSI mode or the grant signal in the IDL/GCI
mode. If this pin is not used as a grant signal in GCI mode, it should be connected to V.

If the CTST pin has changed for more than one transmit clock cycle, the IMP asserts the
appropriate bit in the SCC1 event register and optionally aborts the transmission of that
frame.
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If SCC1 is programmed not to support CTS1 (in the SCC1 mode register), then this pin may
be used as an external interrupt source. The current value of the CTS1 pin may be read in
the SCCS1 register.

RTS1/L1RQ/GCIDCL—Request to Send/Layer-1 Request/GCI Clock Out

This output is the NMSI1 RTS signal in NMSI mode, the IDL request signal in IDL mode, or
the GCI data clock output in GCI mode.

RTST is asserted when SCC1 (in NMSI mode) has data or pad (flags or syncs) to transmit.
In GCI mode this pin is used to output the GCI data clock.

BRG1—Baud Rate Generator 1

This output is always the baud rate generator clock of SCC1. (This pin used to be NC2.) The
BRG clock output on the BRG pins is 180 degrees out of phase with the internal BRG clock
output on the RCLK and TCLK pins. This statement applies to all BRG pins: BRG1, BRG2,
and BRG3. The BRG1 output can be disabled by setting bit 11 in the CKCR register (see
7.5.1 SCC Features). When BRG1 is disabled the pin is driven high.

2.1.11 NMSI2 Port or Port A Pins

The NMSI2 port or port A pins are shown in Figure 2-10. The PCMCIA function of these pins
is shown in italics. Refer to 2.2 PCMCIA Pins for PCMCIA pin description.

These eight pins can be used either as the NMSI2 port or as a general-purpose parallel. I/O
port. Each one of these pins can be configured individually to be general-purpose 1/O pins
or a dedicated function in NMSI2. When they are used as NMSI2 pins, they function exactly
as the NMSI1 pins in NMSI mode.

—— RXD2/PA0/PC_D8
L TXD2/PA1/PC_D9
—— RCLK2/PA2/PC_D10
- TCLK2/PA3/PC_D11
——— CTS2/PA4/PC_D12
——— RTS2/PAS/PC_D13

—— CD2/PA5/PC_D14
— BRG2/SDG2/PA7/PC_D15

MC68356

Figure 2-10. NMSI2 Port or Port A Pins

The PA7 signal in dedicated mode becomes serial data strobe 2 (SDS2) in IDL and GCI
modes. In IDL/GCI modes, the SDS2-SDS1 outputs may be used to route the B1 and/or B2
channels to devices that do not support the IDL or GCI buses. This is configured in the SI-
MODE and SIMASK registers. If SCC2 is in NMSI mode, this pin operates as BRG2, the out-
put of the SCC2 baud rate generator, unless SDS2 is enabled to be asserted during the B1
or B2 channels of ISDN (bits SDC2-SDC1 of SIMODE). SDS2/BRG2 may be temporarily
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disabled by configuring it as a general-purpose output pin. The input buffers have Schmitt
triggers. TCLK2 acts as the SCC2 baud rate generator output if SCC2 is in one of the mul-
tiplexed modes.

+ RXD2/PAO
TXD2/PA1
RCLK2/PA2
TCLK2/PA3
CTS2/PA4
+ RTS2/PA5
» CD2/PA6
» SDS2/PA7/BRG2
Table 2-10. Baud Rate Generator Outputs

L3

Source NMsI GCl IDL PCM
SCC1 BRG1 BRG1 BRG1 BRG1
SCC2 BRG2 TCLK2 TCLK2 TCLK2
SCC3 BRG3 TCLK3 TCLK3 TCLK3

NOTE: In NMSI mode, the baud rate generator outputs can also
appear on the RCLK and TCLK pins as programmed in the
SCON register.

2.1.12 NMSI3 Port or Port A Pins or SCP Pins
The NMSI3 port or port A pins or SCP pins are shown in Figure 2-11.

— RXDB/PA8
-—— TXD3/PA9
———— RCLK3/PA10

——— TCLK3/PA11
MC68356
—— CTS3/SPRXD

——— RTS3/SPTXD

—— CD3/SPCLK
——— BRG3/PA12

Figure 2-11. NMSI3 Port or Port A Pins or SCP Pins

These eight pins can be used either as the NMSI3 port or as the NMSI3 port (less three mo-
dem lines) and-the SCP port. If the SCP is enabled (EN bit in SPMODE register is set), then
the three lines are-connected to the SCP port. Otherwise, they are connected to the SCC3
port.

Each of the port A 1/O pins can be configured individually to be generai-purpose 1/O pins or
a dedicated function in NMSI3. When they are used as the NMSI3 pins, they function exactly
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as the NMSI1 pins (see the previous description). The input buffers have Schmitt triggers.
TCLKS acts as the SCC3 baud rate generator output if SCC3 is in one. of the multiplexed q
modes.

* RXD3/PA8
* TXD3/PA9
* RCLK3/PA10
* TCLK3/PA11

SPRXD/CTS3—SCP Receive Serial Data/NMSI3 Clear-to-Send Pin

This signal functions as the SCP receive data input or may be used as the NMSI3 CTS input
pin.

SPTXD/RTS3—SCP Transmit Serial Data/NMSI3 Request-to-Send Pin
This output is the SCP transmit data output or may be used as the NMSI3 RTS pin.

SPCLK/CD3—SCP Clock/NMSI3 CD Pin
This bidirectional signal is used as the SCP clock output or the NMSI3 CD3 input pin.

PA12/BRG3—Port A Bit 12/SCC3 Baud Rate Generator

This pin functions as bit 12 of port A or may be used as the SCC3 baud rate generator output
clock when SCC3 is operating in NMS| mode.

2.1.13 IDMA or Port A Pins
The IDMA or port A pins are shown in Figure 2-12.

—— DREQ/PA13
MC68356{ ____ DACK/PA14
L DONE/PA15

Figure 2-12. IDMA or Port A Pins

Each of these three pins can be used either as dedicated pins for the IDMA signals or as
general-purpose parallel /O port A pins. Note that even if one or more of the IDMA pins are
used as general-purpose I/O pins, the IDMA can still be used. For example, if DONE is not
needed by the IDMA, it can be configured as a general-purpose I/O pin. If the IDMA is used
for memory-to-memory transfers only, then all three pins can be used as general-purpose
I/O pins. The input buffer of DACK has a Schmitt trigger.

MOTOROLA MC68356 USER’S MANUAL 2-21



Sighal Description

DREQ/PA13—DMA Request

This input is asserted by a peripheral device to request an operand transfer between that
peripheral device and memory. In the cycle steal request generation mode, this input is
edge-sensitive. In burst mode, it is level-sensitive.

DACK/PA14—DMA Acknowledge

This output, asserted by the IDMA, signals to the peripheral that an operand is being trans-
ferred in response to a previous transfer request.

DONE/PA15—DONE

This bidirectional, open-drain signal is asserted by the IDMA or by a peripheral device during
any IDMA bus cycle to indicate that the data being transferred is the last item in a block. The
IDMA asserts this signal as an output during a bus cycle when the byte count register is dec-
remented to zero. Otherwise, this pin is an input to the IDMA to terminate IDMA operation.

2.1.14 IACK or PIO Port B Pins
The IACK or PIO port B pins are shown in Figure 2-13.

| TACK7/PBO
McCe8356 —— TACK6/PB1
{——— TACK1/PB2/PC_ABUF*

NOTE: * If ABUF =1
Figure 2-13. IACK or PIO Port B Pins

Each one of these three pins can be used either as an interrupt acknowledge signal or as a
general-purpose parallel /O port.

NOTE

The IMP interrupt controller does not require the use of the IACK
pins when it supplies the interrupt vector for the external source.
The input buffers have Schmitt triggers.

IACK7/PB0, IACK6/PB1, IACK1/PB2—Interrupt Acknowledge/Port B /0

As IACK1, IACK®6, and IACK7, these active low output signals indicate to the external device
that the IMP is executing an interrupt acknowledge cycle. The external device must then
place its vector number on the lower byte of the data bus or use AVEC for autovectoring
(unless internal vector generation is used).

2.1.15 Timer Pins
The timer pins are shown in Figure 2-14.
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——— TIN1/PB3
—— TOUTi/PB4/PC_A11*
MC68356 —— TIN2/PB5/PC_WAIT*

—— TOUT2/PB6/PC_A10*
——— WDOG/PB7

NOTE: *If IPINS =1

Figure 2-14. Timer Pins

Each of these five pins can be used either as a dedicated timer function or as a general-
purpose port B I/0 port pin. Note that the timers do not require the use of external pins. The
input buffers have Schmitt triggers.

TIN1/PB3—Timer 1 Input

This input is used as a timer clock source for timer 1 or as a trigger for the timer 1 capture
register. TIN1 may also be used as the external clock source for any or all three SCC baud
rate generators.

TOUT1/PB4—Timer 1 Output

This output is used as an active-low pulse timeout or an event overflow output (toggle) from
timer 1.

TIN2/PB5—Timer 2 Input

This input can be used as a timer clock source for timer 2 or as a trigger for the timer 2 cap-
ture register.

TOUT2/PB6—Timer 2 Output

This output is used as an active-low pulse timeout or as an event overflow output (toggle)
from timer 2.

WDOG/PB7—Watchdog Output

This active-low, open-drain output indicates expiration of the watchdog timer. WDOG may
be externally connected to the RESET and HALT pins to reset the IMP. When WDOG is as-
serted, it will remain asserted for 16 IMP system clock cycles (if the IMP PLL is not enabled
by the MODCLK pins), or 16 clock cycles after the PLL locks (if the PLL is enabled by the
MODCLK pins). WDOG is never asserted by the on-chip hardware watchdog (see the BERR
signal description). The WDOG pin function is enabled after a total system reset. It may be
reassigned as the PB7 I/O pin in the PBCNT register.

2.1.16 Parallel /O Pins with Interrupt Capability
The four parallel I/O pins with interrupt are shown in Figure 2-15.
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L PB8
L PB9(RI)
L PB10
L PBN

MC68356

Figure 2-15. Port B Parallel I/O Pins with Interrupt

PB11 and PB8—Port B Parallel /O Pins

These four pins may be configured as a general-purpose parallel /O ports with interrupt
capability. Each of the pins can be configured either as an input or an output. When
configured as an input, each pin can generate a separate, maskable interrupt on a high-to-
low transition. PB8 may also be used to request a refresh cycle from the DRAM refresh
controller rather than as an I/O pin. The input buffers have Schmitt triggers.

PBO(RI)

This pin may be configured as a general-purpose parallel I/O port with interrupt capability
and wake-up capability. This pin can be configured either as an input or an output. When
configured as an input, this pin can generate a separate, maskable interrupt on a high-to-
low transition.

This pin can also wake-up the IMP from low power STOP, DOZE, or STAND-BY mode when
a high to low transition occurs on this pin when configured as an input. See 3.5.2.3 IMP
Wake-Up from Low Power STOP Modes for more information.

In addition, when the MC68356 is configured for the PCMCIA interface, this pin can connect-
ed internally to the PCMCIA 1/O Event Indication Register or directly to the PC_STSCHG
pin. For more details on this feature refer to 8.2.1 PCMCIA Ring Indication.

This pin’s input buffer has a Schmitt trigger.

PB10

This pin may be configured as a general-purpose parallel I/O port with interrupt capability
and wake-up capability.This pin can be configured either as an input or an output. When
configured as an input, this pin can generate a separate, maskable interrupt on a high-to-
low transition.

This pin can also wake-up the IMP from low power STOP, DOZE, or STAND-BY mode when
a high to low transition occurs on this pin when configured as -an input. See 3.5.2.3 IMP
Wake-Up from Low Power STOP Modes for more information.

This pin’s input buffer has a Schmitt trigger.
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2.1.17 Chip-Select Pins
The chip-select pins are shown in Figure 2-16.

MC68356 0 2
L ts3TST

Figure 2-16. Chip-Select Pins

CS0/10UT2—Chip-Select 0/Interrupt Output 2

In normal operation, this pin functions as CS0. CSO0 is one of the four active-low output pins
that function as chip selects for external devices or memory. It does not activate on access-
es to the internal RAM or registers (including the BAR, SCR, or CKCR registers).

When the M68000 core is disabled, this pin operates as IOUT2. IOUT2—IOUTO provide the
interrupt request output signals from the IMP interrupt controller to an external CPU when
the M68000 core is disabled.

CS3-CS1—Chip Selects 3—1

These three active-low output pins function as chip selects for external devices or memory.
CS3—CS0 do not activate on accesses to the internal RAM or registers (including the BAR
SCR, or CKCR registers).

2.1.18 No-Connect Pins
NC1-NC5 and DNC1-2 are reserved for future use and should not be connected.

2.2 PCMCIA PINS

The following pins are valid when the PC_EN pin is connected to V. These pins are
muxed and therefore replace other pins described in the previous paragraphs. The replaced
signal is indicated in each description.

When using the PCMCIA pins, the BCLR and RMC pins will not be available externally to
the chip. When ISDN functionality is not needed, the CD1, CTS1 and RTS1 will be used for
the PCMCIA interface signals and will not be available externally. When ISDN functionality
is needed, the TOUT1, TIN2 and TOUTZ will not be available externally and will be used for
the PCMCIA control pins. ISDN pin functionality with PCMCIA pins can be selected by set-
ting the IPINS bit in the PCMR (See Section 8 PCMCIA Controller).

NOTE

The PCMCIA pins are denoted in the pinout diagrams as
PC_SIGNALNAME.
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—— PC_D7-PCD0/PCIO7-PCIOO"
L PC_D15-PCD8

L PC_A1-PCA0

L PC_A9-PCA2/PDI15-PDI8?
L PC_A11-PC_A10

- PC_IORD/PDI0?

| PC_IOWR/PDI12

——— PC_WE/PDI22
- PC_REG/PDI3?
| PC_OE/PDI4?
| PC_TEi/PDI5?
—— PC_CE2/PDl6?
I PC_A25/PDI7?
——— PC_RDY/IREQ
I PC_STSCHG

‘MC68356

NOTES:
1.Extra paraliel /0 when not in PCMCIA mode.
2.Extra parallel inputs when not in PCMCIA mode.

Figure 2-17. PCMCIA Signals

PC_D15-PC_D0—PCMCIA Data Bus

The bidirectional PCMCIA card interface data bus. When the MC68356 is not enabled for
PCMCIA, these pins can be used for Port C general purpose input/output pins.

Non-PCMCIA functionality: PCIO0-7 for PC_DO0-7 and NMSI2 for PC_D8-15. .

PC_A0-PC_A10—PCMCIA Address Bus

Address bus input lines from the PCMCIA card interface. These lines are used as the lower
address lines when the cycle is transferred into the 68000 bus. The high address lines and
FC are taken from the base registers (See Section 8 PCMCIA Controller).

When the MC68356 is not enabled for PCMCIA, the PC_A2-9 pins can be used for port D
general purpose input only pins.

Non-PCMCIA functionality: RMC/IOUT for PC_AO0, BCLR for PC_A1, PDI15-8 for PC_A2-9,
CTS/L1GR for PC_A10, CDT/L1SY1 for PC_A11. With IPINS set: TOUT2/PB6 for PC_A10
and TOUT1/PB4 for PC_A11.

The next several pins described can be used for port D general purpose input only

pins when the PCMCIA interface is not enabled (See non-PCMCIA functionality in
each description).
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PC_A25—PCMCIA Address Bus

This PCMCIA card interface input address line is used to identify 68000 bus PCMCIA cycles.
A25 is low during 68000 bus PCMCIA cycles.

Non-PCMCIA functionality: PDI7.

PC_CE{ & PC_CE2—PCMCIA Card Enable

Active low, card enable PCMCIA card interface input signals.
Non-PCMCIA functionality: PDI5 for PC_CE1, PDI6 for PC_CE2.

PC_OE—PCMCIA Output Enable

The PC_OE line is the active low, input signal used to gate memory read data from the mem-
ory card.

Non-PCMCIA functionality: PDI4

PC_WE—PCMCIA Write Enable/Program

The WE/PGM input used for strobing memory write data into the memory card.
Non-PCMCIA functionality: PDI2

PC_REG—PCMCIA Attribute Memory Select

This input is kept inactive (high) for all common memory accesses. When this signal is ac-
tive, access is limited to attribute memory (OE or WE active) and to the I/O space (IORD or
IOWR active).

Non-PCMCIA functionality: PDI3

PC_IORD—PCMCIA /O Read

The IORD signal is made active to read data from the card’s I/O space. The REG signal and
at least one of CET or CE2 must also be active. A PC card will not respond to the TORD sig-
nal until it has been configured for I/O operation by the system.

Non-PCMCIA functionality: PDIO

PC_IOWR—PCMCIA I/O Write

The TOWR signal is made active to write data to the card’s I/O space. The REG signal and
at least one of CE1 or CE2 must also be active. A PC card will not respond to the IORD sig-
nal until it has been configured for I/O operation by the system.

Non-PCMCIA functionality: PDI1
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PC_WAIT—PCMCIA Extend Bus Cycle

The WAIT signal is asserted by the MC68356 to delay the memory space accesses or I/O
space accesses.

Non-PCMCIA functionality: RTS/L1RQ/GCIDCL or TIN2/PBS in ISDN mode (IPINS bit set
in PCMR register).

PC_STSCHG—PCMCIA Status Changed [replace BVD1]

Status changed is an optional signal used to alert the system to changes in the ready/busy
(RDY/BSY), write protect (WP), or battery voltage (BV) conditions of the card while the 1/0
interface is configured.

This signal is inactive (high) when this function is not supported by the card or when the
SigChg bit in the card status register is false (logic 0). When the SigChg bit is true (logic 1)
this signal is active when the changed bit in the card status register is true (logic 1). The
changed bit is logical OR of the individual changed bits - CBVD1, CBVD2, CWP, and CRDB-
SY - in the pin replacement register.

Non-PCMCIA functionality: BRG1.

PC_RDY/IREQ—PCMCIA Ready/Busy/Interrupt Request

The Ready/Busy (RDY/BSY) function is provided by this signal only when the card and the
host are configured for the memory-only interface. When a host socket and the card inserted
into it are both configured for the I/O interface, this function is provided by the RDY/BSY sta-
tus bit in the card’s pin replacement register.

This signal is available as Interrupt Request (IREQ) only when the card and the interface
are configured for the I/O and memory interface. The interrupt request is level only. This pin
serves as RDY/BSY in memory-only cards, and as TREQ for I/O cards. This pin is used as
RDY/BSY while an 1/O capable card is configured for the memory-only interface.

Non-PCMCIA functionality: None (No connect)
2.3 DSP PINS

This section introduces pins associated with the DSP. It divides the pins into their functional
groups and explains the role each pin plays in the operation of the chip. It acts as a reference
for following chapters which explain the chip’s peripherals in detail.

Table 2-11. DSP System Bus Pins

Group Signal Name Mnemonic /o Section
Crystal Oscillator DEXTAL, DXTAL 10
Clock External Filter Capacitor PCAP | 2.3.6 IMP and DSP
Clock Mode Select CSelect | |ClockandPLL Pins
Clock Out CKOUT (@]
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Table 2-11. DSP System Bus Pins

Group Signal Name Mnemonic 110 . Section
Port A 2.3.1 Port A Ad-
Address Address Bus DA15-DA0 I{e] dress and Data Bus
2.3.1 Port A Ad-
Port AData | Data Bus DD23-DDo l[e} dress and Data Bus
Program Memory Select PS o]
Data Memory Select DS 0
XN Select XN o
Port A Bus an 2.3.1 Port A Ad-
Control Read Enable RD 0 dress and Data Bus
Write Enable WR 0
DSP Bus Strobe/DSP Bus Grant BS/DBG (0]
Bus Wait/DSP Bus Request WT/DBR )
Mode Select A/External Interrupt Request A/STOP
Recovery ptiReq MODA/RQA I
!;:Zr'r\;l" g:je .Mode Select B/External Interrupt Request B MODB/IRQB | 2.3M3 Idnteéruptt alnd
Control Mode Select C/Non-Maskable Interrupt Request MODC/NMI I ode Lontro
Reset DRESET 110
Serial Clock Zero SCo 110
Serial Clock One SC1 l{e}
Serial Clock Two SC2 /O | 2.3.4 Synchronous
SSsi - Serial Interface
SS| Serial Clock SCK 1o (SSl)
SSI Receive Data SRD |
SSI Transmit Data STD o
Debug Serial Input/Chip Status 0/Test Data In DSI/0S0/TDI 110
Debug Serial Clock/Chip Status 1/Test Clock DSCK/OS1/TCK 110
On-Chip Debug Serial Output/Test Data Out DSO/TDO (o] 2.3.5 On-ChiE Em-
Emulation ulation (OnCE) and
and JTAG Debug Request Input/Test Mode Select DRANS | JTAG Pins
ONCE Reset TRS /l
JTAG /ONCE Mode Select JTAG_ONCE |
Spare Not Connected DNC1-2 2.1.18 I\il)ci)';sConnect
DSP Clock Synthesizer Power PVCC |
.3. SP
Power DSP Clock Synthesizer Ground PGND | %gfklyn% TDnLdL%ins
System Power Supply and Return VCC, GND | 2&5&‘:&%;’;‘1

2.3.1 Port A Address and Data Bus

The port A address and data bus signals control the access to external memory. They are
three-stated during reset unless noted otherwise, and may require pull-up resistors to mini-
mize power consumption and to prevent erroneous operation.

MOTOROLA

NOTE

All unused inputs should have pull-up resistors for two reasons:
1) floating inputs draw excessive power, and 2) a floating input
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can cause erroneous operation. For example, during reset, all
signals are three-stated. Without pull-up resistors, the BR and
WT signals may become active, causing two or more memory
chips to try to simultaneously drive the external bus, which can
damage the memory chips. A pull-up resistor in the 50K-ohm
range should be sufficient.

<= DA15- DAO

MC68356

== DD23-DDO

Figure 2-18. Port A Address and Data Bus Signals

DA15-DA0—Address

These three-state output pins specify the address for external program and data memory
accesses. To minimize power dissipation, DA15-DAOQ do not change state when external
memory spaces are not being accessed.

DD23-DD0—Data Bus

These pins provide the bidirectional data bus for external program and data memory access-
es. DD23-DDO0 are in the high-impedance state when the bus grant signal is asserted.

2.3.2 Port A Bus Control

The port A bus control signals are discussed in the following paragraphs. The bus control
signals provide a means to connect additional bus masters (which may be additional DSPs,
microprocessors, direct memory access (DMA) controllers, etc.) through port A to the DSP.
They are three-stated during reset and may require pull-up resistors to prevent erroneous
operation.

I
——DS
— XY
MC68356_ D
—— WR
—— DBG/BS
I DBRWT

Figure 2-19. Port A Bus Control Signals
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PS—Program Memory Select

This three-state output is asserted only when external program memory is referenced (see
Table 2-12).

Table 2-12. Program and Data Memory Select Encoding

PS | DS | XY External Memory Reference

1 1 1 No Activity

1 0 1 X Data Memory on Data Bus

1 0 0 Y Data Memory on Data Bus

0 1 1 tl?ég?ram Memory on Data Bus (Not Excep-

0 External Exception Fetch: Vector or Vector +1
(Development Mode Only)

0 0 X Reserved

1 1 [o] Reserved

DS—Data Memory Select

This three-state output is asserted only when external data memory is referenced (see Table
2-12).

X/Y—XIY Select

This three-state output selects which external data memory space (X or Y) is referenced by
DS (see Table 2-12).

RD—Read Enable
This three-state output is asserted to read external memory on the data bus (DD23-DDO0).

WR—Write Enable
This three-state output is asserted to write external memory on the data bus (DD23-DDO0).

The following two signal pairs share common pins, therefore the user must make a choice
between having functionality of the Bus Request/Bus Grant pins (allows external bus mas-
ters) or the Wait/Bus Strobe pins (allows external peripherals to generate wait states).

DBG/BS—DSP Bus Grant/Bus Strobe

If the BR/BG Enable (BR/BGen) bit is clear, this output is DSP bus strobe (BS):

The BS output is asserted when the DSP accesses port A. It acts as an early indication of
the state of the external bus access by the DSP. It may also be used with the bus wait input,
WT, to generate wait states, a feature which provides capabilities such as connecting asyn-
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chronous devices to the DSP, allowing devices with differing timing requirements to reside
in the same memory space, allowing a bus arbiter to provide a fast multiprocessor bus ac-
cess, and providing an alternative to the WAIT and STOP instructions to halt the DSP at a
known program location and have a fast restart. This output is deasserted during hardware
reset.

If the BR/BG Enable (BR/BGen) bit is set, this output is the DSP Bus Grant (BG) signal:

When the Bus Grant (BG) output is asserted, it signals to the external device that it has been
granted the external bus (i.e. port A has been three-stated). This output is deasserted during
hardware reset.

DBR/WT—DSP Bus Request/Bus Wait
If the BR/BG Enable (BR/BGen) bit is clear, this input becomes the Wait (WT) signal.
For as long as it is asserted by an external device, this input allows that device to force the

DSP to generate wait states. If WT is asserted when BS is asserted, wait states will be in-
serted into the current cycle (see Section 14 Electrical Characteristics) for timing details.

If the BR/BG Enable (BR/BGen) bit is set, this input becomes the DSP Bus Request (DBR)
signal.

When the DSP Bus Request input (DBR) is asserted, the DSP will always relinquish the bus
to an external device such as a processor or DMA controller. The external device will be-
come the new master of the external address and data buses while the DSP continues in-
ternal operations using internal memory spaces. When BR is deasserted, the DSP will again
assume bus mastership.

When BR is asserted, the DSP will always release port A, including A156—-A0, D23-D0, and
the bus control pins (PS, DS, X/Y, RD, WR, and BS) by placing them in the high-impedance
state after the execution of the current instruction has been completed.
NOTE
To prevent erroneous operation, the BR pin should be pulled up
when it is not in use.
2.3.3 Interrupt and Mode Control

The interrupt and mode control pins select the chip’s operating mode as it comes out of
hardware reset, and they receive interrupt requests from external sources.
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- MODATRQGA
—— MODB/IRQB
L MODC/NMI
| DRESET

—_—

MC68356

Figure 2-20. Interrupt and Mode Control

MODA/IRGA—Mode Select A/External Interrupt Request A/STOP Recovery

This input pin has three functions. It works with the MODB and MODC pins to select the
chip’s operating mode, it receives an interrupt request from an external source, and it turns
on the internal clock generator, causing the chip to recover from the stop processing state.
Reset causes this input to act as MODA.

During reset, this pin should be forced to the desired state, because as the chip comes out
of reset, it reads the states of MODA, MODB, and MODC and writes the information to the
operating mode register to set the chip’s operating mode. (Operating modes are discussed
in Section 5 Memory Map.) After the chip has left the reset state, the MODA pin automati-
cally changes to external interrupt request (IRQA).

IRQA receives external interrupt requests. It can be programmed to be level sensitive or
negative-edge-triggered. When the signal is edge-triggered, triggering occurs at a voltage
level and is not directly related to the fall time of the interrupt signal. However, as the fall time
of the interrupt signal increases, the probability that noise on TRQA will generate multiple in-
terrupts also increases.

NOTE

If the SELA bit is set in the DISC register, then this pin’s function-
ality will be replaced by the MODA/IRQA bit in the DISC register
and this pin will not have any effect on DSP operation until the
DISC bits are cleared either by software or RESET or the IMP.

MODB/IRQB—Mode Select B/External Interrupt Request B

This input pin works with the MODA and MODC pins to select the chip’s operating mode,
and it receives an interrupt request from an external source. Reset causes this input to act
as MODB.

During reset, this pin should be forced to the desired state, because as the chip comes out
of reset, it reads the states of the mode pins and writes the information to the operating mode
register, which sets the chip’s operating mode. After the chip has left the reset state, the
MODB pin automatically changes to external interrupt request TRQB.

IRQB receives external interrupt réquests. It can be programmed to be level sensitive or
negative-edge-triggered. When the signal is edge-triggered, triggering occurs at a voltage
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level and is not directly related to the fall time of the interrupt signal. However, as the fall time
of the interrupt signal increases, the probability that noise on IRQB will generate multiple in-
terrupts also increases.

NOTE

If the SELB bit is set in the DISC register, then this pin’s function-
ality will be replaced by the MODA/IRQB bit in the DISC register
and this pin will not have any effect on DSP operation until the
DISC bits are cleared either by software or RESET or the IMP.

MODC/NMI—Mode Select C/Non-Maskable Interrupt Request

This input pin works with the MODA and MODB pins to select the chip’s operating mode,
and it receives an interrupt request from an external source. Reset causes this input to act
as MODC.

During reset, this pin should be forced to the desired state, because as the chip comes out
of reset, it reads the states of the mode pins and writes the information to the operating mode
register, which sets the chip’s operating mode. After the chip has left the reset state, the
MODC pin automatically changes to a nonmaskable interrupt request (NMI) input.

The negative-edge-triggered NMI receives nonmaskable interrupt requests. Triggering oc-
curs at a voltage level and is not directly related to the fall time of the interrupt signal. How-
ever, as the fall time of the interrupt signal increases, the probability that noise on NMI will
generate multiple interrupts also increases.

NOTE

If the SELC bit is set in the DISC register, then this pin’s func-
tionality will be replaced by the MODC/NMI bit in the DISC reg-
ister and this pin will not have any effect on DSP operation until
the DISC bits are cleared either by software or RESET or the
IMP.

DRESET—DSP Reset

This Schmitt trigger input pin is used to reset the DSP. When RESET is asserted, the DSP
is initialized and placed in the reset state. When RESET is deasserted, the chip writes the
mode pin (MODA, MODB, MODC) information to the operating mode register, setting the
chip’s operating mode. The CSEL pin is sampled and the PEN bit of the PLL control register
is written accordingly. When the chip comes out of the reset state, deassertion occurs at a
voltage level and is not directly related to the rise time of the RESET signal. However, the
probability that noise on RESET will generate multiple resets increases with increasing rise
time of the RESET signal.

NOTE

If the SELR bit is set in the DISC register, then this pin’s func-
tionality will be replaced by the RST bit in the DISC register and
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this pin will not have any effect on DSP operation until the DISC
bits are cleared either by software or RESET or the IMP. a

2.3.4 Synchronous Serial Interface (SSI)

The SSiI signals are presented in the following paragraphs. The SSI operating mode affects
the definition and function of SSI control pins SCO, SC1 and SC2. They are introduced brief-
ly here and are described in more detail in Section 12 DSP Serial Ports.

——SC0
——SCT

——SC2
MC68356 SCK

—— SRD
—— STD

Figure 2-21. Synchronous Serial Interface Signals

SC0—Serial Clock Zero

This bidirectional pin’s function is determined by whether the SCLK is in synchronous or
asynchronous mode. In synchronous mode, this pin is used for serial flag 1/O. In asynchro-
nous mode, this pin receives clock I/0. SCO can be programmed as a general-purpose I/O
pin (PC3) when the SSI SCO function is not being used, and it is configured as a GPIO input
pin during hardware reset.

SC1—Serial Control One

The SSI uses this bidirectional pin to control flag or frame synchronization. This pin’s func-
tion is determined by whether the SCLK is in synchronous or asynchronous mode. In asyn-
chronous mode, this pin is frame sync 1/0. For synchronous mode with continuous clock,
this pin is serial flag SC1 and operates like the SC0. SC0 and SC1 are independent serial I/
O flags but may be used together for multiple serial device selection. SC1 can be pro-
grammed as a general-purpose 1/O pin (PC4) when the SSI SC1 function is not being used,
and it is configured as a GPIO input pin during hardware reset.

SC2—Serial Control Two

The SSI uses this bidirectional pin to control frame synchronization only. As with SCO and
SC1, its function is defined by the SSI operating mode. SC2 can be programmed as a gen-
eral-purpose I/O pin (PC5) when the SSI SC2 function is not being used and it is configured
as a GPIO input pin during hardware reset.

SCK—SSI Serial Clock

This bidirectional pin provides the serial bit rate clock for the SSI when only one clock is be-
ing used. SCK can be programmed as a general-purpose I/O pin (PC8) when it is not need-
ed as an SSI pin, and it is configured as a GPIO input pin during hardware reset.
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SRD—SSI Receive Data

This input pin receives serial data into the SSI receive shift register. SRD can be pro-
grammed as a general-purpose I/O pin (PC7) when it is not needed as an SSl pin, and it is
configured as a GPIO input pin during hardware reset.

STD—SSI Transmit Data

This output pin transmits serial data from the SSI transmit shift register. STD can be pro-
grammed as a general-purpose I/O pin (PC8) when it is not needed as an SSi pin, and it is
configured as a GPIO input pin during hardware reset.

2.3.5 On-Chip Emulation (OnCE) and JTAG Pins

Since the OnCE port is multiplexed with the JTAG pins, the following paragraphs will de-
scribe the OnCE port pin functionality first, followed by those same pin’s JTAG functionality.

For more information on the OnCE port operation please refer to the DSP56000 Digital Sig-
nal Processor Family Manual (DSP56KFAMUM/AD).

JTAG_ONCE—JTAG/ONCE Mode Select

When this pin is strapped to V¢, the JTAG/ONCE pin group function as JTAG pins; when
this pin is grounded the ONCE/JTAG pins group functions as ONCE pins.

2.3.5.1 On-Chip Emulation Pins

——— DSI/OS0/TDI
—— DSCK/OS1/TCK
—— DSO/TDO
L DR/TMS
—— TRST

l—— JTAG_ONCE

MC68356

Figure 2-22. On-Chip Emulation and JTAG Signals

DSI/0OS0—Debug Serial Input/Chip Status 0

Serial data or commands are provided to the OnCE controller through the DSI/OSO0 pin when
it is an input. The data received on the DSI pin will be recognized only when the DSP has
entered the debug mode of operation. Data is latched on the falling edge of the DSCK serial
clock. Data is always shifted into the OnCE serial port most significant bit (MSB) first. When
the DSI/OSO0 pin is an output, it works in conjunction with the OS1 pin to provide chip status
information. The DSI/OSO0 pin is an output when the processor is not in debug mode. When
switching from output to input, the pin is three-stated. During hardware reset, this pin is de-
fined as an output and it is driven low.
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NOTE

To avoid possible glitches, an external pull-down resistor should
be attached to this pin.

DSCK/OS1—Debug Serial Clock/Chip Status 1

The DSCK/OS1 pin supplies the serial clock to the OnCE when it is an input. The serial clock
provides pulses required to shift data into and out of the OnCE serial port. (Data is clocked
into the OnCE on the falling edge and is clocked out of the OnCE serial port on the rising
edge.) The debug serial clock frequency must be no greater than 1/8 of the processor clock
frequency. When an output, this pin, in conjunction with the OSO0 pin, provides information
about the chip status. The DSCK/OS1 pin is an output when the chip is not in debug mode.
When switching from output to input, the pin is three-stated. During hardware reset, this pin
is defined as an output and it is driven low.

NOTE

To avoid possible glitches, an external pull-down resistor should
be attached to this pin.

DSO—Debug Serial Output

Serial data is read from the OnCE through the DSO output pin, as specified by the last com-
mand received from the external command controller. Data is always shifted out the OnCE
serial port most significant bit (MSB) first. Data is clocked out of the OnCE serial port on the
rising edge of DSCK.

The DSO pin also provides acknowledge pulses to the external command controller. When
the chip enters the debug mode, the DSO pin will be pulsed low to indicate (acknowledge)
that the OnCE is waiting for commands. After receiving a read command, the DSO pin will
be pulsed low to indicate that the requested data is available and the OnCE serial port is
ready to receive clocks in order to deliver the data. After receiving a write command, the
DSO pin will be pulsed low to indicate that the OnCE serial port is ready to receive the data
to be written; after the data is written, another acknowledge pulse will be provided.

During hardware reset and when the processor is idle, the DSO pin is held high.

DR—Debug Request Input

The debug request input (DR) allows the user to enter the debug mode of operation from
the external command controller. When DR is asserted, it causes the DSP to finish the cur-
rent instruction being executed, save the instruction pipeline information, enter the debug
mode, and wait for commands to be entered from the DSI line. While in debug mode, the
DR pin lets the user reset the OnCE controller by asserting it and deasserting it after receiv-
ing acknowledge. It may be necessary to reset the OnCE controller in cases where synchro-
nization between the OnCE controller and external circuitry is lost. DR must be deasserted
after the OnCE responds with an acknowledge on the DSO pin and before sending the first
OnCE command. Asserting DR will cause the chip to exit the STOP or WAIT state.
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2.3.5.2 JTAG Pins

The following signals are used with the onboard test logic defined by the IEEE 1149.1 JTAG
standard. See Section 13 IEEE 1149.1 Test Access Port for more information on the use of
these signals. These pins are active when the JTAG_ONCE pin is strapped high.

TRST—Test Reset
This active low input provides an asynchronous reset to the test logic.

TCK—Test Clock
This input provides a clock for onboard test logic defined by the IEEE 1149.1 standard.

TMS—Test Mode Select

This input controls test mode operations for onboard test logic defined by the IEEE 1149.1
standard.

TDI—Test Data In

This input is used for serial test instructions and test data for onboard test logic defined by
the IEEE 1149.1 standard.

TDO—Test Data Out

This output is used for serial test instructions and test data for onboard test logic defined by
the IEEE 1149.1 standard.

2.3.6 IMP and DSP Clock and PLL Pins
The clock and PLL pins are shown in Figuré 2-23.

EXTAL— Mcesass —— DEXTAL
XTAL™ qp | psp [ DXTAL
CLKO— ——— PCAP
XFC—— ——— CKOUT
MODCLKO0,1 —— |——— CSelect
VCCSYN —— L PvcC
GNDSYN — l-——— PGND
ICLVCC — I—— CLVCC
ICLGND —— I—— CLGND

Figure 2-23. IMP and DSP Clock and PLL Pins

2.3.6.1 IMP PLL and Clock Pins

EXTAL—IMP External Clock/Crystal Input

This input provides two clock generation options (crystal and external clock). EXTAL may
be used (with XTAL) to connect an external crystal to the on-chip oscillator and clock gen-
erator. If an external clock is used, the clock source should be connected to EXTAL, and
XTAL should be left unconnected. The frequency of EXTAL may range from 0 MHz to 25
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MHz (or the maximum rated frequency, whichever is higher). When an external clock is
used, it must provide a CMOS level at this input frequency.

NOTE

The input high voltage and input low voltage for EXTAL and the
values for power are specified in Section 14 Electrical Charac-
teristics. A valid clock signal oscillates between a low voltage of
between GND - 0.3 and .6 volts and a high voltage of between
4.0 and V¢ volts.

XTAL—IMP Crystal Output

This output connects the on-chip oscillator output to an external crystal. If an external clock
is used, XTAL should be left unconnected.

CLKO—IMP Clock Out

This output clock signal is derived from the on-chip clock oscillator. This clock signal is in-
ternally connected to the clock input of the M68000 core, the communication processor, and
system integration block. All M68000 bus timings are referenced to the CLKO signal. CLKO
supports both CMOS and TTL output levels. The output drive capability of the CLKO signal
is programmable in the IPLCR register (see 3.4.3.4 IMP PLL and Clock Control Register (IP-
LCR)) to one-third, two-thirds, full strength, or this output can be disabled.

XFC—IMP External Filter Capacitor

This pin is a connection for an external capacitor to filter the PLL. See 3.4.5 IMP PLL Pins
for more details.

MODCLK1-0—Clock Mode Select

The state of these input signals during reset selects the type of external clock that is used
by the phase locked loop (PLL) in the clock synthesizer to generate the system clocks. Table
2-13 shows the default values of the PLL. See 3.3.1 Default System Clock Generation for
more details of the MODCKO-1 options.

Table 2-13. Default Operation Mode of the IMP PLL

MODCK PLL Mult. Factor | EXTAL Freq. | CLKIN to the IMP System
1-0 (MF+1) (Examples) PLL Clock
00 Disabled X - =EXTAL =EXTAL
01 Enabled 1 >10 MHz =EXTAL =EXTAL
10 Enabled 4 4.192MHz 4.192MHz 16.768 MHz
1 Enabled 401 32.768KHz 32.768KHz 13.14 MHz

VCCSYN—IMP Analog PLL Circuit Power

This pin is dedicated to the IMP analog PLL circuits. The voltage should be well regulated
and the pin should be provided with an extremely low impedance path to the V¢ power rail.
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Veesyn should be bypassed to GND by a 0.1LF capacitor located as close as possible to
the chip package.

GNDSYN—IMP Analog PLL Circuits’ Ground

This pin is dedicated to the IMP analog PLL circuits. The pin should be provided with an ex-
tremely low impedance path to ground. GNDSYN should be bypassed to VCCSYN by a
0.1uF capacitor located as close as possible to the chip package.

2.3.6.2 DSP PLL and Clock Pins

DEXTAL—DSP External Clock/Crystal Input

The DEXTAL input interfaces the internal crystal oscillator input to an external crystal or an
external clock. If the IMP EXTAL clock source is used to drive the DSP clock, this pin should
be grounded.

DXTAL—DSP Crystal Output

This output connects the internal crystal oscillator output to an external crystal. If an external
clock or the IMP clock source is used, XTAL should not be connected. It may be disabled
through software control using the XTLD bit in the PLL control register.

PCAP—DSP PLL Filter Off-Chip Capacitor

This input acts as an off-chip capacitor for the PLL filter. One terminal of the capacitor is con-
nected to PCAP while the other terminal is connected to PVCC. The capacitor value is spec-
ified in Section 14 Electrical Characteristics.

CKOUT—DSP PLL Output Clock

This output pin provides a 50% duty cycle output clock synchronized to the internal proces-
sor clock when the PLL is enabled and locked. When the PLL is disabled, the output clock
at CKOUT is derived from, and has the same frequency and duty cycle as DEXTAL.

NOTE

If the PLL is enabled and the multiplication factor is less than or
equal to 4, then CKOUT is synchronized to DEXTAL.

CSelect - DSP Clock Select

During the assertion of hardware reset, the value at the CSelect input pin determines the
DSP PLL input clock source and together with the MODCLK1-0 pins the DSP PLL opera-
tional mode. The DSP PLL enable/disable mode is written into the PEN bit of the PLL control
register. The PEN bit enables the PLL by causing it to derive the internal clocks from the PLL
VCO output. When the bit is clear, the PLL is disabled and the chip’s internal clocks are de-
rived from either the clock connected to the DEXTAL pin or the IMP’s CLKIN. Table 2-14

2-40 MC68356 USER’S MANUAL MOTOROLA



shows the defauit values of the PLL after hardware reset is deasserted - the CSelect pin is

Signal Description

ignored. See the clock synthesizer description of the DSP for more details.

Table 2-14. Default Operation Mode of the DSP PLL

CSelect Mc:l_):'( PLL M“(';:f;m' D(?g ::;Ir::;" CLKIN to the PLL Dsizﬁ*e"‘
0 00 Disabled X =IMP EXTAL =IMP EXTAL
0 o1 Disabled X —IMP EXTAL =IMP EXTAL
0 10 Disabled X - =IMP EXTAL —IMP EXTAL
0 11 Enabled 401 32.768KHz 32.768 kHz 13.14 MHz
1 X Disabled X —DSP EXTAL | =DSP EXTAL

PVcc—DSP Analog PLL Circuit Power

The V¢ input is dedicated to the DSP analog PLL circuits. The voltage should be well reg-
ulated and the pin should be provided with an extremely low impedance path to the Vg
power rail. PVg¢ should be bypassed to PGND by a 0.1F capacitor located as close as
possible to the chip package.

PGND—DSP Analog PLL Circuits’ Ground

This GND input is dedicated to the DSP analog PLL circuits. The pin should be provided with
an extremely low impedance path to ground. PV should be bypassed to PGND by a 0. 1F
capacitor located as close as possible to the chip package.

2.4 POWER AND GROUND PINS

The MC68356 has 16 power supply pins throughout the outer four rows/columns and 40
Ve pins on the V¢ ring located on the perimeter of the inner ground pins. There are 3
grounds throughout the four row/columns and 81 ground pins located in the inner 9 x 9
ground matrix. The inner ground matrix should be connected directly to an internal ground
plane with individual vias for every pad connecting to the ground plane. These pins are es-
pecially important for efficient heat dissipation. Similarly the outer ring of V¢ pins should be
connected to the power plan with individual vias for every pad.Special attention should be
paid to connecting the DSP and IMP PLL power pins designated by PVCC, PGND and
VCCSYN and GNDSYN respectively (see 2.3.6 IMP and DSP Clock and PLL Pins). Careful
attention has been paid to reducing IMP noise, potential cross-talk, and RF radiation from
the output drivers. Inputs may be +5 V when V¢ is 0 V without damaging the device.

2.5 WHEN TO USE PULLUP RESISTORS

Pins that are input-only or output-only do not require external pullups. The bidirectional bus
control signals require pullups since they are three-stated by the processor when they are
not being driven. Open-drain signals always require pullups.

Unused inputs should not be left floating. If they are input-only, they may be tied directly to
V¢ or ground, or a pullup or pulldown resistor may be used. Unused outputs may be left
unconnected. Unused I/O pins may be configured as outputs after reset and left unconnect-
ed. ‘
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If the IMP is to be held in reset for extended periods of time in an application (other than what
occurs in normal power-on reset or board test sequences) due to a special application re-
quirement (such as V¢ dropping below required specifications, etc.), then three-stated sig-
nals and inputs should be pulled up or down. This decreases stress on the device transistors
and saves power.

See the RESET pin description for the condition of all pins during reset.
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SECTION 3
CLOCK GENERATION AND LOW POWER CONTROL

Since the MC68356 consists of two separate main functional blocks: an Integrated Multipro-
tocol Processor (IMP) and a DSP56002 with expanded memory, two separate clocking gen-
eration blocks are needed to assure that both processors can be clocked independently to
achieve maximum flexibility in this dual processor architecture. The MC68356 contains two
clock circuits, one for the IMP section and one for the DSP section of the device. Each clock
circuit consists of crystal oscillator drive circuit capable of driving either an external crystal
or accepting an oscillator clock, a PLL clock synthesizer capable of multiplying a low fre-
guency clock or crystal such as a 32-KHz watch crystal up to the maximum clock rate of
each processor, and a low power divider which allows dynamic gear down and gear up of
the system clock for each processor on the fly. While the dual-clock-generation architecture
allows each section to run completely independently, both clock generation blocks can rely
on the same crystal or oscillator clock source to save external oscillator components and
board space. .

3.1 CLOCK GENERATION AND LOW POWER CONTROL

¢ Dual On-Chip Clock Synthesizers (each with output system clocks)
—Two Independent Oscillator Drive Circuits and Pins

—Two Independent PLL Clock Synthesizer Circuits with Low Power Output Clock
Divider Blocks.

—One External Crystal Can Generate Clocks for both IMP and DSP
¢ Low Power Control Of IMP
—Slow-Go Modes using PLL Clock Divider Blocks

—Varied Low Power STOP Modes for Optimizing Wake-Up Time to Low Power
Mode Power Consumption: Stand-By, Doze and STOP.

e Low Power Control DSP
—Wait and Stop modes
—Wake-Up by IMP through Direct Internal Connection of RESET and IRQ signals
—Minimum Current Drain in pA Range

3.2 PLL AND OSCILLATOR CHANGES TO IMP AND DSP

The oscillator that was on the MC68302 has been replaced by the new clock synthesizer
described in this section.The registers related to the oscillator have been either removed or
changed according to the description below. Several control bits are still available but have
new locations.
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The low power modes on the MC68302 have changed completely and will be discussed lat-
erin 3.5.1 IMP Low Power Modes

The DSP PLL is the same as described in the DSP family manual. One addition is that the
input clock source may now be optionally routed from the IMP EXTAL pin.

The PINIT pin has been removed; DSP PLL initialization after reset is determined by the
combination of CSelect and MODCK1-0 pins as shown in Figure 3-1. The PLOCK and CKP
pins are not implemented on the MC68356.

3.2.1 Clock Control Register

The clock control register address $FA is not implemented on the MC68356. This register
location has been reassigned to the IOMCR and ICKCR registers. The clock control register
bits have been reassigned as follows:

CLKO Drive Options (CLKOMOD1-2)

These bits are now in the IMP clock control register (IPLCR) on the MC68356, see 3.4.3.4
IMP PLL and Clock Control Register (IPLCR).

Tri-State TCLK1 (TSTCLK1)

This bit is now in the DISC register on the MC68356, see 6.9.2 IMP-DSP Reset and Mode
Interconnections Register.

Tri-State RCLK1 (TSRCLK1)

This bit is now in the internal connection register (ICR) on the MC68356, see 6.9.2 IMP-DSP
Reset and Mode Interconnections Register.

Disable BRG1 (DISBRG1)

This bit is now in the internal connection register (ICR) on the MC68356, see 6.9.2 IMP-DSP
Reset and Mode Interconnections Register.

3.3 MC68356 SYSTEM CLOCK GENERATION

Figure 3-1 shows the MC68356 system clock schematic which includes both the DSP and
IMP clock synthesizers. The MC68356 has two sets of clock generation circuit blocks for
both the DSP and IMP sections. Each block includes an on-chip osciliator, a clock synthe-
sizer, and a low-power divider, which allows a comprehensive set of options for generating
system clocks. The choices offer many opportunities to save power and system cost, without
sacrificing flexibility and control. In addition to performing frequency multiplication, the PLL
block can also provide EXTAL to CLKO skew elimination, and dynamic low power divides
of the output PLL system clock.

To allow maximal flexibility for various applications, the DSP clock may be generated by the
DSP clock oscillator, or to reduce power, noise, and component count, the IMP external
crystal can generate clocks for both IMP and the DSP. Clock source and default settings are
determined during independent resets of the IMP and DSP sections. The MC68356 de-
codes the CSelect and MODCK1-0 pins and the value of these pins determines the initial
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clocking for the part. Further changes to the clocking scheme can be made by software. Af-
ter reset, the 68000 core can control the IMP clocking through the following registers:

1.

4.

IMP Operation Mode Control Register, IOMCR (3.5.1.6 IMP Operation Mode Control
Register (IOMCRY)).

IMP PLL and Clock Control Register, IPLCR (3.4.3.1 Frequency Multiplication).

IMP Interrupt Wake-Up Control Register, IWUCR (3.5.2.4 IMP Wake-Up Control Reg-
ister — IWUCR).

Periodic Interrupt Timer Register, PITR (6.5.4 Periodic Interrupt Timer).

The DSP can control its clocking through the following register:

DSP PLL Control Register, (3.7.6 DSP PLL Control Register (PCTL)).

MULTIPLICATION FACTOR DIVIDE FACTOR

(MF11-MF0) (DF3-DF0)
| I —> IMP SYSTEM CLOCK
E;(ILAL Y CLK OUT Mux | (0-25MHz)
——piIMP | CLKIN -
- oscC. P |MPPLL
XTAL VCO OUT
MUX CLOCK
> DIVIDE MU
BY2 [
- PIT CLOCK

MULTIPLICATION FACTOR DIVIDE FACTOR

(MF11-MF0) (DF3-DF0)

DEP)I(IEAL ‘ & L DSP SYSTEM CLOCK
PN _lose| ¥ DIVIDER OUT (0—60MHz)
<«—]0sc MUX - = |MUX[—

DXTAL —> DSPPLL | )

" PIN
VCO OUT
CSELECT PIN I

Figure 3-1. MC68356 PLL Clock Generation Schematic

3.3.1 Default System Clock Generation

During the assertion of hardware reset, the value at the CSelect and MODCLK1-0 input pins
determine the input clock source for the DSP and IMP as well as which PLLs will be enabled
according to Table 3-1. After the deassertion of reset, these pins are ignored.
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If the CSelect pin is low, the DSP will use the IMP EXTAL pin as its clock source. The DSP
PLL can be enabled or disabled after reset by writing to the PEN bit of the DSP PLL control
register (PCTL). When the CSelect bit is set, the DSP will come out of reset with its PLL dis-
abled and the DSP’s internal clocks connected to the DSP EXTAL pin (See Figure 3-1).

NOTE

The DSP DEXTAL pin should be grounded if the DSP is using
the IMP EXTAL pin as its clock source (CSelect=0).

The MODCK1-0 pins control the IMP clock selection at hardware reset and the DSP PLL
multiplication factor if CSELECT=0 and MODCLK = 11. The IMP PLL can be enabled or dis-
abled and the multiplication factor can be preset to support different industry standard crys-
tals. After reset the multiplication factor can be changed in the IPLCR register, and the IMP
PLL divide factor can be set in the IOMCR register.

NOTE

The IMP and DSP PLL input frequency ranges are limited to be-
tween 25 kHz and the maximum operating frequency, and the
PLL output frequency range before the low power divider is lim-
ited to between 10 MHz and the maximum system clock fre-
quency (25 MHz for a 25 MHz IMP and 60 MHz for a 60 MHz

DSP).
Table 3-1 IMP and DSP Default System Clock Generation
MODCK DSP DSP sDSP Example
CSelect o oL | e ystem IMPFEe);TAL mppLL | WP NP Syssem
0 00 Disabled x | IMP EXTAL | 25 MHz | Disabled | x IMP EXTAL
0 01 Disabled x |IMPEXTAL|25MHz | Enabled | 1 LS.
0 10 Disabled x | IMPEXTAL | 4192MHz | Enabled | 4 LU=
0 11 Enabled | 401 [MPEXTALX] 35 765 kHz | Enabled | 401 | ML a0t
1 00 Disabled x |DSPEXTAL| 25 MHz | Disabled | x IMP EXTAL
1 01 Disabled x | DSP EXTAL| 25 MHz Enabled | 1 M Lt
1 10 Disabled x |DSPEXTAL| 4192MHz | Enabled | 4 INE i xa
1 11 Disabled x |DSPEXTAL| 32768 kHz | Enabled | 401 | M4FA 1a01
Note:

By loading the IPLCR register the user can change the multiplication factor of the PLL after RESET.
By loading the IOMCR register, the user can change the power saving divide factor of the IMP PLL.
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3.4 IMP SYSTEM CLOCK GENERATION
3.4.1 System Clock Configuration

The IMP has an on-chip oscillator and phased locked loop (Figure 3-2). These features pro-
vide flexible ways to save power and reduce system cost. The operation of the clock gener-
ation circuitry is determined by the following registers.

The IMP Operation Mode Control Register, IOMCR in 3.5.1.6 IMP Operation Mode Control
Register (IOMCR).

The IMP PLL and Clock Control Register, IPLCR in 3.4.3 Phase-Locked Loop (PLL).

MULTIPLICATION FACTOR DIVIDE FACTOR
(MF11-MFo) (DF3-DFo)
| | >
CLK OUT MUX IMP SYSTEM CLOCK
EXTAL ——pl p | CLKIN > P> (0-33 MHz)
XTAL ~g—— OSC. LoCK ‘

BY2

I BRG
veo 0: MUX DviDE] | MUX — &Gk

TO DSP

= PIT CLOCK

CLKIN PHASE LOOP CLKOUT

PHASE VCO OUT
DETECTOR
(170 4096)

Figure 3-2. IMP System Clocks Schematic - PLL Enabled
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PIT
CLOCK

>

EXTAL IMP SYSTEM CLOCK
PIN CLKIN (0-33MHZ)

IMP
0SC. Lo

XTAL
PIN

L BRG
cLocK

p-| DIVIDE _HMUX —

BY2

T0 DSP
Figure 3-3. IMP System Clocks Schematic - PLL disabled

Figure 3-2 shows the IMP system clocks schematic with the IMP PLL enabled. Figure 3-3
shows the IMP system clocks schematic with the IMP PLL disabled.

The clock generation features of the IMP are discussed in the following paragraphs.

3.4.2 On-Chip Oscillator

A 32.768-kHz watch crystal provides an inexpensive reference, but the EXTAL reference
crystal frequency can be any frequency from 25 kHz to 6.0 MHz. Additionally, the system
clock frequency can be driven directly onto the EXTAL pin. In this case, the EXTAL frequen-
cy should be the exact system frequency desired (0 to 25 MHz for the IMP), and the XTAL
pin should be left floating. Figure 3-4 shows all the external connections required for the on-
chip oscillator (as well as the PLL VCC and GND connections).

3.4.3 Phase-Locked Loop (PLL)

The IMP PLL’s main functions are frequency multiplication, and EXTAL pin to CLKO pin
clock skew elimination. The phase-locked loop takes the CLKIN frequency and outputs a
high-frequency source used to derive the general system frequency of the IMP. The IMP
PLL is comprised of a phase detector, loop filter, voltage-controlled oscillator (VCO), and
multiplication block.

3.4.3.1 Frequency Multiplication

The IMP PLL can multiply the CLKIN input frequency by any integer between 1 and 4096.
The multiplication factor may be changed to the desired value by writing the MF11-MFO bits
in the IPLCR. When the IMP PLL multiplier is modified in software, the IMP PLL will lose
lock, and the clocking of the IMP will stop until lock is regained (worst case is 2500 EXTAL
clocks). If an alteration in the system clock rate is desired without losing IMP PLL lock, the
value in the low-power clock divider can be to modified to change the system clock rate dy-
namically. The low power clock divider bits are located in the IOMCR register.
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Figure 3-4. PLL External Components

NOTE

If IMP PLL is enabled, the multiplication value must be large
enough to result in the VCO clock being greater than 10 MHz.

3.4.3.2 Skew Elimination

The IMP PLL is also capable of eliminating the skew between the EXTAL and IMP system
clock {CLKO). When the IMP PLL is enabled with a MF<5, the EXTAL to IMP clock skew is
reduced to less than 4 ns. Without the IMP PLL enabled, the clock skew could be much larg-
er. This significant reduction of the clock skew is useful for synchronous clocking of multiple
external system components. The IMP PLL also can compensate for duty cycle mismatch
on the EXTAL input and will create a 50% duty cycle output

NOTE

When PLL is active, skew elimination is guaranteed only if the
multiplication factor is less than 5.

3.4.3.3 Low Power PLL Clock Divider

The output of the IMP VCO is sent to a low power divider block. The clock divider can divide '

the output frequency of the VCO before it generates the system clock. The clock for the baud
rate generators (BRGs) bypasses this clock divider.

The purpose of the clock divider is to allow the user to reduce and restore the operating fre-
quency of the IMP without losing the IMP’s PLL lock. Using the clock divider, the user can
still obtain full IMP operation, but at a slower frequency. The BRG is not affected by the low
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power divider circuitry so previous BRG divider settings will not have to be changed when
the divide factors are changed.

When the PLL low power divider bits (DF0-3) are programmed to a non-zero value, the IMP
is in SLOW_GO mode. The selection and speed of the SLOW_GO mode may be changed
at any time, with changes occurring immediately.

NOTE

The IMP low power clock divider is active only if the IMP PLL is
active.

The low-power divider block is controlled in the IOMCR. The default state of the low-power
divider is to divide all clocks by 1.

If the low-power divider block is not used and the user is concerned that errant software
could accidentally write the IOMCR, the user may set a write protection bit in IOMCR to pre-
vent further writes to the register.

3.4.3.4 IMP PLL and Clock Control Register (IPLCR)

IPLCR is a 16-bit read/write register used to control the IMP’s PLL, multiplication factor and
CLKO drive strength. This register is mapped in the 68000 bus space at address $OF8. If
the 68000 bus is set to 8 bits (BUSW grounded at reset), during 8-bit accesses, changes to
the IPLCR will take effect in the IMP PLL after loading the high byte of IPLCR (the low byte
is written first). The WP bit in IPLCR is used as a protect mechanism to prevent erroneous
writing. When this bit is set further accesses to the IPLCR will be blocked.

IMP PLL and Clock Control Register (IPLCR) $0F8
15 14 13 12 1 10 9 8
| IPLWP | CLKOMODO-1 | PEN | MF11 | MF10 | MF9 | MF8 |
RESET
0 0 0 MODCLK 0 0 0 MODCLKO,1
7 ] 5 4 3 2 1 0
| MF7 | MF6 | MF5 | MF4 MF3 MF2 MF1 MFO |
RESET
MODCLKO, 1 o 0 MODCLKO,1 0 0 MODCLKo MODCLKo
Read/Write

MF 11-0—Multiplication Factor
These bits define the multiplication factor that will be applied to the IMP PLL input frequen-
cy. The multiplication factor can be any integer from 1 to 4096. The system frequency is
((MF bits + 1) x EXTAL). The multiplication factor must be chosen to ensure that the re-
sulting VCO output frequency will be in the range from 10 MHz to the maximum allowed
clock input frequency (e.g. 25 MHz for a 25 MHz IMP).

The value 000 results in a multiplier value of 1. The value $FFF results in a muttiplier value
of 4096.
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Any time a new value is written into the MF11-MFOQ bits, the IMP PLL will lose the lock
condition, and after a delay, will relock. When the IMP PLL loses its lock condition, all the
clocks that are generated by the IMP PLL are disabled. After hardware reset, the MF11—
MFO bits default to either 0, 3 or 400 ($190 hex) depending on the MODCK1-0 pins (giv-
ing a multiplication factor of 1, 4 or 401). If the multiplication factor is 401, then a standard
32.768 kHz crystal generates an initial general system clock of 13.14 MHz. If the multipli-
cation factor is 4, then a standard 4.192 MHz crystal generates an initial general system
clock of 16.768 MHz. The user would then write the MF bits or adjust the output frequency
to the desired frequency.

NOTE

Since the clock source for the periodic interrupt timer is CLKIN
(see Figure 3-1), the PIT timer is not disturbed when the IMP
PLL is in the process of acquiring lock.

PEN—PLL Enable Bit

The PEN bit enables the IMP PLL operation. When the IMP PLL is disabled, the VCO is
not operating in order to minimize power consumption. The PEN bit may be set by soft-
ware but it cannot be reset by software. During hardware reset this bit is set if the
MODCK1-0 pins specify that the IMP PLL is enabled. The only way to clear PEN is to hold
the MODCK1-0 pins low during a hardware reset.

0= The IMP PLL is disabled. Clocks are derived directly from the EXTAL pin.

1= The IMP PLL is enabled. Clocks are derived from the CLKOUT output of the PLL.

CLKODMOQ—-1—CLKO Drive Mode 0-1
These bits control the output buffer strength of the CLKO pin. Those bits can be dynami-
cally changed without generating spikes on the CLKO pin. Disabling CLKO will save pow-
er and reduce noise.

00 = Clock Out Enabled, Full-Strength Output Buffer.

01 = Clock Out Enabled, 2/3-Strength Output Buffer

10 = Clock Out Enabled, 1/3-Strength Output Buffer

11 = Clock Out Disabled (CLKO is driven high by internal pullup)

NOTE
These IMP bits are in a different address location than in the
MC68302, where they are located at address $FA (bits 15, 14).

IPLWP—IMP PLL Control Write Protect Bit

This bit prevents accidental writing into the IPLCR. After reset, this bit defaults to zero to
enable writing. Setting this bit prevents further writing (excluding the first write that sets
this bit).

3.4.4 IMP Internal Clock Signals
The following paragraphs describe the IMP internal clock signals.
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3.4.4.1 IMP System Clock

The IMP system clock is supplied to all modules on the IMP (with the exception of the BRG
clocks which are connected directly to the VCO output with the PLL enabled). The IMP can
be programmed to operate with or without IMP PLL. If IMP PLL is active, the system clock
will be driven by PLL clock divider output. If IMP PLL is not active, the system clock will be
driven by the PLL input clock (CLKIN).

3.4.4.2 BRG Clock

The clock to the BRGs can be supplied from the IMP PLL input (CLKIN} when the IMP PLL
is disabled, or from the IMP PLL VCO output (when the PLL is enabled). The BRG prescaler
input clock may be optionally programmed to be divided by 2 to allow very low baud rates
to be generated from the system clock by setting the BCD bit in the IOMCR.

3.4.4.3 PIT Clock

CLKIN is supplied to the periodic interrupt timer (PIT) submodule which allows the PIT clock
to run independently of the system clock (refer to Figure 3-1 and 6.5.4 Periodic Interrupt
Timer).

3.4.5IMP PLL Pins
The following pins are dedicated to the IMP PLL operation.

3.4.5.1 VCCSYN

This pin is the V¢ dedicated to the analog IMP PLL circuits. The voltage should be well reg-
ulated, and the pin should be provided with an extremely low-impedance path to the Ve
power rail. VCCSYN should be bypassed to GNDSYN by a 0.1-uF capacitor located as
close as possible to the chip package.

3.4.5.2 GNDSYN
This pin is the GND dedicated to the analog IMP PLL circuits. The pin should be provided
with an extremely low-impedance path to ground. GDNSYN should be bypassed to
VCCSYN by a 0.1 uF capacitor located as close as possible to the chip package. The user
should also bypass GNDSYN to VCCSYN with a 0.01 uF capacitor as close as possible to
the chip package.

3.4.5.3 XFC

This pin connects to the off-chip capacitor for the PLL filter. One terminal of the capacitor is
connected to XFC; the other terminal is connected to IQVCC.

3.4.5.4 MODCLK1-MODCLKO

MODCLK1-MODCLKO specifies whether the IMP PLL is enabled and what the initial VCO
frequency is after a hardware reset. During the assertion of RESET, the value of the
MODCLK1-MODCLKO input pins causes the PEN bit and the MF11-0 bits of the IMP PLL
and Clock Control Register (IPLCR) $0F8 to be appropriately written. MODCLK1-
MODCLKO also determines if the oscillator’s prescaler is used. After RESET is negated, the
MODCLK1-MODCLKO pins are ignored. These pins have an internal pullup during a hard-
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ware reset. Table 3-1 shows the combinations of MODCLK1-0 pins with the corresponding
default settings.

3.5 IMP POWER MANAGEMENT

The IMP portion of the MC68356 has several low power modes from which to choose. In
addition, the IMP can control the DSP power management functions.

3.5.1 IMP Low Power Modes

The MC68356 provides a number of low power modes for the IMP section. Each of the op-
eration modes has different current consumption, wake-up time, and functionality character-
istics. The state of the IMP’s 68000 data and address bus lines can be either driven high,
low or tristated during low power stop mode by programming the low power drive control reg-
ister (LPDCR).

NOTE

Current consumption for all operating modes is specified in Sec-
tion 14 Electrical Characteristics.

Table 3-2 IMP Low Power Modes - IMP PLL Enabled

Wake_Up Current

Operation . . Method of IMP
Mode Oscillator PLL Clock | (Osc. Clock Consun_Iptlon Entry/LPM bits | Functionality
Cycles) (Approximate)
STOP | NotActive |Notactive | Notactive| 70000 <01mA | SR instiction/ No
DOZE Active Not active | Not active 2500 About 5mA Sthbi/l"ﬁ%’:%ign/ No

STAND_BY Active Active (if | Not active | 2-5 cycles About 5mA Sth&"fi%‘:g?"/ PartigIIK;CM-

enabled
SLOW_GO/ ; Active (if : Low, depends on :
NORMAL Active enableé) Active CL}?freq. Write to DF3-0 Full

3.5.1.1 STOP Mode

In STOP mode, all parts of IMP are inactive and the current consumption is less than 0. TmA.
Both the crystal oscillator and the IMP PLL are shut down. Because both the oscillator and
the PLL must start up, the wake-up time takes 70000 EXTAL clocks (for example, 70000
cycles of 32.768KHz crystal will take about 2.2 sec).

The STOP mode is entered by executing the STOP instruction with the LPM0-1 bits in the
IOMCR register set to 11. Refer to 3.5.2.2 Entering the STOP/ DOZE/ STAND_BY Mode for
an example instruction sequence for use with the STOP instruction.

3.5.1.2 DOZE Mode

In DOZE mode, the oscillator is active in the IMP but the IMP PLL is shut down. The current
consumption depends on the frequency of the external crystal but is on the order of a few
mA. In DOZE mode, the IMP is shut down. The wake-up time is 2500 cycles of the external
crystal (for example, 2500 cycles of 32.768 kHz crystal will take about 80 msec). Doze mode
has faster wake-up time than the STOP mode, at the price of higher current consumption.
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The DOZE mode is entered by executing the STOP instruction with the LPM1-0 bits in the
IOMCR register set to 10. Refer to 3.5.2.2 Entering the STOP/ DOZE/ STAND_BY Mode for
an example instruction sequence for use with the STOP instruction.

3.5.1.3 STAND_BY Mode

In STAND_BY mode, the oscillator is active, and the IMP PLL, if enabled, is active but the
IMP clock is not active and the IMP is shut down. Current consumption in STAND-BY mode
is less than 10mA (less than SmA if the IMP PLL is not being used). The wake up time is a
few IMP clock cycles.

The STAND_BY mode is entered by executing the STOP instruction with the LPM1-0 bits
in the IOMCR register set to 01. Refer to 3.5.2.2 Entering the STOP/ DOZE/ STAND_BY
Mode for an example instruction sequence for use with the STOP instruction.

In STAND-BY mode, the PCMCIA interface is active and any access on the PCMCIA inter-
face will cause the IMP to come out of STAND-BY mode. The STAND_BY mode is useful
in applications which have time slots with no activity, and require a minimal wake-up time
before IMP returns to NORMAL or SLOW-GO mode.

3.5.1.4 SLOW_GO Mode

In the SLOW-GO mode, the IMP is fully operational but the IMP PLL divider has been pro-
grammed with a value that is dividing the IMP PLL VCO output to the system clock in order
to save power. The PLL output divider can only be used with the IMP PLL enabled. The di-
vider value is programmed in the DF3-0 bits in the IOMCR. The clock may be divided by a
power of 2 (2° — 27%). No functionality is lost in SLOW-GO mode.

3.5.1.5 NORMAL Mode

In NORMAL mode the IMP part is fully operational and the system clock from the PLL is not
being divided down.

3.5.1.6 IMP Operation Mode Control Register (IOMCR)

IOMCR is a 8-bit read/ write register used to control the operation modes of the IMP. The
WP bit in IOMCR is used as a protect mechanism to prevent erroneous writing of IOMCR.

IOMCR $OFA
7 6 5 4 3 2 1 0

| IOMWP | DF3 J DF2 l DF1 | DFo l BCD J LPM1 r LPMo |
REiET: o] 0] o] [} 0 0 [0}

Read/Write

IOMWP—IMP Operation Mode Control Write Protect Bit

This bit prevents accidental writing into the IOMCR. After reset, this bit defaults to zero to
enable writing. Setting this bit prevents further writing (excluding the first write that sets
this bit).
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DF 3-0—Divide Factor

The Divide Factor Bits define the lelde factor of the low power divider of the PLL. These
bits specify a divide range between 2° and 2'5. Changing the value of these bits will not
cause a loss of lock condition to the IMP PLL.

BCD—BRG Clock Divide Control

This bit controls whether the divide-by-two block shown in Figure 3-1 is enabled.

0= The BRG clock is divided by 2.
1= The BRG clock is divided by 1.

LPM—Low Power Modes

When the 68000 core executes the STOP instruction, the IMP will enter the specified
mode.

LPM1-0:
00 = Normal - the IMP PLL and clock oscillator will continue to operate normally.
01 = Stand_by Mode
10 = DOZE Mode
11 = Stop Mode

3.5.1.7 Low Power Drive Control Register (LPDCR)

This register controls the state of the IMP’s 68000 address and data buses durlng the Stand-
by, Doze, and Stop modes. By programming this register it is possible to minimize power
consumption due to external pullups or pull downs, or floating inputs.

LPDCR : BAR+$82A
7 6 5 4 3 ' 2 1 0
C [ C T [ [ B L
RESET.
4] 0 4] 0 0 o] o]
[}
Read/Write

LPDEN—Low Power Drive Enable
0 - The IMP 68000 data and address buses will be high impedance.
1 - The IMP 68000 data and address buses to be driven according to the LPDL bit.‘

LPDL—Low Power Drive Data Low

0 - The data bus will be driven high when the LPDEN bit is set.
1 - The data bus will be driven low when the LPDEN bit is set.
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3.5.1.8 Default Operation Modes, See 3.3.1 Default System Clock Generation.
3.5.2 Low Power Support

3.5.2.1 Enter the SLOW_GO mode

When the required IMP performance can be achieved with a lower clock rate, the user can
reduce power consumption by dividing IMP PLL output clock that provides the IMP system
clock. Switching between the NORMAL and SLOW_GO modes is achieved by changing the
DF3-0 field in the IOMCR register to a non-zero vaiue. The IMP PLL will not lose lock when
the DF3-0 field in the IOMCR register is changed.

3.5.2.2 Entering the STOP/ DOZE/ STAND_BY Mode

Entering the STOP/ DOZE/ STAND_BY mode is achieved by the 68000 core executing the
following code:

nop
move.b *+6(PC),$000000FB ;copy STOP operand high byte to addr 000000fb
stop #EXXXX Xxxx -> SR

nop

This code is position independent. The core must be in the supervisor state to execute the
STOP instruction, therefore the write to $000000FB must be done in the supervisor state
(function code 5, supervisor data). The core trace exception should be disabled, otherwise
the low power control will not enter the STOP mode.

To guarantee supervisor state and trace exceptions disabled, this code should be part of a
TRAP routine. Upon entering the trap routine, examine the stacked status register. If it indi-
cates the supervisor state, then execute this code to enter STOP mode. If not supervisor,
do NOT execute this code (could perform some application-specific error):

TRAP_x btst.b #5,(SP) ; supervisor?
beq.s NO_STOP
nop ; flush execution, bus pipes
move.b *+6(PC),$000000FB ;copy STOP operand high byte to addr 000000fb
stop #$00x ; %00x -> SR
nop
rte
NO_STOP ; error routine?
NOTE

The RI, DTE and PIT conditions will generate a level 4 interrupt.
The PCMCIA will generate a level 1, 6, or 7 interrupt. The user
should set the 68000 interrupt mask register to the appropriate
level before executing this code.
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IMP’s low power control logic will:

1. Detect the write cycle.
2. Check if bit 5 = 1 (supervisor space) (if it is 0, the low power request will be ignored). a

3. Sample the interrupt mask bits (bits 0-2). If during this process of stopping the clocks
an interrupt of higher level than the mask is asserted to the core, this process will
abort.

4. Wait for 16 clocks to guarantee the execution of the STOP command by the core. BG
and BGACK will reset the 16-clock counter and it will restart its count.

5. Assert bus request signal to the core.
6. Wait for Bus Grant
7. Force the IMP to the selected power-down mode, as defined in Table 3-1.

3.5.2.3 IMP Wake-Up from Low Power STOP Modes

The IMP can wake up from STOP/DOZE/STAND_BY mode to NORMAL/SLOW_GO mode
in response to inputs from the following sources:

1. Asserting both RESET and HALT (hard reset) pins.

2. Asserting (high to low transition) either RI (PB9) or PB10 pins (if these interrupts are
enabled).

3. Atimeout of the periodic interrupt timer (if the PIT interrupt is enabled).

4. Reset of the PwrDwn bit in the PCMCIA card configuration and status register when
the PCMCIA controller is enabled.

When one of these events occur (and the corresponding event bit is set), the IMP low power
controller will asynchronously restart the IMP clocks. Then IMP low power control logic will
release the 68000 bus and the IMP will return to normal operation. If one of the above wake-
up events occurs during the execution of the STOP command, the low power control logic
will abort the power down sequence and return to normal operation.

If the IMP is in STAND_BY mode, any PCMCIA access will initiate a wake-up from
STAND_BY mode (See 8.2 Power Down Options).

NOTE

The RI (PB9), DTE (PB10) and periodic interrupt timer timeout
interrupts conditions will generate level 4 interrupts. The PCM-
CIA controller can be programmed to generate either level 1, 6,
or 7 interrupts. The user should also set the 68000 interrupt
mask in the status register (SR) to the appropriate level before
executing the STOP command to ensure that the IMP will wake
up to the desired events.

3.5.2.4 IMP Wake-Up Control Register — IWUCR

The IWUCR contains control for the wake-up options. This register can be read and written
by the 68000 core.
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IWUCR $0F7
7 6 5 4 3 2 1 0
l 0 I PITE I PB10OE —I PBSEv —I 0 l PITEn I PB10En l PBSEN I
REiET: 0 0 0 (4] [+] 0 o]
Read/Write

PB9Ev—PB9 Event
This bit will be set to one when there is a high to low transition on the PB9 pin. When
PBYERn is set and PB9Ev is set, the IMP will wake-up from the selected power down state,
and a PB9 interrupt will be generated. The IMP cannot enter the power-down mode if
PB9Ev and PB9En are both set to one. PBOEv is cleared by writing a one (writing a zero
has no effect).

In modem applications RI should be connected to the PB9 pin.

PB10Ev—PB10 Event

This bit will be set to one when there is a high to low transition on the PB10 pin. When
PB10En is set and PB10Ev is set, the IMP will wake-up from the selected power down
state, and the PB10 Interrupt will be generated. The IMP cannot enter the power-down
mode when PB10Ev and PB10En are both set to one. PB10Ev is cleared by writing a one
(writing a zero has no effect).

In modem applications the DTE TxD line may be connected to the PB10 pin.

PITEv—PIT Event

This bit will be set to one when there is a time-out on the periodic interrupt timer (PIT).
When PITEn bit is set and a time-out occurs (PITEv is set), the IMP will wake-up from the
selected power down, and a PIT Interrupt will be generated. The IMP cannot enter the
power-down mode if PITEv and PITEn are both set to one. PITEv is cleared by writing a
one (writing a zero has no effect).

PB9ENn—PB9 Enable

This bit, when set, enables the IMP to wake up from power down mode and generate an
interrupt when the PB9 Event bit becomes set.

PB10En—PB10 Enable

This bit, when set, enables the IMP to wake up from power down mode and generate an
interrupt when the PB10 Event bit becomes set.

PITEn—PIT Enable
This bit, when set, enables the IMP to wake up from power down mode and generate an
interrupt when the PIT event bit becomes set, see 6.5.4 Periodic Interrupt Timer.

3.5.2.5 IMP Control of DSP Low Power Modes

The 68000 core can communicate with the DSP through either the host port connection or
the DISC register to interrupt the DSP and have the DSP execute a routine to place itself in
low power mode. See Section 11 DSP Host Port and 6.9.2 IMP-DSP Reset and Mode In-
terconnections Register.
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3.6 DSP PLL CLOCK OSCILLATOR INTRODUCTION

The DSP56K family of processors features a PLL (phase-locked loop) clock oscillator in its
central processing module. The DSP PLL allows the processor to operate at a high internal
clock frequency using a low frequency clock input, a feature which offers two immediate
benefits. Lower frequency clock inputs reduce the overall electromagnetic interference gen-
erated by a system, and the ability to oscillate at different frequencies reduces costs by elim-
inating the need to add additional oscillators to a system.

The DSP PLL performs frequency multiplication to allow the processor to use almost any
available external system clock for full speed operation, while also supplying an output clock
synchronized to a synthesized internal core clock. It also improves the synchronous timing
of the processor’s external memory pon, significantly reducing the timing skew between
DEXTAL and the internal chip phases. The DSP PLL provides a low power divider on its out-
put, which can reduce or restore the chip operating frequency without losing the DSP PLL
lock.

A DSP processor uses a four-phase clock for instruction execution which runs at the instruc-
tion execution rate. It can accept an external clock through the DEXTAL input, or it can run
on an internal oscillator when the user connects an external crystal between DXTAL and
DEXTAL. In addition to this, the DSP PLL in the MC68356 can receive an input clock signal
from the IMP clock circuitry. During DRESET the clock source is selected by the CSelect
pin. Refer to Table 3-1 which shows the strapping options on reset for initializing the DSP
PLL.

3.7 PLL COMPONENTS

The DSP PLL block diagram is shown below in Figure 3-5. The components of the DSP PLL
are described in the following sections.

DCLKIN
DEXTAIL- X = | Phase Charge Voltage Low DIVIDER
E Detect Pump Controlled Power ouT
CLKIN S Loop ¥ Oscillator > Divider [ ™
FROM g Filter (VCO) 20 to 215
IMP
' DF0-DF3
-
CSelect VCO oUT
Frequency
Multiptier
Multiplication
Factor
1 to 4096
MFO-MF11

Figure 3-5. DSP PLL Block Diagram
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3.7.1 DCLKIN Mux

The input clock to the DSP PLL or (the DSP itself if the PLL is disabled) is selected by the
CLKIN mux which is controlled by the Cselect pin. The Cselect pin is sampled during the
DSP reset. The output of the DCLKIN mux is the DCLKIN signal and will be referenced fur-
ther in the remainder of this chapter.

3.7.2 Phase Detector and Charge Pump Loop Filter

The phase detector (PD) detects any phase difference between the external clock (DCLKIN)
and an internal clock phase from the frequency multiplier. At the point where there is negli-
gible phase difference and the frequency of the two inputs is identical, the DSP PLL is in the
locked state. The phase detector on the IMP PLL operates in a similar way.

The charge pump loop filter receives signals from the PD, and either increases or decreases
the phase based on the PD signals. An external capacitor is connected to the PCAP pin (de-
scribed in Section 3.8) and determines the DSP PLL operation. (See Section 14 Electrical
Characteristics for more detailed information on the DSP’s phase and frequency.)

After the DSP PLL locks on to the proper phase/frequency, it revents to the narrow band-
width mode, which is useful for tracking small changes due to frequency drift of the DCLKIN
clock.

3.7.3 Voltage Controlled Oscillator (VCO)

The VCO can oscillate at frequencies from the minimum speed specified in Section 14 Elec-
trical Characteristics (typically10 MHz) up to the device’s maximum allowed clock input fre-
quency. The VCO on the IMP PLL operates in a similar way.

3.7.4 Frequency Multiplier

Inside the DSP PLL, the frequency multiplier divides the VCO output frequency by its divi-
sion factor (n). If the frequency multiplier’s output frequency is different from the DCLKIN fre-
quency, the charge pump loop filter generates an error signal. The error signal causes the
VCO to adjust its frequency until the two input signals to the phase detector have the same
phase and frequency. At this point (phase lock) the VCO will be running at n times the
DCLKIN frequency, where n is the multiplication factor for the frequency multiplier. The pro-
grammable multiplication factor ranges from 1 to 4096. The VCO on the IMP PLL operates
in a similar way.

NOTE

If DSP PLL is enabled, the multiplication value must be large
enough to result in the VCO clock being greater than 10MHz.

3.7.5 Low Power Divider (LPD)

The Low Power Divider (LPD) divides the output frequency of the VCO by any power of 2
from 2% to 215, Since the LPD is not in the closed loop of the DSP PLL, changes in the divide
factor will not cause a loss of lock condition. This fact is particularly useful for utilizing the
LPD in low power consumption modes when the chip is not involved in intensive calcula-
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tions. This can result in significant power saving. When the chip is required to exit the low
power mode, it can immediately do so with no time needed for clock recovery or DSP PLL
lock.

3.7.6 DSP PLL Control Register (PCTL)

The DSP PLL control register (PCTL) is a 24-bit read/write register which directs the oper-
ation of the on-chip DSP PLL. It is mapped into the processor's internal X memory at
X:$FFFD. The PCTL control bits are described in the following sections.

11 10 9 8 7 6 5 4 3 2 1 0

MF11{MF10 |MF9 [MF8 |[MF7 |MFé |MF5 [MF4 [MF3 [ MF2 | MF1 [ MFO

23 22 21 20 19 18 17 16 15 14 13 12
*  |CKOS|CSRC|COD1|CODO| PEN |PSTP|XTLD| DF3 | DF2 | DF1 | DF0

+» Reserved bits, read as zero, should be written with zero for future compatibility.

Figure 3-6. DSP PLL Control Register (PCTL)

3.7.6.1 PCTL Multiplication Factor Bits (MFO-MF11) - Bits 0—11

The multiplication factor bits MFO-MF11 define the multiplication factor (MF) that will be ap-
plied to the DSP PLL input frequency. The MF can be any integer from 1 to 4096. Table 3-
3 shows how to program the MFO-MF11 bits. The VCO will oscillate at a frequency of
MF X Foy, Where Fgy is the DCLKIN clock frequency. The multiplication factor must be cho-
sen to ensure that the resulting VCO output frequency will be between 10Mhz and the max-
imum allowable clock frequency (see Section 14 Electrical Characteristics). Any time a new
value is written into the MFO—-MF11 bits, the DSP PLL will lose the lock condition. After a
time delay, the DSP PLL will relock.

Table 3-3 Multiplication Factor Bits MFO-MF1

MF11-MFo0 Multiplication Factor MF
$000 1
$001 2
$002 3
) P
)l >
$FFE 4095
$FFF 4096

3.7.6.2 PCTL Division Factor Bits (DF0-DF3) - Bits 12—15

The division factor bits DFO-DF3 define the divide factor (DF) of the low power divider.
These bits specify any power of two divide factor in the range from 2° to 215, Table 3-4
shows the programming of the DFO-DF3 bits. Changing the value of the DFO-DF3 bits will
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not cause a loss of lock condition. Whenever possible, changes of the operating frequency
of the chip (for example, to enter a low power mode) should be made by changing the value
of the DFO-DF3 bits rather than changing the MFO—-MF11 bits. For MF<4, changing DFO—
DF3 may lengthen the instruction cycle following the PLL control register update; this is done

“in order to keep synchronization between DCLKIN and the internal chip clock. For MF>4
such synchronization is not guaranteed and the instruction cycle is not lengthened. Note that
CKOUT is synchronized with the internal clock in all cases. The DF bits are cleared (division
by one) by hardware reset.

Table 3-4 Division Factor Bits DF0—-DF3

DF3-DFO Division Factor DF
$0 20
$1 2!
$2 22
P> P>
Y, X
$E ol4
$F 215

3.7.6.3 PCTL DXTAL Disable Bit (XTLD) - Bit 16

The DXTAL disable (XTLD) bit controls the on-chip crystal oscillator DXTAL output. When
XTLD is cleared, the XTAL output pin is active permitting normal operation of the crystal os-
cillator. Note that the Cselect pin must be strapped high during DSP reset to select the DSP
clock source as the DEXTAL pin. When XTLD is set, the DXTAL output pin is held in the
high (1) state, disabling the on-chip crystal oscillator. If the on-chip crystal oscillator is not
used (EXTAL is driven from an external clock source), it is recommended that XTLD be set
(disabling XTAL) to minimize RFI noise and power dissipation. The XTLD bit is cleared by
hardware reset.

3.7.6.4 PCTL STOP Processing State Bit (PSTP) - Bit 17

The PSTP bit controls the behavior of the DSP PLL and of the on-chip crystal osciliator dur-
ing the STOP processing state. When PSTP is set, the DSP PLL and the on-chip crystal os-
cillator will remain operating while the chip is in the STOP processing state, enabling rapid
recovery from the STOP state. When PSTP is cleared, the DSP PLL and the on-chip crystal
oscillator will be disabled when the chip enters the STOP processing. For minimal power
consumption during the STOP state, at the cost of longer recovery time, PSTP should be
cleared. To enable rapid recovery when exiting the STOP state, at the cost of higher power
consumption in the STOP state, PSTP should be set. PSTP is cleared by hardware reset.

3.7.6.5 PCTL PLL Enable Bit (PEN) - Bit 18

The PEN bit enables the DSP PLL operation. When this bit is set, the DSP PLL is enabled
and the internal clocks will be derived from the PLL VCO output. When this bit is cleared,
the DSP PLL is disabled and the internal clocks are derived directly from the DCLKIN clock.
When the DSP PLL is disabled, the VCO does not operate in order to minimize power con-
sumption. The PEN bit may be set by software but it cannot be reset by software. During
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hardware reset, this bit receives the value of the combination of the CSelect and MODCK1-
0 pins as described in Table 3-1. The only way to clear PEN is to hold these pins in the right
combination during hardware reset.

A relationship exists between PSTP and PEN where PEN adjusts PSTP’s control of the DSP
PLL operation. When PSTP is set and PEN (see Table 3-5) is cleared, the on-chip crystal
oscillator remains operating in the STOP state, but the DSP PLL is disabled. This power sav-
ing feature enables rapid recovery from the STOP state when the user operates the chip
with an on-chip oscillator and with the DSP PLL disabled.

Table 3-5 PSTP and PEN Relationship

Operation During STOP
PSTP PEN PLL Oscillator Recovery Power Consumption
0 X Disabled Disabled Long Minimal
1 0 Disabled Enabled Rapid Lower
1 1 Enabled Enabled Rapid Higher

3.7.6.6 PCTL Clock Output Disable Bits (COD0-COD1) - Bits 19-20

The CODO-COD1 bits control the output buffer of the clock at the CKOUT pin. Table 3-6
specifies the effect of COD0-COD1 on the CKOUT pin. When both CODO and COD1 are
set, the CKOUT pin is held in the high (1) state. If the CKOUT pin is not connected to exter-
nal circuits, it is recommended that both COD1 and CODO be set (disabling clock output) to
minimize RFI noise and power dissipation. If the CKOUT output is low at the moment the
CODQ-COD1 bits are set, it will complete the low cycle and then be disabled high. If the pro-
grammer re-enables the CKOUT output before it reaches the high logic level during the dis-
abling process, the CKOUT operation will be unaffected. The COD0-COD1 bits are cleared
by hardware reset.

Table 3-6 Clock Output Disable Bits COD0-COD1

coD1 cobDo CKOUT Pin
0 0 Clock Out Enabled, Full Strength Output Buffer
0 1 Clock Out Enabled, 2/3 Strength Output Buffer
1 0 Clock Out Enabled, 1/3 Strength Output Buffer
1 1 Clock Out Disabled

3.7.6.7 PCTL Chip Clock Source Bit (CSRC) - Bit 21

The CSRC bit specifies whether the clock for the chip is taken from the output of the VCO
or is taken from the output of the low power divider (LPD). When CSRC is set, the clock for
the chip is taken from the VCO. When CSRC is cleared, the clock for the chip is taken from
the output of the LPD. See 3.9.8 CKOUT Considerations for restrictions. CSRC is cleared
by hardware reset. '

3.7.6.8 PCTL CKOUT Clock Source Bit (CKOS) - Bit 22

The CKOS bit specifies whether the CKOUT clock output is taken from the output of the
VCO or is taken from the output of the LPD. When CKOS is set, the CKOUT clock output is
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3.7.6.8 PCTL CKOUT Clock Source Bit (CKOS) - Bit 22

The CKOS bit specifies whether the CKOUT clock output is taken from the output of the
VCO or is taken from the output of the LPD. When CKOS is set, the CKOUT clock output is
taken from the VCO. When CKOS is cleared, the CKOUT clock output is taken from the out-
put of the LPD. If the DSP PLL is disabled (PEN=0), CKOUT is taken from DCLKIN. See
3.9.8 CKOUT Considerations. CKOS is cleared by hardware reset.

3.7.6.9 PCTL Reserved Bit - Bit 23

This bit is reserved for future expansion. It reads as zero and should be written with zero for
future compatibility.

3.8 DSP PLL PINS
The following pins are dedicated to the DSP PLL operation:

PVCC—VCC Dedicated to the Analog DSP PLL Circuits.

The voltage should be well regulated and the pin should be provided with an extremely
low impedance path to the VCC power rail. PVCC should be bypassed to PGND by a
0.1UF capacitor located as close as possible to the chip package.

PGND—GND Dedicated to the Analog PLL Circuits.

The pin should be provided with an extremely low impedance path to ground. PVCC
should be bypassed to PGND by a 0.1UF capacitor located as close as possible to the
chip package.

PCAP—Off-Chip Capacitor for the PLL Filter.

One terminal of the capacitor is connected to PCAP while the other terminal is connected
to PVCC. The capacitor value is specified in Section 14 Electrical Characteristics.

CKOUT—Clock Out.

This output pin provides a 50% duty cycle output clock synchronized to the internal pro-
cessor clock when the DSP PLL is enabled and locked. When the DSP PLL is disabled,
the output clock at CKOUT is derived from, and has the same frequency and duty cycle
as DCLKIN.

NOTE

If the DSP PLL is enabled and the multiplication factor is less
than or equal to 4, then CKOUT is synchronized to DCLKIN.

3.9 DSP PLL OPERATION CONSIDERATIONS
The following paragraphs discuss DSP PLL operation considerations.
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3.9.1 Operating Frequency

The operating frequency of the chip is governed by the frequency control bits in the DSP
PLL control register as follows:

E _ FextxMF _ Fygo
CHP = " DF  ~ DF

where:  DF is the division factor defined by the DFO-DF3 bits

Fcnhip is the chip operating frequency

Fext is the external input frequency to the chip at the DCLKIN pin
Fyco is the output frequency of the VCO

MF is the multiplication factor defined by the MFO-MF11 bits

The chip frequency is derived from the output of the low power divider. If the low
power divider is bypassed, the equation is the same but the division factor should
be assumed to be equal to one.

3.9.2 Hardware Reset
Hardware reset causes the initialization of the DSP PLL. The following considerations apply:

1.

The MFO-MF11 bits in the PCTL register are set to their pre-determined hardware re-
set value (400) if Cselect=0 and MODCLK1-0=11. The DFO-DF3 bits and the chip
clock source bit in the PCTL register are cleared. The DCLKIN mux will be set to route
the IMP CLKIN source to the DSP PLL. This causes the chip clock frequency to be
equal to the external input frequency (DCLKIN) multiplied by the multiplication factor
defined by MFO-MF11(401). All other combinations of Cselect and MODCLK1-0 will
result in the PLL being disabled on DSP reset.

During hardware reset assertion, the PEN bit in the PCTL register is set only if Cse-
lect=0 and MODCLK1-0=11. If the PEN is set, the DSP PLL acquires the proper
phase/frequency. While hardware reset is asserted, the internal chip clock will be driv-
en by the DCLKIN source until the DSP PLL achieves lock (if enabled). If PEN is
cleared, the DSP PLL is deactivated and the internal chip clock is driven by the
DCLKIN source.

Proper operation of the DSP PLL cannot be guaranteed for VCO out frequencies of
less than 10 MHz. If the resulting VCO clock frequency would be less than the mini-
mum and the user wishes to operate with the DSP PLL enabled, the user should set
the MODCLK pins and the Cselect pins to an acceptable combination that will cause
the DSP PLL to be disabled initially after DSP reset (see Table 3-1). Then, after reset,
the user must issue an instruction which loads the PCTL control register with a multi-
plication factor that would bring the VCO frequency above 10 MHz and wouid enable
the DSP PLL operation. Until this instruction is executed, the DSP PLL is disabled,
which may cause a large skew (<15nsec) between the external input clock and the in-
ternal processor clock. If internal low frequency of operation is desired with the DSP
PLL enabled, the VCO output frequency may be divided down by using the internal
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low power divider.

3.9.3 Operation with DSP PLL Disabled

If the DSP PLL is disabled, the internal chip clock and CKOUT are driven from the DCLKIN
input.

3.9.4 Changing the MFO-MF11 Bits
Changes to the MFO-MF 11 bits cause the following to occur:

1. The DSP PLL will lose the lock condition.

2. The DSP PLL acquires the proper phase/frequency. Until this occurs, the internal chip
clock phases will be frozen. This ensures that the clock used by the chip is a clock that
has reached a stable frequency.

3. When lock occurs, the DSP PLL drives the internal chip clock and CKOUT.
4. While DSP PLL has not locked, CKOUT is held low.

3.9.5 Change of DF0-DF3 Bits

Changes to the DFO0-DF3 bits do not cause a loss of lock condition. The internal clocks will
immediately revert to the frequency prescribed by the new divide factor. For MF<4, chang-
ing DFO-DF3 may lengthen the instruction cycle or CKOUT pulse following the DSP PLL
control register update in order to keep synchronization between DCLKIN and the internal
chip clock. (Here, T3 is equal to the phase described by the new divide factor plus the time
required to wait for a synchronizing pulse, which is less than 1.5ETc.) For MF>4, such syn-
chronization is not guaranteed and the instruction cycle is not lengthened.

if the DFO-DF3 bits are changed by the same instruction that changes the MFO—~MF11 bits,
the LPD divider factor changes before the detection of the change in the multiplication factor.
This means that the detection of loss of lock will occur after the LPD has started dividing by
the new division factor. .

3.9.6 Loss of Lock

The DSP PLL distinguishes between cases where MF>4 and cases where MF<4. If MF<4,
the DSP PLL will detect loss of lock if a skew of 2.5 to 4.5 ns develops between the two clock
inputs to the phase detector.

If MF>4, the DSP PLL will detect loss of lock when there is a discrepancy of one clock cycle
between the two clock inputs to the phase detector.

3.9.7 STOP Processing State

If the PSTP bit is cleared, executing the STOP instruction will disable the on-chip crystal os-
cillator and the DSP PLL. In this state the chip consumes the least possible power. When
recovering from the STOP state, the recovery time will be 16 or 64k external clock cycles
(according to bit 6 in the operating mode register) plus the time needed for the DSP PLL to
achieve lock.
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programmer re-enables the CKOUT clock output before it reaches the high logic level during
the disabling process, the CKOUT operation will be unaffected.

While the DSP PLL is regaining lock, the CKOUT clock output remains at the same logic
level it held when the DSP PLL lost lock, which is when the clocks were frozen in the DSP.

When the chip enters the WAIT processing state, the core phases are disabled but CKOUT
continues to operate. When DSP PLL is disabled, CKOUT will be fed from DCLKIN.

If DF>1 and CKOS#CSRC, then the programmer must change either CKOS or CSRC be-
fore taking any action that causes the DSP PLL to lose and subsequently regain lock, such
as changing the multiplication factor, enabling DSP PLL operation, or recovering from the
STOP state with PSTP=0.

Any change of the CKOS or CSRC bits must be done while DF=1.

3.9.9 Synchronization Among DCLKIN, CKOUT, and the Internal Clock

Low clock skew between DCLKIN and CKOUT is guaranteed only if MF<4. The synchroni-
zation between CKOUT and the internal chip activity and Port A timing is guaranteed in all
cases where CKOS=CSRC and the bits have never differed from one another.

- 3.9.10 DSP Low Power Modes

The DSP has two different low power modes, the WAIT mode and the STOP mode.To bring
the DSP into low power operating states, the WAIT instruction or the STOP instruction is ex-
ecuted. The difference between the WAIT and STOP states is that in the wait state the os-
cillator is still running. In the stop state the oscillator is gated off, reducing power even more.

In the WAIT mode the DSP system clock is disconnected to all internal circuitry except the
internal peripherals. All internal processing is halted until one of the following occurs:

¢ An unmasked interrupt is detected from an internal peripheral or IRQ pin.
¢ The Debug Request pin of the OnCE is asserted

* The DSP is reset.
In the STOP mode all the internal peripherals are kept in their reset states and the clock os-
cillator is gated off. One of the following actions will wake up the DSP:

¢ Alow level on the IRQA pin.

* Alow level on the RESET pin.

* A low level on the DR pin.
Either of these actions will activate the oscillator. After a clock stabilization delay the proces-
sor and peripherals will be reneabled.
More information about stabilization delay is given in Section 14 Electrical Characteristics.

More information on wake up timing, both from wait and stop mode is discussed in the DSP
family manual referring to processing states.
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* Alow level on the RESET pin.
* A low level on the DR pin.

Either of these actions will activate the oscillator. After a clock stabilization delay the proces-
sor and peripherals will be reneabled.

More information about stabilization delay is given in Section 14 Electrical Characteristics.

More information on wake up timing, both from wait and stop mode is discussed in the DSP
family manual referring to processing states.
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SECTION 4
MC68000/MC68008 CORE

The IMP integrates a high-speed M68000 processor with multiple communications periph-
erals. The provision of direct memory access (DMA) control and link layer management with
the serial ports allows high throughput of data for communications-intensive applications,
such as basic rate Integrated Services Digital Network (ISDN).

The IMP can operate either in the full MC68000 mode with a 16-bit data bus or in the
MC68008 mode with an 8-bit data bus by tying the bus width (BUSW) pin low. UDS/AO0 func-
tions as A0 and LDS/DS functions as DS in the MC68008 mode.

NOTE

The BUSW pin is static and is not intended to be used for dy-
namic bus sizing. If the state of BUSW is changed during oper-
ation of the IMP, erratic operation may occur.

Refer to the MC68000UM/AD, M68000 8-/16-/32-Bit Microprocessors User's Manual, for
complete details of the on-chip microprocessor. Throughout this manual, references may
use the notation M68000, meaning all devices belonging to this family of microprocessors,
or the notation MC68000, MC68008, meaning the specific microprocessor products.

4.1 PROGRAMMING MODEL

The M68000 microprocessor executes instructions in one of two modes: user or supervisor.
The user mode provides the execution environment for most of the application programs.
The supervisor mode, which allows some additional instructions and privileges, is intended
for use by the operating system and other system software.

Shown in Figure 4-1, the M68000 core programming model offers 16, 32-bit, general-pur-
pose registers (D7-D0, A7-A0), a 32-bit program counter (PC), and an 8-bit condition code
register (CCR) when running in user space. The first eight registers (D7-D0) are used as
data registers for byte (8-bit), word (16-bit), and long-word (32-bit) operations. The second
set of seven registers (A6—A0) and the stack pointer (USP in user space) may be used as
software stack pointers and base address registers. In addition, the address registers may
be used for word and long-word operations. All 16 registers may be used as index registers.

MOTOROLA MC68356 USER’S MANUAL 4-1



MC68000/MC68008 Core

31 16 15 7 0
— j—
|- J—
—— —
T —
31 16 15 0
— —
L D —
31 0
31 0

31

7

]

The supervisor's programming model includes supplementary registers, including the su-
pervisor stack pointer (SSP) and the status register (SR) as shown in Figure 4-2. The SR
contains the interrupt mask (eight levels available) as well as the following condition codes:
overflow (V), zero (Z), negative (N), carry (C), and extend (X). Additional status bits indicate
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Figure 4-1. M68000 Programming Model

that the processor is in trace (T) mode and/or in a supervisor (S) state.
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Figure 4-2. M68000 Status Register

4.2 INSTRUCTION SET SUMMARY

The five data types supported by the M68000 on the IMP are bits, binary-coded decimal
(BCD) digits (4 bits), bytes (8 bits), words (16 bits), and long words (32 bits).

In addition, operations on other data types, such as memory addresses, status word data,
etc., are provided for in the instruction set. Shown in Table 4-1, the 14 flexible addressing
modes include six basic types:

* Register Direct
Register Indirect
e Absolute

* Immediate

¢ Program Counter Relative
¢ Implied

The capability to perform postincrementing, predecrementing, offsetting, and indexing is in-
cluded in the register indirect addressing modes. Program counter relative modes can also
be modified via indexing and offsetting.

The M68000 instruction set is shown in Table 4-2.
Some basic instructions also have variations as shown in Table 4-3.

Special emphasis has been placed on the instruction set to simplify programming and to
support structured high-level languages. With a few exceptions, each instruction operates
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on bytes, words, or long words, and most instructions can use any of the 14 addressing

modes.

Combining instruction types, data types, and addressing modes provides over 1000 useful
instructions. These instructions include signed and unsigned multiply and divide, quick arith-

metic operations, BCD arithmetic, and expanded operations (through traps).

44

Table 4-1. M68000 Data Addressing Modes

Mode

Generation

Register Direct Addressing
Data Register Direct
Address Register Direct

EA=Dn
EA= An

Absolute Data Addressing
Absolute Short
Absolute Long

EA = (Next Word)
EA = (Next Two Words)

Program Counter Relative Addressing
Relative with Offset
Relative with Index and Offset

EA= (PC) + d16
EA = (PC) + Xn + d8

Register Indirect Addressing
Register Indirect

Postincrement Register Indirect
Predecrement Register Indirect
Register Indirect with Offset
Indexed Register Indirect with Offset

EA = (An)

EA=(An), An <= An+ N
EA=« An-N, EA=(An)
EA = (An) + dyg

EA = (An) + (Xn) + dg

Immediate Data Addressing
Immediate
Quick Immediate

DATA = Next Word(s)
Inherent Data

Implied Addressing
Implied Register

EA = SR, USP, SSP, PC

NOTES:

1 for byte, 2 for word, and 4 for long word. If An is the stack pointer and the
operand size is byte, N = 2 to keep the stack pointer on a word boundary.

EA = Effective Address

An = Address Register

Dn = Data Register

Xn = Address or Data Register Used as an Index Register
SR = Status Register

PC = Program Counter

() = Contentsof

dg = 8-BitOffset (Displacement)
die = 16-Bit Offset (Displacement)
N H

P = Replaces
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Table 4-2. M68000 Instruction Set Summary

Mnemonic Description Mnemonic Description
ABCD Add Decimal with Extend
ADD Add MOVE Move Source to Destination
AND Logical AND MULS Signed Multiply
ASL Arithmetic Shift Left MULU Unsigned Multiply
ASR Arithmetic Shift Right
Bec Branch Conditionally
BCHG Bit Test and Change . .
BCLR Bit Tost and Clear NBCD Negate Decimal with Extend
NEG Negate
BRA Branch Always .
. NOP No Operation
BSET Bit Test and Set NOT Ones Complement
BSR Branch to Subroutine P
BTST Bit Test
CHK Check Register Against Bounds
CLR Clear Operand OR Logical OR
CMP Compare
DBcc Decrement and Branch Conditionally
DIVS Signed Divide PEA Push Effective Address
Divu Unsigned Divide
RESET Reset External Devices
ROL Rotate Left without Extend
. ROR Rotate Right without Extend
EOR Exclusive OR . ROXL Rotate Left with Extend
EXG Exchange Registers ROX - .
EXT Sign Extend R Rotate Right with E).<tend
RTE Return from Exception
RTR Return and Restore
RTS Return from Subroutine
SBCD Subtract Decimal with Extend
JMP Jump Scc Set Conditionally
JSR Jump to Subroutine STOP Stop
suB Subtract
SWAP Swap Data Register Halves
LEA Load Effective Address TAS Test and Set Operand
LINK Link Stack TRAP Trap
LSL Logical Shift Left TRAPV Trap on Overflow
LSR Logical Shift Right TST Test
UNLK Unlink
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Table 4-3. M68000 Instruction Type Variations

Ins;!'uctlon Variation Description
ype
) ADD Add
ADDA Add Address
ADD ADDQ Add Quick
ADDI Add Immediate
ADDX Add with Extend
AND Logical AND
AND ANDI And Immediate
ANDI to CCR And Immediate to Condition Codes
ANDI to SR And Immediate to Status Registers
CMP Compare
CMP CMPA Compare Addresses
CMPM Compare Memory
CMPI Compare Immediate
EOR Exclusive OR
EOR EORI Exclusive OR Immediate
EORIto CCR Exclusive OR Immediate to Condition Codes
EORI to SR Exclusive OR Immediate to Status Register
MOVE Move Source to Destination
MOVEA Move Address
MOVEM Move Multiple Register
MOVEP Move Peripheral Data
MOVE MOVEQ Move Quick
MOVE from SR | Move from Status Register
MOVE to SR Move to Status Register
MOVE to CCR Move to Condition Codes
MOVE USP Move User Stack Pointer
NEG Negate
NEG NEGX Negate with Extend
OR Logical OR
OR ORI OR Immediate
ORIl to CCR OR Immediate to Condition Codes
ORIl to SR OR Immediate to Status Register
suB Subtract
SUBA Subtract Address
suB SuBI Subtract Immediate
SuBQ Subtract Quick
SUBX Subtract with Extend
4.3 ADDRESS SPACES

The M68000 microprocessor operates in one of two privilege states: user or supervisor. The
privilege state determines which operations are legal, which operations are used by the ex-
ternal memory management device to control and translate accesses, and which operations
are used to choose between the SSP and the USP in instruction references. The M68000
address spaces are shown in Table 4-4.

In the M68000 Family, the address spaces are indicated by function code pins. On the
M68000, three function code pins are output from the device on every bus cycle of every
executed instruction. This provides the purpose of each bus cycle to external logic.
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Other bus masters besides the M68000 may also output function codes during their bus cy-
cles. On the IMP, this capability is provided for each potential internal bus master (i.e., the
IDMA, SDMA, and DRAM refresh units). Also on the IMP, provision is made for the decoding
of function codes that are output from external bus masters (e.g., in the chip-select genera-
tion logic).

In computer design, function code information can be used to protect certain portions of the
address map from unauthorized access or even to extend the addressable range beyond
the M68000 16-Mbyte address limit. However, in controller applications, function codes are
used most often as a debugging aid. Furthermore, in many controller applications, the
M68000 stays continuously in the supervisor state.

Table 4-4. M68000 Address Spaces

Function Code Output
FC2 FC1 FCO Reference Class

Supervisor Program

1 0 0 (Unassigned)
0 0 1 User Data

0 1 0 User Program
0 1 1 (Unassigned)

1 0 0 (Unassigned)

1 0 1 Supervisor Data
1 1 0

1 1 1

CPU Space*

* This is the function code output for the M68000 interrupt
acknowledge cycle.

All exception processing occurs in the supervisor state, regardless of the state of the S bit
when the exception occurs. The bus cycles generated during exception processing are clas-
sified as supervisor references. All stacking operations during exception processing use the
SSP.

The user state is the lower state of privilege. For instruction execution, the user state is de-
termined by the S bit of the SR; if the S bit is negated (low), the processor is executing in-
structions in the user state. Most instructions execute identically in either user state or
supervisor state. However, instructions having important system effects are privileged. User
programs are not permitted to execute the STOP instruction or the RESET instruction. To
ensure that a user program cannot enter the supervisor state except in a controlled manner,
the instructions which modify the entire SR are privileged. To aid in debugging programs to
be used in operating systems, the move-to-user-stack-pointer (MOVE to USP) and move-
from-user-stack-pointer (MOVE from USP) instructions are also privileged.

The supervisor state is the highest state of privilege. For instruction execution, the supervi-
sor state is determined by the S bit of the SR; if the S bit is asserted (high), the processor is
in the supervisor state. The bus cycles generated by instructions executed in the supervisor
state are classified as supervisor references. While the processor is in the supervisor privi-
lege state, those instructions using either the system stack pointer implicitly or address reg-
ister seven explicitly access the SSP.
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Once the processor is in the user state and executing instructions, only exception process-
ing can change the privilege state. During exception processing, the current state of the S
bit in the SR is saved and the S bit is asserted, putting the processor in the supervisor state.
Therefore, when instruction execution resumes at the address specified to process the ex-
ception, the processor is in the supervisor privilege state. The transition from the supervisor
to user state can be accomplished by any of four instructions: return from exception (RTE),
move to status register (MOVE to SR), AND immediate to status register (ANDI to SR), and
-exclusive OR immediate to status register (EORI to SR).

4.4 EXCEPTION PROCESSING

The processing of an exception occurs in four steps, with variations for different exception
causes. During the first step, a temporary copy of the SR is made, and the SR is set for ex-
ception processing. During the second step, the exception vector is determined; during the
third step, the current processor context is saved. During the fourth step, a new context is
obtained, and the processor switches to instruction processing.

4.4.1 Exception Vectors

Exception vectors are memory locations from which the processor fetches the address of a
routine to handle that exception. All exception vectors are two words long except for the re-
set vector, which is four words. All exception vectors lie in the supervisor data space except
for the reset vector, which is in the supervisor program space. A vector number is an 8-bit
number which, when multiplied by four, gives the offset of the exception vector. Vector num-
bers are generated internally or externally, depending on the cause of the exception. In the
case of interrupts, during the interrupt acknowledge bus cycle, a peripheral may provide an
8-bit vector number to the processor on data bus lines D7-D0. Alternatively, the peripheral
may assert autovector (AVEC) instead of data transfer acknowledge (DTACK) to request an
autovector for that priority level of interrupt. The exception vector assignments for the
M68000 processor are shown in Table 4-5.

Table 4-5. M68000 Exception Vector Assignment

I\}(f ;rerr Decimal Ad:;ss Space Assignment
0 0 000 SP Reset: Initial SSP?
1 4 004 SP Reset: Initial PC?

2 8 008 SD Bus Error

3 12 00C SD Address Error

4 16 010 SD lllegal Instruction

5 20 014 sD Zero Divide

6 24 018 sD CHK Instruction

7 28 01C sSD TRAPV Instruction
8 32 020 sSD Privilege Violation
9 36 024 SD Trace

10 40 028 SD Line 1010 Emulator
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Table 4-5. M68000 Exception Vector Assignment

11 44 02C Sb Line 1111 Emulator
121 48 030 sD (Unassigned, Reserved)
131 52 034 sD (Unassigned, Reserved)
141 56 038 sD (Unassigned, Reserved)
15 60 03C SD Uninitialized Interrupt Vector
16-231 o 949 S0 (Unassigned, Reserved)
92 05C SD
24 96 060 SD . | Spurious lnterrupt3
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 sSD Level 6 Interrupt Autovector
31 124 07C SD Level 7 Interrupt Autovector
128 080 SD
32-47 o8 P 0 TRAP Instruction Vectors?
48-631 192 90 D (Unassigned, Reserved)
255 OFC SD
64-255 2% 199 =D User Interrupt Vectors
1020 3FC sD
NOTES:

1. Vector numbers 12-14, 16—23, and 48-63 are reserved for future enhancements by Motorola
(with vectors 60—63 being used by the IMP (see 5.1 IMP Configuration Control)). No user
peripheral devices should be assigned these numbers.

2. Unlike the other vectors which only require two words, reset vector (0) requires four words and is
located in the supervisor program space.

3. The spurious interrupt vector is taken when there is a bus error indication during interrupt
processing.

4. TRAP # n uses vector number 32 + n.

4.4.2 Exception Stacking Order

Exception processing saves the most volatile portion of the current processor context on top
of the supervisor stack. This context is organized in a format called the exception stack
frame. The amount and type of information saved on the stack is determined by the type of
exception. The reset exception causes the M68000 to halt current execution and to read a
new SSP and PC as shown in Table 4-5. A bus error or address error causes the M68000
to store the information shown in Figure 4-3. The interrupts, traps, illegal instructions, and
trace stack frames are shown in Figure 4-4.
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IR/WII/NI FC

ACCESS ADDRESS HIGH

ACCESS ADDRESS LOW

INSTRUCTION REGISTER

STATUS REGISTER

PROGRAM COUNTER HIGH

PROGRAM COUNTER LOW

R/W (read/write): write = 0, read = 1
I/N (instruction not): instruction = 0, not =1
FC: Function Code

Figure 4-3. M68000 Bus/Address Error Exception Stack Frame

EVEN BYTE ODDBYTE
7 0 7 0
15 9 HiGHER
ADDRESS
] — STATUS REGISTER
PROGRAM COUNTER HIGH
PROGRAM COUNTER LOW
Y

Figure 4-4. M68000 Short-Form Exception Stack Frame

NOTE
The IMP uses the exact same exception stack frames as the
MC68000.

For exception processing times and instruction execution times,

refer to MC68000UM/AD, 8-/16-/32-Bit Microprocessor User's
Manual.
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4.5 INTERRUPT PROCESSING

Seven interrupt levels are provided by the M68000 core. If the IMP's interrupt controller is
placed in the normal mode, six levels are available to the user. If the interrupt controller is in
the dedicated mode, three levels are available to the user. In either mode, level 4 is reserved
for the on-chip peripherals. Devices may be chained externally within one of the available
priority levels, allowing an unlimited number of external peripheral devices to interrupt the
processor. The SR contains a 3-bit mask indicating the current processor priority level. In-
terrupts are inhibited for all priority levels less than or equal to the current processor priority
(see Figure 4-2).

An interrupt request is made to the processor by encoding the request on the interrupt re-
quest lines (normal mode) or by asserting the appropriate request line (dedicated mode).
Rather than forcing immediate exception processing, interrupt requests arriving at the pro-
cessor are made pending to be detected between instruction executions.

If the priority of the pending interrupt is lower than or equal to the current processor priority,
execution continues with the next instruction, and the interrupt exception processing is post-
poned.

If the priority of the pending interrupt is greater than the current processor priority, the ex-
ception processing sequence is started. A copy of the SR is saved, the privilege state is set
to supervisor state, tracing is suppressed, and the processor priority level is set to the level
of the interrupt being acknowledged. The processor fetches the vector number from the in-
terrupting device, classifying the reference as an interrupt acknowledge on the address bus.
If external logic requests automatic vectoring (via the AVEC pin), the processor internally
generates a vector number determined by the interrupt level number. If external logic indi-
cates a bus error, the interrupt is considered spurious, and the generated vector number ref-
erences the spurious interrupt vector number.

4.6 M68000 SIGNAL DIFFERENCES

The MC68000 core supports one additional signal not visible on the standard M68000:
RMC. Asserted externally on read-modify-write cycles, the RMC signal is typically used as
a bus lock to ensure integrity of instructions using the locked read-modify-write operation of
the test and set (TAS) instruction. The RMC signal from the M68000 core is applied to the
IMP arbiter and can be programmed to prevent the arbiter from issuing bus grants until the
completion of an MC68000-core-initiated read-modify-write cycle.

The IMP can be programmed to use the RMC signal to negate address strobe (AS) at the
end of the read portion of the cycle and assert AS at the beginning of the write portion of the
cycle (See 6.7.3 System Control Bits).

Two M68000 signals are omitted from the IMP: valid memory address (VMA) and enable
(E). The valid peripheral address (VPA) signal is retained, but is only used on the IMP as
AVEC to direct the core to use an autovector during interrupt acknowledge cycles.
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SECTION 5
MEMORY MAP

This section includes tables that show the registers of the IMP portion of the MC68356. All
of the registers are memory mapped into the 68000 space.

5.1 IMP CONFIGURATION CONTROL

Four reserved entries in the external M68000 exception vector table (see Table 4-5) are
used as addresses for internal system configuration registers. These entries are at locations
$0F0, $0F4, $0F8, and $OFC. See Table 5-1, System Configuration Registers. :

The BAR entry contains the BAR described in this section. The SCR entry contains the SCR
described in Section 6 System Integration Block (SIB).

Figure 5-1 shows all the IMP on-chip addressable locations and how they are mapped into
system memory. o

The on-chip peripherals, including those peripherals in both the CP and SIB, require a 4K-
byte block of address space. This 4K-byte block location is determined by writing the intend-
ed base address to the BAR in supervisor data space (FC = 5).

After a total system reset, the on-chip peripheral base address is undefined, and it is not
possible to access the on-chip peripherals at any address until BAR is written. The BAR and
the SCR can always be accessed at their fixed addresses.

NOTE

The BAR, SCR and CCR registers are internally reset only when
a total system reset occurs by the simultaneous assertion of RE-
SET and HALT. The chip-select (CS) lines are not asserted on
accesses to these locations. Thus, it is very helpful to use CS
lines to select external ROM/RAM that overlaps the BAR and
SCR register locations, since this prevents potential bus conten-
tion. (The internal access (IAC) signal may also be used to pre-
vent bus contention.)

NOTE

In 8-bit system bus operation, IMP accesses are not possible un-
til the low byte of the BAR is written. Since the MOVE.W instruc-
tion writes the high byte followed by the low byte, this instruction
guarantees the entire word is written.

MOTOROLA MC68356 USER’S MANUAL 5-1



Memory Map

$0
MC68356
VECTOR
$0FO0 PITR
$OF2 BAR ENTRY 256 VECTOR
N ENTRIES
$0F4 SCR ENTRY \ $3FF
\
$0F7 WAKE-UP AN
\
$OF8 IMP PLL \
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$OFA | IMP MODE CONTROL \ POINTS
\  TOTHE
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‘ PARAMETER RAM
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BASE + $800
INTERNAL
REGISTERS
BASE + $FFF
$FFFFFF

Figure 5-1. IMP Configuration Control

Do not assign other devices on the system bus an address that falls within the address
range of the peripherals defined by the BAR. If this happens, BERR is generated (if the ad-
dress decode conflict enable (ADCE) bit is set) and the address decode conflict (ADC) bit in
the SCR is set.

The BAR is a 16-bit, memory-mapped, read-write register consisting of the high address
bits, the compare function code bit, andthe function code bits. Upon a total system reset, its
value may be read as $BFFF, but its value is not valid until written by the user. The address
of this register is fixed at $0F2 in supervisor data space. BAR cannot be accessed in user
data space.
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cFe BASE ADDRESS
Fe2-FCo 23 22 21 20 19 18 17 16 15 14 13 12

Bits 15—-13—FC2-FCO0
Bits 15—13 of the BAR contain the FC2—FCO field. These bits are used to set the address
space of 4K-byte block of on-chip peripherals. The address compare logic uses these bits,
dependent upon the CFC bit, to cause an address match within its address space.

NOTE

Do not assign this field to the M68000 core interrupt acknowl-
edge space (FC2~-FCO0 = 7).

CFC—Compare Function Code
0 = The FC bits in the BAR are ignored. Accesses to the IMP 4K-byte block occur with-
‘out comparing the FC bits.
1 = The FC bits in the BAR are compared. The address space compare logic uses the
FC bits to detect address matches.

Bits 11-0—Base Address
The high address field is contained in bit 11-0 of the BAR. These bits are used to set the
starting address of the dual-port RAM. The address compare logic uses only the most sig-
nificant bits to cause an address match within its block size.

5.2 SYSTEM CONFIGURATION REGISTERS

Four entries in the M68000 exception vectors table (located in low RAM) are reserved for
the addresses of system configuration registers (see Table 5-1). These registers have sev-
en addresses within $0F0-$OFF. The MC68356 uses one of the IMP 32-bit reserved spaces
for 3 registers added for the MC68356. These registers are used to control the PLL, clock
generation and low power modes. See Section 3 Clock Generation and Low Power Control
for more details.

Table 5-1. System Configuration Registers

Address Name Width Description Reset Value
$0F0 PITR | 16 Periodic Interrupt Timer Register 0000
$0F2 BAR 16 Base Address Register BFFF
$0F4 SCR 24 System Control Register 0000 OF
$0F7 IWUCR 8 IMP Wake-Up Control Register 00
$0F8 IPLCR 16 IMP_PLL Control Register

$OFA IOMCR 8 IMP Operations Mode Control Register 00
$0FB IPDR 8 IMP Power Down Register 00
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The internal 1176-byte dual-port RAM has 576 bytes of system RAM (see Table 5-2) and
576 bytes of parameter RAM (see Table 5-3).

Table 5-2. System RAM

Address Width Block Description

Base + 000

. 576 Bytes RAM User Data Memory
Base + 23F
Base +240

: Reserved

. (Not Implemented)
Base + 3FF

The parameter RAM contains the buffer descriptors for each of the three SCC channels,
the 16550 channel, the SCP, and the two SMC channels. The memory structures of the three
SCC channels are identical. When any SCC, SCP, or SMC channel buffer descriptors or pa-
rameters are not used, their parameter RAM area can be used for additional memory. For
detailed information about the use of the buffer descriptors and protocol parameters in a
specific protocol, see Section 7 Communications Processor (CP). Base + 67E contains the

MC68356 revision number.

Table 5-3. Parameter RAM

Address Width Block Description
Base + 400 4 Word SCC1 Rx BD 0
Base + 408 4 Word SCC1 Rx BD 1
Base + 410 4 Word SCC1 RxBD 2
Base + 418 4 Word SCC1 RxBD 3
Base + 420 4 Word SCC1 RxBD 4
Base + 428 4 Word SCCH RxBD 5
Base + 430 4 Word SCC1 RxBD 6
Base + 438 4 Word SCC1 RxBD 7
Base + 440 4 Word SCC1 TxBD O
Base + 448 4 Word SCC1 TxBD 1
Base + 450 4 Word SCC1 TxBD 2
Base + 458 4 Word SCC1 TxBD 3
Base + 460 4 Word SCC1 TxBD 4
Base + 468 4 Word SCC1 TxBD 5
Base + 470 4 Word SCC1 TxBD 6
Base + 478 4 Word SCC1 TxBD7
Base + 480 SCC1

. Specific Protocol Parameters
Base + 4BF SCC1
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Table 5-3. Parameter RAM

Base + 4C0
: Reserved
. (Not Implemented)
Base + 4FF
Base + 500 4 Word SCC2, 16550 RxBD 0
Base + 508 4 Word SCC2, 16550 BxBD 1
Base + 510 4 Word SCC2, 16550 RxBD 2
Base + 518 4 Word SCC2, 16550 RxBD 3
Base + 520 4 Word SCC2, 16550 Rx BD 4
Base + 528 4 Word SCC2, 16550 RxBD 5
Base + 530 4 Word SCC2, 16550 RxBD 6
Base + 538 4 Word SCC2, 16550 BRxBD 7
Base + 540 4 Word SCC2, 16550 TxBD O
Base + 548 4 Word SCC2, 16550 TxBD 1
Base + 550 4 Word SCC2, 16550 TxBD 2
Base + 558 4 Word SCC2, 16550 TxBD 3
Base + 560 4 Word SCC2, 16550 TxBD 4
Base + 568 4 Word SCC2, 16550 TxBD5
Base + 570 4 Word SCC2, 16550 Tx BD 6/DRAM Refresh
Base + 578 4 Word SCC2, 16550 Tx BD 7/DRAM Refresh
Base + 580 SCC2
. Specific Protocol Parameters
Base + 5BF Sccec2
Base + 5C0O
: Reserved
. (Not Implemented)
Base + 5FF
Base + 600 4 Word SCC3 Rx BD 0
Base + 608 4 Word SCC3 Rx BD 1
Base + 610 4 Word SCC3 Rx BD 2
Base + 618 4 Word SCC3 RxBD 3
Base + 620 4 Word SCC3 Rx BD 4
Base + 628 4 Word Scecs3 Rx BD 5
Base + 630 4 Word SCC3 RxBD 6
Base + 638 4 Word SCC3 RxBD 7
Base + 640 4 Word SCC3 TxBD 0O
Base + 648 4 Word SCC3 TxBD 1
Base + 650 4 Word SCC3 TxBD2
Base + 658 4 Word SCC3 TxBD 3 ##
Base + 660 3 Word SMC Reserved
Base + 666 Word SMC1 Rx BD
Base + 668 Word SMC1 Tx BD
Base + 66A Word SMcC2 Rx BD
Base + 66C Word SMC2 Tx BD
Base + 66E # 6 Word SMC1-SMC2 Internal Use
Base + 67A Word SCP Rx/Tx BD
Base + 67C Word SCC1-SCC3 BERR Channel Number
Base + 67E # Word cP MC68356 Revision Number
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Table 5-3. Parameter RAM

Base + 680 SCC3
. Specific Protocol Parameters
.
Base + 6BF SCC3
Base + 6C0
: Reserved
. (Not Implemented)
Base + 7FF

# Modified by the CP after a CP or system reset.

## Tx BD 4, 5, 6, and 7 are not initially available to SCC3. (7.5.6Buffer Descriptors Table for

information on how they may be regained.)

In addition to the internal dual-port RAM, a number of internal registers support the functions
of the various M68000 core peripherals. The internal registers (see Table 5-4) are memory-
mapped registers offset from the BAR pointer and are located on the internal M68000 bus.

NOTE

All undefined and reserved bits within registers and parameter
RAM values written by the user in a given application should be
written with zero to allow for future enhancements to the device.
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5.3 INTERNAL REGISTERS MAP
Table 5-4. Internal Registers Map

Address Name Width Block Description Reset Value
68356 Base + 800 RES 16 IDMA Reserved 0000
68356 Base + 802 CMR 16 IDMA Channel Mode Register XXXX XXXX
68356 Base + 804 SAPR 32 IDMA Source Address Pointer XXXX XXXX
68356 Base + 808 DAPR 32 IDMA Destination Address Pointer XXXX
68356 Base + 80C BCR 16 IDMA Byte Count Register 00
168356 Base + 80E CSR 8 IDMA Channel Status Register
68356 Base + 80F RES 8 IDMA Reserved
68356 Base + 810 FCR 8 IDMA Function Code Register XX
68356 Base + 811 RES 8 IDMA Reserved
68356 Base + 812 # GIMR 16 Int Cont Global Interrupt Mode Register 0000
1 68356 Base + 814 IPR 16 Int Cont Interrupt Pending Regiéter. 0000
68356 Base + 816 IMR 16 Int Cont Interrupt Mask Register 0000
1 68356 Base + 818 ISR 16 Int Cont In-Service Register 0000
68356 Base + 81A RES 16 Int Cont Reserved
68356 Base + 81C RES 16 Int Cont Reserved
68356 Base + 81E # PACNT 16 PIO Port A Control Register 0000
68356 Base + 820 # PADDR 16 PIO Port A Data Direction Register 0000
68356 Base + 822 # PADAT 16 PIO Port A Data Register XXXX #it
68356 Base + 824 # PBCNT 16 PIO Port B Control Register 0080
68356 Base + 826 # PBDDR 16 PIO Port B Data Dirsction Register 0000
68356 Base + 828 # PBDAT 16 PIO Port B Data Register XXXX #i#
68356 Base + 82A LPDCR 8 PIO Low Power Drive Control Register 00
68356 Base + 82C PPR 8 Ccs PCMCIA protection register 0000
68356 Base + 82E RES 16 Cs Reserved
68356 Base + 830 # BRO 16 CSo Base Register 0 C001
68356 Base + 832 # ORo 16 Cso Option Register 0 DFFD
68356 Base + 834 # BR1 16 CS1 Base Register 1 Coo0
68356 Base + 836 # OR1 16 CSs1 Option Register 1 DFFD
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Table 5-4. Internal Registers Map

Address Name Width Block Description Reset Value
68356 Base + 838 # BR2 16 CSs2 Base Register 2 C000
68356 Base + 83A # OR2 16 Cs2 Option Register 2 DFFD
68356 Base + 83C # BR3 16 CSs3 Base Register 3 C000
68356 Base + 83E # OR3 16 CSs3 Option Register 3 DFFD
68356 Base + 840 TMR1 16 Timer Timer Unit 1 Mode Register 0000
68356 Base + 842 TRR1 16 Timer Timer Unit 1 Reference Register FFFF
68356 Base + 844 TCR1 16 Timer Timer Unit 1 Capture Register 0000
68356 Base + 846 TCN1 16 Timer Timer Unit 1 Counter 0000
68356 Base + 848 RES .8 Timer Reserved
1 68356 Base + 849 TER1 8 Timer Timer Unit 1\Event Register 00
68356 Base + 84A WRR 16 WD Watchdog Reference Register FFFF
68356 Base + 84C WCN 16 WD Watchdog Counter 0000
68356 Base + 84E RES 16 Timer Reserved
68356 Base + 850 TMR2 16 Timer Timer Unit 2 Mode Register 0000
68356 Base + 852 TRR2 16 Timer Timer Unit 2 Reference Register FFFF
68356 Base + 854 TCR2 16 Timer Timer Unit 2 Capture Register 0000
68356 Base + 856 TCN2 16 Timer Timer Unit 2 Counter " 0000
68356 Base + 858 RES Timer Reserved
| 68356 Base +}859 TER2 8 Timer Timer Unit 2 Event Register 00
68356 Base + 85A RES 16 Timer Reserved
68356 Base + 85C RES 16 Timer Reserved
68356 Base + 85E RES 16 Timer Reserved
68356 Base + 860 CR 8 CcP Command Register 00

e
68356 Base + 870 COR 8 Int Cont Configuration Option Register 00
68356 Base + 871 CCSR 8 Int Cont ggrg?s%c;nﬁguration and Status 00
68356 Base + 872 PRR 8 Int Cont Pin Replacement Register 00
68356 Base + 873 PSCR 8 Int Cont Socket and Copy Register XX
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Table 5-4. Internal Registers Map

Address Name Width Block Description Reset Value
68356 Base + 874 IOEIR 8 Int Cont I/O Event Indication register 00
68356 Base + 875 RES1 8 Reserved1 00
68356 Base + 876 RES2 8 Reserved2 00
68356 Base + 877 RES3 8 Reserved3 00

e ——— - - S S

68356 Base + 880 RES 16 SCC1 Reserved
68356 Base + 882 SCON1 16 SCC1 SCC1 Configuration Register 0004
68356 Base + 884 SCM1 16 SCC1 SCC1 Mode Register 0000
68356 Base + 886 DSR1 16 SCC1 SCC1 Data Sync. Register 7E7E
168356 Base + 888 SCCE1 8 | SccCi SCC1 Event Register 00
68356 Base + 889 RES 8 SCC1 Reserved
68356 Base + 88A SCCM1 8 SCCi1 SCC1 Mask Register 00
68356 Base + 88B RES 8 SCC1 Reserved
68356 Base + 88C SCCSs1 8 SCC1 SCC1 Status Register 00
68356 Base + 88D RES 16 SCCi1 Reserved
68356 Base + 88E RES 16 SCC1 Reserved
68356 Base + 890 RES 16 SCC2 Reserved

‘ 68356 Base + 892 SCON2 16 SCC2 SCC2 Configuration Register 0004
68356 Base + 894 Scie, 16 1355?5% SCC2,16550 Mode Register 0000
68356 Base + 896 DSR2 16 ?(50’5?53 SCC2 Data Sync. Register 7E7E
| 68356 Base + 898 S(E3505EO2, 16 1SGCS?5?J gg?2,16550 Emulation EventReg- [ og00
68356 Base + 899 RES 8 SCC2 Reserved
68356 Base + 89A | “pichizs 8 502 | 5CC2,16550 Mask Register 00
68356 Base + 89B RES 8 SCC2 Reserved
68356 Base + 89C S(S)5CsSo2, 16 18605212) %gggt,gfsso Emulation Status 0000
68356 Base + 89D RES 16 SCC2 Reserved
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Table 5-4. Internal Registers Map

Address Name Width Block Description Reset Value
68356 Base + 89E RES 16 SCC2 Reserved
SCc2 . .
68356 Base + 89A M550 16 16550 16550 Emulation Mask Register 0000
68356 Base + 8A0 RES 16 SCC3 Reserved
68356 Base + 8A2 SCON3 16 SCC3 SCC3 Configuration Register 0004
68356 Base + 8A4 SCM3 16 SCC3 SCC3 Mode Register 0000
68356 Base + 8A6 DSR3 16 SCC3 SCC3 Data Sync. Register 7E7E
| 68356 Base + 8A8 SCCE3 8 SCC3 SCC3 Event Register 00
68356 Base + 8A9 RES 8 SCC3 Reserved
68356 Base + 8AA SCCM3 8 SCC3 SCC3 Mask Register 00
68356 Base + 8AB RES 8 SCC3 Reserved
68356 Base + 8AC SCCS3 8 SCC3 SCC3 Status Register 00
68356 Base + 8AD RES 8 SCC3 Reserved
68356 Base + 8AE RES 16 SCC3 Reserved
68356 Base + 880 | SPMODE | 16 SCM RotistoC Mode and Clock Control | 9900
68356 Base+ 8B2# | SIMASK 16 sl Serial Interface Mask Register FFFF
68356 Base + 8B4 # SIMODE 16 Sl Serial Interface Mode Register 0000
68356 Base + 8B6 Reserved
68356 Base + 8BF
68356 Base + 8C0 PCMR 24 PCMCIA PCMCIA Mode Register 000000
PCMCIA Configuration Registers
68356 Base + 8C4! | PCRWER 8 PCMCIA | \wiite Event Re%ister 9 00
168356 Base+ 8C5! | PCAWER | 8 POMCIA | ROMGIA Access Wake-up Event | g
PCMCIA Configuration Registers
68356 Base + 8C6 | PCRWMR 8 PCMCIA Write Mask Register g 00
68356 Base +8C7 | PCAWMR | 8 | PcMcia | RSMGIAAccess WakeupMask | g9
168356 Base + 8C8! PCHER 8 PCMCIA PCMCIA Host (PC) Event Register | 00
68356 Base + 8CC CISBAR 16 PCMCIA CIS Base Address Register 0000
Common Memory Space Base Ad-
68356 Base + 8D0 | CMBART 16 PCMCIA | Gt Registeri” —F 0000
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Table 5-4. Internal Registers Map

Address Name Width Block Description Reset Value

Common Memo| ‘S ace Base Ad-
PCMCIA dress Register2ry P 0000

68356 Base + 8D4 CMBAR2 16

68356 Base + 8E0 PUCR 8 Pull-Up Control Register 00
68356 Base + 8E2 PCDDR 8 Port C Data Direction Register 00
68356 Base + 8E4 PCDAT 8 Port C Data Register XX#H#
68356 Base + 8E6 PDDAT 16 Port D Data Register XXXX*
68356 Base + 8ES HBAR 16 DSP Host Port Base Address Reg- | 9900
DSP Host Port Configuration Op-
68356 Base + 8EA HCOR 8 tion Register 9 P 00
68356 Base + 8EC Reserved
68356 Base + 8EE |  DISC 16 RN ection,and Serial 0000
68356 Base + 8F0 EMR 16 16550 16550 Emulation Mode Register 0000
68356 Base + 8F2 LCR 8 16550 | 16550 Emulation Line Control Reg- | g9
68356 Base + 8F3 MSR 8 16550 | {9500 Emulation Modem Status | - go
68356 Base + 8F4 DLM 8 16550 (‘,3358‘; Emulation Divisor Latch XX
68356 Base + 8F5 DLL 8 16550 1588y Emutation Divisor Latch XX
68356 Base + 8F6 LSR 8 16550 | 16550 Emulation Line Status Reg- | oo

68356 Base + 8F7
Reserved (Not implemented)

68356 Base + FFF

# Reset only upon total system reset. (RESET and HALT assert together), but not on the execution of an
M68000 RESET instruction. See the RESET pin description for details.

## The output latches are undefined at total system reset.

! Event register with special properties (see 5.4 Event Registers).

5.4 EVENT REGISTERS

The IMP contains a few special registers that are designed to report events to the user. They
are the channel status register (CSR) in the independent DMA, the interrupt pending register
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(IPR) and interrupt in-service register (ISR) in the interrupt controller, the timer event register
1 (TER?1) in timer 1, the TER2 in timer 2, serial communication controlier event register 1
(8CCE1) in SCC1, SCCE2 in SCC2, SCCE3 in SCC3, the PCRWER, PCAWER, PCHER in
the PCMCIA controller and the E550 in the 16550 controller. Events in these register are
always reported by a bit being set.

During the normal course of operation, the user software will clear these events after recog-
nizing them. To clear a bit in one of these registers, the user software must WRITE A ONE
TO THAT BIT. Writing a zero has no effect on the register. Thus, in normal operation, the
hardware only sets bits in these registers; whereas, the software only clears them.

This technique prevents software from inadvertently losing the indication from an event bit
that is set by the hardware between the software read and the software write of this register.

All these registers are cleared after a total system reset (RESET and HALT asserted togeth-
er) and after the M68000 RESET instruction. Also some of the blocks (IDMA, timer1, timer2,
and communication processor) have a reset (RST) bit located in a register in that block. This
RST bit will reset that entire block, including any event registers contained therein.

Examples:
1. To clear bit 0 of SCCE1, execute “MOVE.B #$01,SCCE1”
2. Toclear bits 0 and 1 of SCC1, execute “MOVE.B #$03,SCCE1”
3. To clear all bits in SCCE1, execute “MOVE.B #$ff, SCCE1”

where SCCE1 is equated to the actual address of SCCE1.

NOTE

DO NOT use read-modify-write instructions to clear bits in an
event register, or ALL bits in that register will inadvertently be
cleared. Read-modify-write instructions include BSET, BCLR,
AND, OR, etc. These instructions read the contents of a location,
perform an operation, and write the result back, leaving the rest
of the bits unchanged. Thus, if a bit is a one when read, it will be
written back with a one, clearing that bit. For example, the in-
struction “BSET.B #0,SCCE1” will actually clear ALL bits in
SCCEH1, not just bit 0.
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SECTION 6
SYSTEM INTEGRATION BLOCK (SIB)

The MC68356 contains an extensive SIB that simplifies the job of both the hardware and
software designer. Most of the features are taken from the MC68302 without change, fea-
tures that have been added are highlighted in bold text.

The independent direct memory access (IDMA) controller relieves the hardware designer of G
the extra effort and board logic needed to connect an external DMA controller. The interrupt
controller can be used in a dedicated mode to generate interrupt acknowledge signals with-

out external logic. Also, the chip-select signals, their associated wait-state logic and the ad-

dition of the new WE and OE signals allow a glueless interface to SRAM, EPROM, flash

EPROM, and EEPROM. The four timers simplify control and improve reliability. These and

other features in the SIB conserve board space and cost while decreasing development

time.

The SIB includes the following functions:
+ |IDMA Controller with Three Handshake Signals: DREQ, DACK, and DONE
* Interrupt Controller with Two Modes of Operation
¢ More Parallel iInput/Output (I/O) Ports, Some with Interrupt Capability
¢ Pullup Resistors on Parallel Input and PCMCIA Input Pins
¢ On-Chip 1152-Byte Dual-Port RAM
¢ Four Timers Including a Watchdog Timer and Periodic Interrupt Timer
¢ Four Programmable Chip-Select Lines with Wait-State Generator Logic
» Glueless Interface to SRAM, EPROM, Flash EPROM, and EEPROM
¢ IMP Internal Controi of DSP Resets, Interrupts, and Modes (Disk)
e System Control
—System Status and Control Logic
—Disable CPU Logic (M68000)
—Bus Arbitration Logic with Low-Interrupt Latency Support
—Hardware Watchdog for Monitoring Bus Activity
—DRAM Refresh Controller
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6.1 DMA CONTROL

The IMP includes seven on-chip DMA channels, six serial DMA (SDMA) channels for the
three serial communications controllers (SCCs) and one IDMA. The SDMA channels are
discussed in 7.2 SDMA Channels. The IDMA is discussed in the following paragraphs.

6.1.1 Key Features

The IDMA (Independent DMA Controller) has the following key features:
» Two Address Pointers and One Counter

» Support of Memory-to-Memory, Peripheral-to-Memory, and Memory-to-Peripheral Data
Transfers

* Three I/O Lines, DREQ, DACK, and DONE, for Externally Requested Data Transfers
. Asynchronous M68000 Bus Structure with 24-Bit Address and 8-Bit or 16-Bit Data Bus
¢ Support for Data Blocks Located at Even or Odd Addresses

* Packing and Unpacking of Operands

» Fast Transfer Rates: Up to 4M bytes/second at 16.0 MHz with No Wait States

 Full Support of All M68000 Bus Exceptions: Halt, Bus Error, Reset, and Retry

* Flexible Request Generation:

—Internal, Maximum Rate (One Burst)

—Internal, Limited Rate (Limited Burst Bandwidth)
—External, Burst (DREQ Level Sensitive)
—External, Cycle Steal (DREQ Edge Sensitive)

The one general-purpose IDMA controller can operate in different modes of data transfer as
programmed by the user. The IDMA is capable of transferring data between any combina-
tion of memory and I/0O. In addition, data may be transferred in either byte or word quantities,
and the source and destination addresses may be either odd or even. Note that the chip se-
lect and wait state generation logic on the IMP may be used with the IDMA, if desired.

Every IDMA cycle requires between two and four bus cycles, depending on the address
boundary and transfer size. Each bus cycle is a standard M68000-type read or write cycle.
If both the source and destination addresses are even, the IDMA fetches one word of data
and immediately deposits it. If either the source or destination address begins on an odd
boundary, the transfer is handled differently. For example, if the source address starts on an
odd boundary and the destination address is even, the IDMA reads one byte from the
source, then reads the second byte from the source, and finally stores the word in a single
access. If the source is even and the destination odd, then the IDMA will read one word from
the source and store it in two consecutive cycles. If both the source and destination are odd,
the IDMA performs two read byte cycles followed by two write byte cycles until the transfer
is complete.

If the IMP frequency is 16.0 MHz and zero wait state memory is used, then the maximum
transfer rate is 4M byte/sec. This assumes that the operand size is 16-bits, the source and
destination addresses are even, and the bus width is selected to be 16-bits.
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The maximum transfer rate is calculated from the fact that 16 bits are moved every 8 clocks.
The calculation is as follows:

16 bits x 16M clocks/sec 2 bytes x 16M clocks/sec 4M bytes

(2 bus cycles) x (4 clocks/bus cycle) 8 clocks sec
The IDMA controller block diagram is shown in Figure 6-1.

IDBR ~———] |«——> DONE
IDMA > DACK
IDBG ————>» CONTROL
LOGIC l«——— DREG
IBCLR ———— ——— > INTERRUPT REQUEST
A [
15 0
< > CHANNEL MODE REGISTER
15 0
< > BYTE COUNT REGISTER
@ 7 0
a
Z |= CHANNEL STATUS REGISTER
(=)
LS 31 0
8
g |= > SOURCE ADDRESS POINTER REGISTER >
(=3
g 3 0
«< > DESTINATION ADDRESS POINTER REGISTER > 2
a
7 0 3
e
< FUNCTION CODE REGISTER > 2
o
L o
<€ 8
2
2
2 | =
= I SDMA DATA REGISTER
Tow
o=
E m
a SDMA ADDRESS AND FC REGISTER

Figure 6-1. IDMA Controller Block Diagram

6.1.2 IDMA Registers (Independent DMA Controller)

The IDMA has six registers that define its specific operation. These registers include a 32-
bit source address pointer register (SAPR), a 32-bit destination address pointer register
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(DAPR), an 8-bit function code register:(FCR), a 16-bit byte count register (BCR), a 16-bit
channel mode register (CMR), and an 8-bit channel status register (CSR). These registers
provide the addresses, transfer count, and configuration information necessary to set up a
transfer. They also provide a means of controlling the IDMA and monitoring its status. All
registers can be modified by the M68000 core. The IDMA also includes another 16-bit reg-
ister, the data holding register (DHR), which is not accessible to the M68000 core and is
used by the IDMA for temporary data storage.

6.1.2.1 Channel Mode Register (CMR)
The CMR, a 16-bit register, is reset to $0000.

5 4 3 2 1 0

9 8 7 6
| SAFﬂ DAPI r SSIZE T DSIZE BT | RST | STR |

10

16 14 13 12 1
| — I ECO1 INTN rINTEJ REQG

Bit 15—Reserved for future use.

ECO—External Control Option
0 = If the request generation is programmed to be external in the REQG bits, the con-
trol signals (DACK and DONE) are used in the source (read) portion of the transfer
since the peripheral is the source.
1 = If the request generation is programmed to be external in the REQG bits, the con-
trol signals (DACK and DONE) are used in the destination (write) portion of the
transfer since the peripheral is the destination.

INTN—Interrupt Normal
0 = When the channel has completed an operand transfer without error conditions as
indicated by DONE, the channel does not generate an interrupt request to the IMP
interrupt controller. The DONE bit remains set in the CSR.
1 = When the channel has completed an operand transfer without error conditions as
indicated by DONE, the channel generates an interrupt request to the IMP interrupt
controller and sets DONE in the CSR.

NOTE

An interrupt will only be generated if the IDMA bit is set in the in-
terrupt mask register (IMR).

INTE—Interrupt Error
0 = Ifabus error occurs during an operand transfer either on the source read (BES) or
the destination write (BED), the channel does not generate an interrupt to the IMP
interrupt controller. The appropriate bit remains set in the CSR.
1 = If abus error occurs during an operand transfer either on BES or BED, the channel
generates an interrupt to the IMP interrupt controlier and sets the appropriate bit
(BES or BED) in the CSR.

NOTE

An interrupt will only be generated if the IDMA bit is set in the
IMR.
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REQG—Request Generation
The following decode shows the definitions for the REQG bits:
00 = Internal request at limited rate (limited burst bandwidth) set by burst transfer (BT)
bits
01 = Internal request at maximum rate (one burst)
10 = External request burst transfer mode (DREQ level sensitive)
11 = External request cycle steal (DREQ edge sensitive)

SAPI—Source Address Pointer (SAP) Increment
0= SAP is not incremented after each transfer.
1= SAP is incremented by one or two after each transfer, according to the source size
(SSIZE) bits and the starting address.

DAPI|—Destination Address Pointer (DAP) Increment
0= DAP is not incremented after each transfer.
= DAP is incremented by one or two after each transfer, according to the destination
size (DSIZE) bits and the starting address.

SSIZE—Source Size
The following decode shows the definitions for the SSIZE bits.

00 = Reserved
01 = Byte
10 = Word
11 = Reserved

DSIZE—Destination Size
The following decode shows the definitions for the DSIZE bits.

00 = Reserved
01 = Byte
10 = Word
11 = Reserved

BT—Burst Transfer

The BT bits control the maximum percentage of the M68000 bus that the IDMA can use
during each 1024 clock cycle period following the enabling of the IDMA. The IDMA runs
for a consecutive number of cycles up to its burst transfer percentage if bus clear (BCLR)
is not asserted and the BCR is greater than zero. The following decode shows these per-
centages.

00 = IDMA gets up to 75% of the bus bandwidth.

01 = IDMA gets up to 50% of the bus bandwidth.

10 = IDMA gets up to 25% of the bus bandwidth.

11 = IDMA gets up to 12.5% of the bus bandwidth.

NOTE

These percentages are valid only when using internal limited re-
quest generation (REQG = 00).
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RST—Software Reset

This bit will reset the IDMA to the same state as an external reset. The IDMA clears RST
when the reset is complete.
0 = Normal operation
1 = The channel aborts any external pending or running bus cycles and terminates
channel operation. Setting RST clears all bits in the CSR and CMR.

STR-—Start Operation
This bit starts the IDMA transfer if the REQG bits are programmed for an internal request.
(The IDMA begins requesting the M68000 bus one clock after STR is set.) If the REQG
bits are programmed for an external request, this bit must be set before the IDMA will rec-
ognize the first request on the DREQ input.
0 = Stop channel; clearing this bit will cause the IDMA to stop transferring data at
the end of the current operand transfer. The IDMA internal state is not altered.
1 = Start channel; setting this bit will allow the IDMA to start (or continue if previously
stopped) transferring data.

NOTE
STR is cleared automatically when the transfer is complete.
6.1.2.2 Source Address Pointer Register (SAPR)

31 24 23 0
[ RESERVED l SOURCE ADDRESS POINTER I

The SAPR is a 32-bit register.

The SAPR contains 24 (A23-A0) address bits of the source operand used by the IDMA to
access memory or memory-mapped peripheral controller registers. During the IDMA read
cycle, the address on the master address bus is driven from this register. The SAPR may
be programmed by the SAPI bit to be incremented or remain constant after each operand
transfer.

The register is incremented using unsigned arithmetic and will roll over if an overflow occurs.
For example, if a register contains $00FFFFFF and is incremented by one, it will roll over to
$00000000. This register can be incremented by one or two, depending on the SSIZE bit
and the starting address in this register.

6.1.2.3 Destination Address Pointer Register (DAPR)
The DAPR is a 32-bit register.

31 24 23 0
[ RESERVED | DESTINATION ADDRESS POINTER ]

The DAPR contains 24 (A23—A0) address bits of the destination operand used by the IDMA
to access memory or memory-mapped peripheral controller registers. During the IDMA write
cycle, the address on the master address bus is driven from this register. The DAPR may

6-6 MC68356 USER’S MANUAL MOTOROLA



System Integration Block (SIB)

be programmed by the DAPI bit to be incremented or remain constant after each operand
transfer.

The register is incremented using unsigned arithmetic and will roll over if overflow occurs.
For example, if a register contains $00FFFFFF and is incremented by one, it will roll over to
$00000000. This register can be incremented by one or two depending on the DSIZE bit and
the starting address.

6.1.2.4 Function Code Register (FCR)
The FCR is an 8-bit register.

|1[ DFC |1| SFC |

The SFC and the DFC bits define the source and destination function code values that are
output by the IDMA and the appropriate address registers during an IDMA bus cycle. The
address space on the function code lines may be used by an external memory management
unit (MMU) or other memory-protection device to translate the IDMA logical addresses to
proper physical addresses. The function code value programmed into the FCR is placed on
pins FC2—-FCO during a bus cycle to further qualify the address bus value.

NOTE

This register is undefined following power-on reset. The user
should always initialize it and should not use the function code
value "111" in this register.

6.1.2.5 Byte Count Register (BCR)

This 16-bit register specifies the amount of data to be transferred by the IDMA; up to 64K
bytes (BCR = 0) is permitted. This register is decremented once for each byte transferred
successfully. BCR may be even or odd as desired. DMA activity will terminate as soon as
this register reaches zero. Thus, an odd number of bytes may be transferred in a 16-bit op-
erand scenario.

6.1.2.6 Channel Status Register (CSR)

The CSR is an 8-bit register used to report events recognized by the IDMA controller. On
recognition of an event, the IDMA sets its corresponding bit in the CSR (regardless of the
INTE and INTN bits in the CMR). The CSR is a memory-mapped register which may be read
at any time. A bit is cleared by writing a one and is left unchanged by writing a zero. More
than one bit may be cleared at a time, and the register is cleared at reset.

7 4 3 2 1 0
I RESERVED I DNS l BES I BED IDONEI

Bits 7—-4—These bits are reserved for future use.
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DNS—Done Not Synchronized

This bit is set if operand packing is performed between 16-bit memory and an 8-bit periph-
eral and the DONE signal is asserted as an input to the IDMA (i.e., by the peripheral) dur-
ing the first access of the 8-bit peripheral. In such a case, the IDMA will still attempt to
finish the second access of the 8-bit peripheral even though DONE has been asserted
(the access could be blocked with external logic); however, the DNS bit will be set to sig-
nify this condition. DNS will not be set if the transfer is terminated by an odd byte count,
since, in this case, the exact number of requested bytes will be transferred by the IDMA.

BES—Bus Error Source

This bit indicates that the IDMA channel terminated with an error returned during the read
cycle. The channel terminates the IDMA operation without setting DONE. BES is cleared
by writing a one or by setting RST in the CMR. Writing a zero has no effect on BES.

BED—Bus Error Destination
This bit indicates that the IDMA channel terminated with an error during the write cycle.
The channel terminates the IDMA operation without setting DONE. BED is cleared by writ-
ing a one or by setting RST in the CMR. Writing a zero has no effect on BED.

DONE—Normal Channel Transfer Done

This bit indicates that the IDMA channel has terminated normally. Normal channel termi-
nation is defined as 1) having decremented the BCR to zero with no errors occurring dur-
ing any IDMA transfer bus cycle or 2) by the external peripheral asserting DONE with no
errors occurring during any IDMA transfer bus cycle. DONE will not be set if the channel
terminates due to an error. DONE is cleared by writing a one or by a software RST in the
CMR. Writing a zero has no effect on this bit.

6.1.3 Interface Signals

The IDMA channel has three dedicated control signals: DMA request (DREQ), DMA ac-
knowledge (DACK), and end of IDMA transfer (DONE). The IDMA’s use of the bus arbitra-
tion signals is described in 6.1.6 DMA Bus Arbitration. The peripheral used with these
signals may be either a source or a destination of the transfers.

6.1.3.1 DREQ and DACK

These are handshake signals between the peripheral requiring service and the IMP. When
the peripheral requires IDMA service, it asserts DREQ, and the IMP begins the IDMA pro-
cess. When the IDMA service is in progress, DACK is asserted during accesses to the de-
vice. These signals are not used when the IDMA is programmed to internal request modes.

6.1.3.2 DONE

This bidirectional signal is used to indicate the last IDMA transfer. With intemal request
modes, the IDMA activates DONE as an output during the last IDMA bus cycle. If DONE is
externally asserted during internal request modes, the IDMA transfer is terminated. With ex-
ternal request modes, DONE may be used as an input to the IDMA controller indicating that:
the device being serviced requires no more transfers and that the transmission is to be ter-
minated. DONE is an output if the transfer count is exhausted.
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6.1.4 IDMA Operational Description

Every IDMA operation involves the following steps: IDMA channel initialization, data trans-
fer, and block termination. In the initialization phase, the M68000 core (or external proces-
sor) loads the registers with control information, address pointers and transfer count, and
then starts the channel. In the transfer phase, the IDMA accepts requests for operand trans-
fers and provides addressing and bus control for the transfers. The termination phase oc-
curs when the operation is complete and the IDMA interrupts the M68000 core, if interrupts
are enabled.

6.1.4.1 Channel Initialization

To start a block transfer operation, the M68000 core must initialize IDMA registers with in-
formation describing the data block, device type, request generation method, and other spe-
cial control options. See 6.1.2 IDMA Registers (Independent DMA Controller) and 6.1.5
IDMA Programming for further details.

6.1.4.2 Data Transfer

The IDMA supports dual address transfers only. Thus, each operand transfer consists of a
source operand read and a destination operand write. The source operand is read from the
address contained in the SAPR into the DHR. When the source and destination operand siz-
es differ, the operand read may take up to two bus cycles to complete. The operand is then
written to the address contained in the DAPR. Again, this transfer may be up to two bus cy-
cles long. In this manner, various combinations of peripheral, memory, and operand sizes
may be used.

NOTE

When the SAPR and DAPR are programmed not to increment
and the bus width is 16 bits, the SAPR and DAPR addresses
must be even.

Source Operand Read
During this cycle, the SAPR drives the address bus, the FCR drives the source function
codes, and the CMR drives the size control. The data is read from memory or the periph-
eral and placed temporarily into the data holding register (DHR) when the bus cycle is ter-
minated with DTACK. When the complete operand has been read, the SAPR is
incremented by one or two, depending on the address and size information. See 6.1.2.2
Source Address Pointer Register (SAPR) for more details.

Destination Operand Write

During this cycle, the data in DHR is written to the device or memory selected by the ad-
dress from the DAPR, using the destination function codes from the FCR and the size
from the CMR. The same options exist for operand size and alignment as for the source
operand read. When the complete operand is written, the DAPR is incremented by one or
two, and the BCR is decremented by the number of bytes transferred. See 6.1.2.3 Desti-
nation Address Pointer Register (DAPR) and 6.1.2.5 Byte Count Register (BCR) for more
details.
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6.1.4.3 Address Sequencing

The manner in which the DAPR and SAPR are incremented during a transfer depends on
the programming of the SAPI and DAPI bits, the source and destination sizes (DSIZE and
SSIZE), and the system data bus width.

The IDMA will run at least two, and up to four, bus cycles to transfer each operand. With an
8-bit bus width, SSIZE and DSIZE are ignored, and each operand transfer requires two cy-
cles. With a 16-bit bus width, the number of bus cycles required to transfer each operand is
determined by DSIZE and SSIZE, whether the source and destination addresses are odd or
even, and whether the BCR equals one. When SSIZE and DSIZE both select either a byte
or word, there will be no operand packing, and the operand transfer will take two bus cycles.
One exception occurs when DSIZE and SSIZE are words and the address is odd. In this
case, there will be two (one byte each) memory cycles for each read or write at an odd ad-
dress. When both the source and destination addresses are odd, four bus cycles are re-
quired to transfer each operand. When SSIZE and DSIZE are not equal, the IDMA will
perform operand packing. If SSIZE is one byte, two read cycles are required to fetch the op-
erand. If DSIZE is one byte, two write cycles are required to store the operand.

When SAPI and/or DAPI are programmed to increment either SAPR or DAPR, the amount
(one or two) by which the address pointer increments depends upon DSIZE, SSIZE, and the
bus width.

When operating in a 16-bit bus environment with an 8-bit peripheral, the peripheral may be
placed on one-half of the bus (consecutive even or odd addresses only). In this case, SSIZE
(or DSIZE) must be set to 16 bit, and the IDMA will perform data packing. As a result, the
peripheral's addresses must be incremented twice after each peripheral bus cycle, which re-
sults in adding four to the address for each data transfer (two cycles per transfer). This is
consistent with the M68000 MOVEP instruction. If the 8-bit peripheral is.to be arranged with
consecutive addresses, both SSIZE and DSIZE must be 8 bit.

Refer to Table 6-1 to see how the SAPR and DAPR will be incremented in all combinations.

Table 6-1. SAPR and DAPR Incrementing Rules

Bus Source Destination SAPR DAPR Transfer
Width Size Size Increment Increment Description
; Read Byte—Write Byte
8 Bit X X +1 1 Packingy}s Not Possible
; Read Byte—Write Byte
16 Bit Byte Byte +1 +1 Packingyls Not Desifed
16 Bit Byte Word +4 +2 B o D ackiae Word
16 Bit Word Byte +2 +4 Sggsamobd@m}ﬁgwe’ Write Byte
16 Bit Word Word +2 +2 Read Word—Write Word

6-10 MCe68356 USER’'S MANUAL MOTOROLA



System Integration Block (SIB)

Refer toTable 6-2 for more details on the IDMA bus cycles.

Table 6-2. IDMA Bus Cycles

Source Source Destination Destination Cycles Cycles
Size Address Size Size 8-bit Bus 16-bit Bus
8 X 8 X RW RW
8 X 16 Even RWRW* RRW
8 X 16 Odd RWRW* RRWW
16 Even 8 X RWRW* RWW
16 Odd 8 X RWRW* RRWW
16 Even 16 Even RWRW* RW
16 Even 16 Odd RWRW* RWW
16 Odd 16 Even RWRW* RRW
16 Odd 16 Odd RWRW* RRWW

* - Considered as 2 operands.

6.1.4.4 Transfer Request Generation

IDMA transfers may be initiated by either internally or externally generated requests. Inter-
nally generated requests can be initiated by setting STR in the CMR. Externally generated
transfers are those requested by an external device using DREQ in conjunction with the ac-
tivation of STR.

Internal Maximum Rate

The first method of internal request generation is a nonstop transfer until the transfer
count is exhausted. If this method is chosen, the IDMA will arbitrate for the bus and begin
transferring data after STR is set and the IDMA becomes the bus master. If no exception
occurs, all operands in the data block will be transferred in sequential bus cycles with the
IDMA using 100 percent of the available bus bandwidth (unless an external bus master
requests the bus or the M68000 core has an unmasked pending interrupt request and
BCLM = 1). See 6.1.6 DMA Bus Arbitration for more details.

Internal Limited Rate
To guarantee that the IDMA will not use all the available system bus bandwidth during a
transfer, internal requests can be limited to the amount of bus bandwidth allocated to the
IDMA. Programming the REQG bits to "internal limited rate" and the BT bits to fimit the
percentage of bandwidth achieves this result. As soon as STR is set, the IDMA module
arbitrates for the bus and begins to transfer data when it becomes bus master. If no ex-
ception occurs, transfers will continue uninterrupted, but the IDMA will not exceed the per-
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centage of bus bandwidth programmed into the control register (12.5%, 25%, 50%, or
75%). This percentage is calculated over each ensuing 1024 internal clock cycle period.

For example, if 12.5% is chosen, the IDMA will attempt to use the bus for the first 128
clocks of each 1024 clock cycle period. However, because of other bus masters, the IDMA
may not be able to take its 128 clock allotment in a single burst.

External Burst Mode

For external devices requiring very high data transfer rates, the external burst mode al-
lows the IDMA to use all the bus bandwidth to service the device. In the burst mode, the
DREQ input to the IDMA is level-sensitive and is sampled at certain points to determine
when a valid request is asserted by the device. The device requests service by asserting
DREQ and leaving it asserted. In response, the IDMA arbitrates for the system bus and
begins to perform an operand transfer. During each access to the device, the IDMA will
assert DACK to indicate to the device that a request is being serviced. If DREQ remains
asserted when the IDMA completes the peripheral cycle (the cycle during which DACK is
asserted by the IDMA) one setup time (see specification. 80) before the S5 falling edge
(i.e., before or with DTACK), then a valid request for another operand transfer is recog-
nized, and the IDMA will service the next request immediately. If DREQ is negated one
setup time (see specification 80) before the S5 falling edge, a new request will not be rec-
ognized, and the IDMA will relinquish the bus.

NOTE:

If 8 to 16 bit packing occurs, then the DREQ is sampled during
the last 8-bit cycle.

External Cycle Steal

For external devices that generate a pulsed signal for each operand to be transferred, the
external cycle steal mode uses DREQ as a falling edge-sensitive input. The IDMA will re-
spond to cycle-steal requests in the same manner as for all other requests. However, if
subsequent DREQ pulses are generated before DACK is asserted in response to each
request, they will be ignored. If DREQ is asserted after the IDMA asserts DACK for the
previous request but one setup time (see specification 80) before the S5 falling edge, then
the new request will be serviced before the bus is relinquished. If a new request has not
been generated by one setup time (see specification 80) before the S5 falling edge, the
bus will be released to the next bus master.

6.1.4.5 Block Transfer Termination

The user may stop the channel by clearing STR. Additionally, the channel operation can be
terminated for any of the following reasons: transfer count exhausted, external device termi-
nation, or error termination. This is independent of how requests are generated to the IDMA.

Transfer Count Exhausted
When the channel begins an operand transfer, if the current value of the BCR is one or
two (according to the operand size in the CMR), DONE is asserted during the last bus cy-
cle to the device to indicate that the channel operation will be terminated when the current
operand transfer has successfully completed. In the memory to memory case, DONE is
asserted during the last access to memory (source or destination) as defined by the ECO
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bit. When the operand transfer has completed and the BCR has been decremented to ze-
ro, the channel operation is terminated, STR is cleared, and an interrupt is generated if
INTN is set. The SAPR and/or DAPR are also incremented in the normal fashion.

NOTE

If the channel is started with BCR value set to zero, the channel
will transfer 64K bytes.

External Device Termination

If desired, a transfer may be terminated by the device even before the BCR is decrement-
ed to zero. If DONE is asserted one setup time prior to the S5 falling edge (i.e., before or
with DTACK) during a device access, then the channel operation will be terminated fol-
lowing the operand transfer (see the DNS bit in the CSR). STR is cleared, and an interrupt
is generated if INTN is set. The BCR is also decremented, and the SAPR and/or DAPR
are incremented in the normal fashion. The use of DONE is not limited to external request
generation only; it may also be used to externally terminate an internally generated IDMA
transfer sequence.

Error Termination
When a fatal error occurs during an IDMA bus cycle, a bus error is used to abort the cycle
and terminate the channel operation. STR is cleared, either BED or BES is set, and an
error interrupt is generated if INTE is set.

6.1.5 IDMA Programming

Once the channel has been initialized with all parameters required for a transfer operation,
it is started by setting the start operation (STR) bit in the CMR. After the channel has been
started, any register that describes the current operation may be read but not modified
(SAPR/DAPR, FCR, or BCR).

Once STR has been set, the channel is active and either accepts operand transfer requests
in external mode or generates requests automatically in internal mode. When the first valid
external request is recognized, the IDMA arbitrates for the bus. The DREQ input is ignored
until STR is set.

STR is cleared automatically when the BCR reaches zero and the channel transfer is either
terminated by DONE or the IDMA cycle is terminated by a bus error.

Channel transfer operation may be suspended at any time by clearing STR. In response,
any operand transfer in progress will be completed, and the bus will be released. No further
bus cycles will be started while STR remains negated. During this time, the M68000 core
may access IDMA internal registers to determine channel status or to alter operation. When
STRis set again, if a transfer request is pending, the IDMA will arbltrate for the bus and con-
tinue normal operation.

Interrupt handling for the IDMA is configured globally through the interrupt pending register
(IPR), the IMR, and the interrupt in-service register (ISR). Within the CMR in the IDMA, two
bits are used to either mask or enable the presence of an interrupt reported in the CSR of
the IDMA. One bit is used for masking normal termination; the other bit is used for masking
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error termination. When these interrupt mask bits in the CMR (INTN and INTE) are cleared
and the IDMA status changes, status bits are set in the CSR but not in the IPR. When either
INTN or INTE is set and the corresponding event occurs, the appropriate bit is set in the IPR,
and, if this bit is not masked, the interrupt controller will interrupt the M68000 core.

6.1.6 DMA Bus Arbitration

The IDMA controller uses the M68000 bus arbitration protocol to request bus mastership be-
fore entering the DMA mode of operation. The six SDMA channels have priority over the
IDMA and can transfer data between any two IDMA bus cycles with BGACK remaining con-
tinuously low. Once the processor has initialized and started a DMA channel, an operand
transfer request is made pending by either an external device or by using an internal re-
quest.

When the IDMA channel has an operand transfer request pending and BCLR is not assert-
ed, the IDMA will request bus mastership from the internal bus arbiter using the internal sig-
nal IDBR (see Figure 6-11). The arbiter will assert the internal M68000 core bus request
(CBR) signal and will monitor the core bus grant (CBG) and external BR to determine when
it may grant the IDMA mastership. The IDMA will monitor the address strobe (AS), HALT,
bus error (BERR), and bus grant acknowledge (BGACK) signals. These signals must be ne-
gated to indicate that the previous bus cycle has completed and the previous bus master
has released the bus. When these conditions are met, the IDMA only asserts BGACK to in-
dicate that it has taken control of the bus. When all operand transfers have occurred, the
IDMA will release control of the bus by negating BGACK.

NOTE

The PCMCIA Controller asserts internal Bus Clear to the IDMA
if enabled in PCMR register (See section 6).

Internally generated IDMA requests are affected by a mechanism supported to reduce the
M68000 core interrupt latency and external bus master arbitration latency (see 6.7.5 Bus Ar-
bitration Logic). The IDMA is forced to relinquish the bus when an external bus master re-
quests the bus (BR is asserted) or when the M68000 core has an unmasked pending
interrupt request. In these cases, the on-chip arbiter sends an internal bus-clear signal to
the IDMA. In response, any operand transfer in progress will be fully completed (up to four
bus cycles depending on the configuration), and bus ownership will be released.

When the IDMA regains the bus, it will continue transferring where it left off. If the core
caused the bus to be relinquished, no further IDMA bus cycles will be started until IPA in the
SCR is cleared. If the cause was an external request, no further IDMA bus cycles will be
started while BR remains asserted. When BR is externally negated, if a transfer request is
pending and IPA is cleared, the IDMA will arbitrate for the bus and continue normal opera-
tion.

6.1.7 Bus Exceptions

In any computer system, the possibility always exists that an error will occur during a bus
cycle due to a hardware failure, random noise, or an improper access. When an asynchro-
nous bus structure, such as that supported by the M68000 is used, it is easy to make provi-
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sions allowing a bus master to detect and respond to errors during a bus cycle. The IDMA
recognizes the same bus exceptions as the M68000 core: reset, bus error, halt, and retry.

NOTE

These exceptions also apply to the SDMA channels except that
the bus error reporting method is different. See 7.5.9.4 Bus Error
on SDMA Access for further details.

6.1.7.1 RESET

Upon an external chip reset, the IDMA channel immediately aborts the channel operation,
returns to the idle state, and clears CSR and CMR (including the STR bit). If a bus cycle is
in progress when reset is detected, the cycle is terminated, the control and address/data
pins are three-stated, and bus ownership is released. The IDMA can also be reset by RST
in the CMR.

6.1.7.2 BUS ERROR

When a fatal error occurs during a bus cycle, a bus error exception is used to abort the cycle
and systematically terminate that channel's operation. The IDMA terminates the current bus
cycle, signals an error in the CSR, and generates a maskable interrupt. The IDMA clears
STR and waits for a restart of the channel and the negation of BERR before starting any'new
bus cycles.

NOTE

Any data that was previously read from the source into the DHR
will be lost.

6.1.7.3 HALT

IDMA transfer operation may be suspended at any time by asserting HALT to the IDMA. in
response, any bus cycle in progress is completed (after DTACK is asserted), and bus own-
ership is released. No further bus cycles will be started while HALT remains asserted. When
the IDMA is in the middle of an operand transfer when halted and HALT is subsequently ne-
gated, and if a new transfer request is pending, then IDMA will arbitrate for the bus and con-
tinue normal operation.

6.1.7.4 Relinquish and Retry

When HALT and BERR are asserted during a bus cycle, the IDMA terminates the bus cycle,
releases the bus, and suspends any further operation until these signals are negated. When
HALT and BERR are negated, the IDMA will arbitrate for the bus, re-execute the interrupted
bus cycle, and continue normal operation.

6.2 INTERRUPT CONTROLLER

The IMP interrupt controller accepts and prioritizes both internal and external interrupt re-
quests and generates a vector number during the CPU interrupt acknowledge cycle. Inter-
rupt nesting is also provided so that an interrupt service routine of a lower priority interrupt
may be suspended by a higher priority interrupt request. The interrupt controller block dia-
gram is shown in Figure 6-2.
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The on-chip interrupt controller has the following features:
¢ Two Operational Modes: Normal and Dedicated
+ Eighteen Prioritized Interrupt Sources (Internal and External)
* A Fully Nested Interrupt Environment
* Unique Vector Number for Each Internal/External Source Generated
¢ Three Interrupt Request and Interrupt Acknowledge Pairs
» DTACK Generation When Vectors Supplied Internally
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Figure 6-2. Interrupt Controller Block Diagram

6.2.1 Overview
An overview of IMP interrupt processing is presented in the following paragraphs.
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6.2.1.1 IMP Interrupt Processing Overview

Interrupt processing on the IMP involves four steps. A typical sequence of these four steps
is as follows:

1. The M68000 responds to the interrupt request by executing an interrupt acknowledge
bus cycle after the completion of the current instruction.

2. The interrupt controller recognizes the interrupt acknowledge cycle and places the in-
terrupt vector for that interrupt request onto the M68000 bus.

3. The M68000 reads the vector, reads the address of the interrupt handler in the excep-
tion vector table, and then begins execution at that address.

Steps 2 and 4 are the responsibility of the M68000 core on the IMP; whereas, steps 1 and
3 are the responsibility of the interrupt controller on the IMP.

The M68000 core is not modified on the IMP; thus, steps 2 and 4 operate exactly as they
would on the MC68000. In step 2, the M68000 status register (SR} is available to mask in-
terrupts globally or to determine which priority levels can currently generate interrupts (see
4.5 Interrupt Processing for more details). Also in step 2, the interrupt acknowledge cycle is
executed.

The interrupt acknowledge cycle carries out a standard M68000 bus read cycle, except that
FC2-FCO are encoded as 111, A3—-A1 are encoded with the interrupt priority level (1-7, with

7 (i.e., 111) being the hlghest) and A19-A16 are driven high. UDS and LDS are both dnven
low.

In step 4, the M68000 reads the vector number, multiplies it by 4 to get the vector address,
fetches a 4-byte program address from that vector address (seeTable 4-5), and then jumps
to that 4-byte address. That 4-byte address is the location of the first instruction in the inter-
rupt handler.

Steps 1 and 3 are the responsibility of the interrupt controller on the IMP. In steps 1 and 3,
a number of configuration options are available. For instance, in step 1, there are two modes
for handling external interrupts: normal and dedicated. In step 3, there are several different
ways of generating vectors. These and other mterrupt controller options are introduced in
the following paragraphs.

6.2.1.2 Interrupt Controller Overview

The interrupt controller receives interrupts from internal sources such as the timers, the
IDMA controller, the serial communication controllers, and the parallel I/O pins (port B pins
11-8). These interrupts are called internal requests (INRQ). The interrupt controllier allows
for masking each INRQ interrupt source. When multiple events within a peripheral can
cause the INRQ interrupt, each event is also maskable in a register in that peripheral.

In addition to the above mentioned internal sources, the interrupt controller receives inter-
rupts from the PCMCIA Controller and from the DSP host port connection. These interrupts
are additional sources to IRQ7, IRQ6, and IRQ1. (programmable in PCMR and DCOR reg-
isters). With PCMCIA and DSP Host Interrupts it is possible to work in Normal or Dedicated
mode for the three external interrupt requests pins. The chip ORs all sources at the same
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level and asserts the interrupt to the 68000 core. Interrupts at the same level (1,6 or 7) are
not prioritized.

In addition to the INRQ interrupts, the interrupt controller can also receive external requests
(EXRQ). EXRQ interrupts are input to the IMP according to normal or dedicated mode. In
the normal mode, EXRQ interrupts are encoded on the IPL2-IPLO lines. In the dedicated
mode, EXRQ interrupts are presented directly as IRQ7, TRQ6, and IRQT.

Normal Mode
In this mode, the three external interrupt request pins are configured as IPL2-IPLO as in
the original MC68000. Up to seven levels of interrupt priority may be encoded. Level 4 is
reserved for IMP INRQ interrupts and may not be generated by an external device.

Dedicated Mode

In this mode, the three interrupt request pins are configured as TRQ7, TRQ6, and TRQT to
provide dedicated request lines for three external sources at priority levels 1, 6, and 7.
Each of these lines may be programmed to be edge-triggered or level-sensitive. In addi-
tion to level 4, which is reserved for INRQ interrupts, interrupt priority levels 2, 3, and 5
must not be assigned to external devices in this mode.

All INRQ and EXRQ sources are prioritized within the interrupt controller. The M68000 sup-
ports seven priority levels. Level 7, the highest priority level, is nonmaskable. EXRQ sources
are given their own separate priority level. Priority level 4 is reserved exclusively for the
INRQ sources with all the INRQ sources being further prioritized within this level. If more
than one INRQ or EXRQ interrupt request is pending, the interrupt controller presents the
highest priority interrupt to the M68000 core through an internal, hidden set of IPL2-IPLO
lines.

When the M68000 core executes the interrupt acknowledge cycle, a vector must be provid-
ed. If an INRQ source generated the interrupt, the interrupt controller always provides the
vector. If an EXRQ source or the DSP host port connection source generated the interrupt,
three options are available to generate the vector.

First, in most cases the interrupt controller can be configured to provide the vector to the
M68000 core. This is usually the preferred solution.

Second, the external peripheral can generate the vector. To assist this process, the interrupt
controller can provide up to three interrupt acknowledge outputs (TACK7, TACKS6, and
TACKT). In this mode, if DSP host port interrupt acknowledge 1,6 or 7 is enabled, the DSP
host port provides the vector and asserts DTACK, and no TACK7, TACK®6 or TACKT is gen-
erated. If DSP host port interrupt is not enabled for the relevant level external, TACK7, IACK6
or TACKT outputs are provided. It is recommended to have only one interrupt source at each
level.

Third, the external peripheral can assert the autovector (AVEC) pin to cause the M68000 to
use an autovector. The autovector method maps each interrupt level to a fixed vector loca-
tion in the exception vector table, regardless of how many interrupt sources exist at that lev-
el.
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If the interrupt source is the PCMCIA controller, only the first and third options are available
since the controller cannot provide a vector.

To improve interrupt latency timing, a fast interrupt latency technique is supported in the
IMP. On recognition of an interrupt, the IMP can assert the bus clear (BCLR) signal exter-
nally, which can be used to force other bus masters off the bus. This involves the IPA and
BCLM bits in the system control register (see 6.7 System Control).

6.2.2 Interrupt Priorities

INRQ and EXRQ interrupts are assigned to an interrupt priority level. INRQ interrupts are
also assigned relative priorities within their given interrupt priority level. A fully nested inter-
rupt environment is provided so that a higher priority interrupt is serviced before a lower pri-
ority interrupt.

6.2.2.1 INRQ and EXRQ Priority Levels

Seven levels of interrupt priority may be implemented in IMP system designs, with level 7
having the highest priority. INRQ interrupts are assigned to level 4 (fixed). EXRQ interrupts
are assigned by the user to any of the remaining six priority levels in normal mode. In dedi-
cated mode, EXRQ interrupts may be assigned to priority levels 7, 6, and 1.

Table 6-3 indicates the interrupt levels available in both normal and dedicated modes. This
table also shows the IPL2-1PLO encoding that should be provided by external logic for each
EXRQ interrupt level in normal mode. For the dedicated mode, this table shows the IMP in-
put pins (IRQ7, IRQ6, and IRQ1) that should be asserted by an external device according
to the desired interrupt priority level.

Table 6-3. EXRQ and INRQ Prioritization

Priority Normal Mode Dedicated Mode Interrupt

Level IPL2-PLO TRQ7, IRG6, IRQT Source
7 (Highest) 000 IRQ7 EXRQ
6 001 IRQ6 EXRQ
5 010 * EXRQ
4 * * INRQ
3 100 * EXRQ
2 101 * EXRQ
1 (Lowest) 110 IRQ1 EXRQ

* Priority level not available to an external device in this mode.

6.2.2.2 INRQ Interrupt Source Priorities

Although all INRQ interrupts are presented at level 4, the interrupt controller further organiz-
es interrupt servicing of the 15 INRQ interrupts according to the priorities illustrated in Table
6-4. The interrupt from the port B pin 11 (PB11) has the highest priority, and the interrupt
from the port B pin 8 (PB8) has the lowest priority. A single interrupt priority within level 4 is
associated with each table entry. The IDMA entry is associated with the general-purpose
DMA channel only, and not with the SDMA channels that service the SCCs. Those interrupts
are reported through each individual SCC channel or, in the case of a bus error, through the
SDMA channels bus error entry.
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6.2.2.3 Nested Interrupts

Table 6-4. INRQ Prioritization within Interrupt Level 4

Priority Multiple
L Interrupt Source Description Interrupt
evel
Events

Highest General-Purpose Interrupt 3 (PB11) No
General-Purpose Interrupt 2 (PB10) No
SCC1 Yes
SDMA Channels Bus Error No
IDMA Channel Yes
SCC2 Yes
Timer 1 Yes
SCC3 Yes
General-Purpose interrupt 1 (PB9) No
Timer 2 Yes
SCP No
Timer 3 No
SMC1 No
SMC2 No
General-Purpose Interrupt 0 (PB8) No

Lowest Error —

The following rules apply to nested interrupts:

1.

6-20

The interrupt controller responds to all EXRQ and INRQ interrupts based upon their
assigned priority level. The highest priority interrupt request is presented to the
M68000 core for servicing. After the vector number corresponding to this interrupt is
passed to the core during an interrupt acknowledge cycle, an INRQ interrupt request
is cleared in IPR. (EXRQ requests must be cleared externally.) The remaining interrupt
requests, if any, are then assessed by priority so that another interrupt request may be
presented to the core.

The 3-bit mask in the M68000 core status register (SR) ensures that a subsequent in-
terrupt request at a higher interrupt priority level will suspend handling of a lower pri-
ority interrupt. The 3-bit mask indicates the current M68000 priority. Interrupts are in-
hibited for all priority levels less than or equal to the current M68000 priority. Priority
level 7 cannot be inhibited by the mask; it is a nonmaskable interrupt level.

The interrupt controller allows a higher priority INRQ interrupt to be presented to the
M68000 core before the servicing of a lower priority INRQ interrupt is completed. This
is achieved using the interrupt in-service register (ISR). Each bit in the ISR corre-
sponds to an INRQ interrupt source.

During an interrupt acknowledge cycle for an INRQ interrupt, the in—service bit is set
by the interrupt controller for that interrupt source. When this bit is set, any subsequent
INRQ interrupt requests at this priority level or lower are disabled until servicing of the
current interrupt is completed and the in-service bit is cleared by the user. Pending in-
terrupts for these sources are still set by the corresponding interrupt pending bit.

Thus, in the interrupt service routine for the INRQ interrupt, the user can lower the
M68000 core mask to level 3 in the status register to allow higher priority level 4
(INRQ) interrupts to generate an interrupt request. This capability provides nesting of
INRQ interrupt requests for sources within level 4. This capability is similar to the way
the M68000 core interrupt mask provides nesting of interrupt requests for the seven
interrupt priority levels.
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6.2.3 Masking Interrupt Sources and Events

The user may mask EXRQ and INRQ interrupts to prevent an interrupt request to the
M68000 core. EXRQ interrupt masking is handled external to the IMP—e.g., by program-
ming a mask register within an external device. INRQ interrupt masking is accomplished by
programming the IMR. Each bit in the IMR corresponds to one of 15 INRQ interrupt sources.

When a masked INRQ interrupt source has a pending interrupt request, the corresponding
bit is set in the IPR, even though the interrupt is not generated to the core. By masking all
interrupt sources using the IMR, the user may implement a polling interrupt servicing
scheme for INRQ interrupts, as discussed in 6.2.5.2 Interrupt Pending Register (IPR).

When an INRQ interrupt source from an on-chip peripheral has multiple interrupt events, the
user can individually mask these events by programming that peripheral's mask register
(see Figure 6-3). Table 6-4 indicates the interrupt sources that have multiple interrupt
events. In this case, when a masked event occurs, an interrupt request is not generated for
the associated interrupt source, and the corresponding bit in the IPR is not set. If the corre-
sponding bit in the IPR is already set, then masking the event in the peripheral mask register
causes the IPR bit to be cleared. To determine the cause of a pending interrupt when an
interrupt source has multiple interrupt events, the user interrupt service routine must read
the event register within that on-chip peripheral. By clearing all unmasked bits in the event
register, the IPR bit is also cleared.

SCCE

INTERRUPT
PRIORITY
RESOLVER

_— 16-INPUT

IMR OR
—)_ -
INTERNAL IPL2-IPLO
TO THE M68000 CORE

||

Figure 6-3. Interrupt Request Logic Diagram for SCCs
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6.2.4 Interrupt Vector

Pending EXRQ interrupts and unmasked INRQ interrupts are presented to the M68000 core
in order of priority. The M68000 core responds to an interrupt request by initiating an inter-
rupt acknowledge cycle to receive a vector number, which allows the core to locate the in-
terrupt's service routine.

If an INRQ source generated the interrupt, the interrupt controller always provides the vector
corresponding to the highest priority, unmasked, pending interrupt. If an EXRQ source gen-
erated the interrupt, three options are available to generate the vector.

Option 1. By programming the GIMR, the user can enable the interrupt controller to provide
the vector for any combination of EXRQ interrupt levels 1, 6, and 7. This is available regard-
less of whether normal or dedicated mode is selected. Whenever a vector is provided by the
interrupt controller, DTACK is also provided by the interrupt controller during that interrupt
acknowledge cycle. DTACK is an output from the IMP in this case.

The IMP can generate vectors for up to seven external peripherals by connecting the exter-
nal request lines to IRQ7, IRQ6, IRQ1, PB11, PB10, PB9, and PB8. PB11, PB10, PB9, and
PB8 are prioritized within level 4.

Option 2. The external peripheral can generate the vector. In this case the external device
must decode the interrupt acknowledge cycle, put out the 8-bit vector, and generate DTACK.
The decoding of the interrupt acknowledge cycle can be provided by the TACK7, TACKS, and
TACKT signals (enabled in the PBCNT register) if either normal or dedicated mode is cho-
sen. These signals eliminate the need for external iogic to perform the decoding of the A19-
A16, A3-A1, and FC2—FCO0 pins externally to detect the interrupt acknowledge cycle. If the
IACK signals are not needed, they can be regained as general purpose parallel I/O pins. The
external device must generate DTACK in this mode, and DTACK is an input to the IMP.

Option 3. The external peripheral can assert the AVEC pin to cause the M68000 to use an
autovector. In this case, DTACK should not be asserted by the external device. AVEC is rec-
ognized by the M68000 core on the falling edge of S4 and should meet the asynchronous
setup time to the falling edge of S4. The TACK signals can be used to help generate the
AVEC signal for priority levels 1, 6, and 7, if needed.

NOTE

If AVEC is asserted during an interrupt acknowledge cycle, an
autovector is taken, regardless of the vector on the bus. AVEC
should not be asserted during level 4 interrupt acknowledge cy-
cles.

When the IMP generates the vector, the following procedure is used. The three most signif-
icant bits of the interrupt vector number are programmed by the user in the GIMR. These
three bits are concatenated with five bits generated by the interrupt controller to provide an
8-bit vector number to the core. The interrupt controller's encoding of the five low-order bits
of the interrupt vector is shown in Table 6-5. An example vector calculation is shown in Fig-
ure 6-4. When the core initiates an interrupt acknowledge cycle for level 4 and there is no

6-22 MC68356 USER’S MANUAL MOTOROLA



System Integration Block (SIB)

internal interrupt pending, the interrupt controller encodes the error code 00000 onto the five
low-order bits of the interrupt vector.

Table 6-5. Encoding the Interrupt Vector

PLr:'::'(i:ly Vse-thi;r Interrupt Source
7 (Highest) 10111 External Device
6 10110 External Device
5 None External Device
4 01111 General-Purpose Interrupt 3 (PB11)
4 01110 General-Purpose Interrupt 2 (PB10)
4 01101 SCCt
4 01100 SDMA Channels Bus Error
4 01011 IDMA Channel
4 01010 SCc2
4 01001 Timer 1
4 01000 SCC3
4 00111 General-Purpose Interrupt 1 (PB9)
4 00110 Timer 2
4 00101 SCP
4 00100 Timer 3
4 00011 SMC1
4 00010 SMC2
4 00001 General-Purpose Interrupt 0 (PB8)
4 00000 Error
3 None External Device
2 None External Device
1 (Lowest) 10001 External Device

6.2.5 Interrupt Controller Programming Model

The user communicates with the interrupt controller using four registers. The global interrupt
mode register (GIMR) defines the interrupt controller's operational mode. The interrupt
pending register (IPR) indicates which INRQ interrupt sources require interrupt service. The
interrupt mask register (IMR) allows the user to prevent any of the INRQ interrupt sources
from generating an interrupt request. The interrupt in-service register (ISR) provides a ca-
pability for nesting INRQ interrupt requests.

6.2.5.1 Global Interrupt Mode Register (GIMR)

The user normally writes the GIMR soon after a total system reset. The GIMR is initially
$0000 and is reset only upon a total system reset. If bits V7-V5 of the GIMR are not written
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1. FORMULATE &-BIT VECTOR

V7-V5  5-BIT VECTOR V7-V5 PROGRAMMED BY SOFTWARE IN
5-BIT VECTOR FROM TABLE 3-4.
2, MULTIPLY BY 4 TO GET ADDRESS NOTE THAT $2B4 IS IN THE USER

INTERRUPT VECTOR AREA OF THE
EXCEPTION VECTOR TABLE. V7-V5WAS

1010110100=5284 PURPOSELY CHOSEN TO CAUSE THIS.

3. READ 32-BIT VALUE AT $2B4 AND JUMP

s8] o007 INTERRUPT HANDLER BEGINS AT
o6 0302 $070302 (24-BIT ADDRESSES ARE USED

ON THE Me8000).

Figure 6-4. SCC1 Vector Calculation Example

to specify an interrupt vector prior to the first interrupt condition, the interrupt controller will
pass the vector $OF (the uninitialized interrupt vector), regardless of the interrupt source.

15 14 13 12 i 10 9 8 7 5 4 0
| MODl V7 I V6 | V1 | - I ET7 | ET6 | ET1 | VI-Vs | RESERVED |
MOD—Mode

0 = Normal operational mode. Interrupt request lines are configured as IPL2—IPLO.
1 = Dedicated operational mode. Interrupt request lines are configured as IRQ7, IRQS,
and IRQT.

IV7—Level 7 Interrupt Vector
This bit is valid in both normal and dedicated modes.

0 = Internal vector. The interrupt controller will provide the vector number for a level 7
interrupt during the interrupt acknowledge cycle.

1 = External vector. The interrupt controller will not provide the vector number for a lev-
el 7 interrupt. For the host port, if the interrupt acknowledge for level 7 is enabled
in the HCOR register, the external vector will be provided by DSP host port inter-
nally (see 11.2.3.4 Interrupt Vector Register (IVR)).

IV6—Level 6 Interrupt Vector
This bit is valid in both normal and dedicated modes.

0 = Internal vector. The interrupt controller will provide the vector number for a level 6
interrupt during the interrupt acknowledge cycle.

1 = External vector. The interrupt controller will not provide the vector number for a lev-
el 6 interrupt. For the host port, if the interrupt acknowledge for level 6 is enabled
in the HCOR register, the external vector will be provided by DSP host port inter-
nally (see 11.2.3.4 Interrupt Vector Register (IVR)).
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IV1—Level 1 Interrupt Vector
This bit is valid in both normal and dedicated modes.
0 = Internal vector. The interrupt controller will provide the vector number for a level 1
interrupt acknowledge cycle.
1 = External vector. The interrupt controller will not provide the vector number for a lev-
el 1 interrupt. For the host port, if the interrupt acknowledge for level 1is enabled in
.the HCOR register, the external vector will be provided by DSP host port internally
(see 11.2.3.4 Interrupt Vector Register (IVR)).

ET7—IRQ7 Edge-/Level-Triggered
This bit is valid only in the dedicated mode.
0= Level-triggered. An interrupt is made pending when IRQ7 is low.

NOTE

The M68000 always treats level 7 as an edge-sensitive interrupt.
Normaily, users should not select the level-triggered option. The
level-triggered option is useful when it is desired to make the ne-
gation of TRQ7 cause the IOUT2-10UTO pins to cease driving a
level 7 interrupt request when the IMP is used in the disable
CPU mode. This situation is as follows:

For a slave-mode IMP, when it is triggered by IRQ1, IRQS, or
IRQ7 to generate an interrupt, its interrupt controller will output
the interrupt request on pins IOUT2-I0UTO to another proces-
sor (MC68302, MC68020, etc.) For cases when the slave IMP
does not generate a level 4 vector (i.e., the VGE bit is cleared),
one must set the ET1, ET6, and ET7 bits to level-triggered and
then negate the TRQ1, TRQ86, and TRQ7 lines externally in the in-
terrupt handler code. If the ET1, ET6, and ET7 bits are set to
edge-triggered and the VGE bit is clear, the IOUT2-IOUTO pins
will never be cleared.

1 = Edge-triggered. An interrupt is made pending when IRQ7 changes from one to
zero (falling edge).

ET6—IRQ6 Edge-/Level-Triggered
This bit is valid only in the dedicated mode.
0 = Level-triggered. An interrupt is made pending when IRQ6 is low.

NOTE

While in disable CPU mode during the host processor interrupt
acknowledge cycle for TRQG, if TRQS is not continuously assert-
ed, the interrupt controller will still provide the vector number
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(and DTACK) according to the IV6 bit. The IACK® falling edge
may be used externally to negate IRQG6.

1= Edge-triggered. An interrupt is made pending when IRQ6 changes from one to
zero (falling edge).

ET1—IRQ1 Edge-/Level-Triggered
This bit is valid only in the dedicated mode.
0 = Level-triggered. An interrupt is made pending when IRQ1 is low.

NOTE

While in disable CPU mode, during the host processor interrupt
acknowledge cycle for IRQ1, if IRQ1 is not continuously assert-
ed, the interrupt controller will still provide the vector number
(and DTACK) according to the IV1 bit. The IACK®6 falling edge
can be used externally to negate IRQ1.

1 = Edge-triggered. An interrupt is made pending when IRQ1 changes from one to
zero (falling edge).

V7-V5—Interrupt Vector Bits 7-5

These three bits are concatenated with five bits provided by the interrupt controller, which
indicate the specific interrupt source, to form an 8-bit interrupt vector number. If these bits
are not written, the vector $OF is provided.

NOTE

These three bits should be greater than or equal to ‘010’ in order
to put the interrupt vector in the area of the exception vector ta-
ble for user vectors.

Bits 11 and 4—-0—Reserved for future use.

6.2.5.2 Interrupt Pending Register (IPR)

Each bit in the 16-bit IPR corresponds to an INRQ interrupt source. When an INRQ interrupt
is received, the interrupt controller sets the corresponding bit in the IPR.

In a vectored interrupt environment, the interrupt controller clears the IPR bit when the vec-
tor number corresponding to the INRQ interrupt source is passed to the M68000 core during
an interrupt acknowledge cycle, unless an event register exists for that INRQ interrupt. In a
polled interrupt scheme, the user must periodically read the IPR. When a pending interrupt
is handied, the user should clear the corresponding bit in the IPR by writing a one to that bit.
(If an event register exists, the unmasked event register bits should be cleared instead,
causing the IPR bit to be cleared.) Since the user can only clear bits in this register, the bits
that are written as zeros will not be affected. The IPR is cleared at reset.
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NOTE

The ERR bit is set if the user drives the IPL2-IPLO lines to inter-
rupt level 4 and no INRQ interrupt is pending.

15 14 13 12 1 10 9 8
PB11 PB10 SCC1 SDMA IDMA sCC2 TMER1 SCC3
7 6 5 4 3 2 1 0
| PBY TIMER2 | SCP | t™MeRs |  smci | smc2 | PB8 ERR |

6.2.5.3 Interrupt Mask Register (IMR)

Each bit in the 16-bit IMR corresponds to an INRQ interrupt source. The user masks an in-
terrupt source by clearing the corresponding bit in the IMR. When a masked INRQ interrupt
occurs, the corresponding bit in the IPR is set, but the IMR bit prevents the interrupt request
from reaching the M68000 core. If an INRQ source is requesting interrupt service when the
user clears the IMR bit, the request to the core will cease, but the IPR bit remains set. If the
IMR bit is then set later by the user, the pending interrupt request will once again request
interrupt service and will be processed by the core according to its assigned priority. The
IMR, which can be read by the user at any time, is cleared by reset.

It is not possible to mask the ERR INRQ source in the IMR. Bit 0 of the IMR is undefined.

MOTOROLA

NOTE

If a bit in the IMR is masked at the same time that the interrupt
at level 4 is causing the M68000 core to begin the interrupt ac-
knowledge cycle, then the interrupt is not processed, and one of
two possible cases will occur. First, if other unmasked interrupts
are pending at level 4, then the interrupt controller will acknowl-
edge the interrupt with a vector from the next highest priority un-
masked interrupt source. Second, if no other interrupts are
pending at level 4, then the interrupt controller will acknowledge
the interrupt with the error vector (‘00000’ binary).

To avoid handling the error vector, the user can raise the inter-
rupt mask in the M68000 core status register (SR) to 4 before
masking the interrupt source and then lower the level back to its
original value. Also, if the interrupt source has multiple events
(e.g., SCC1), then the interrupts for that peripheral can be
masked within the peripheral mask register.

NOTE

To clear bits that were set by multiple interrupt events, the user
should clear ail the unmasked events in the corresponding on-
chip peripheral's event register. ‘
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15 14 13 12 11 10 9 8
| pen | PBlo | scct | soMA | IbMA | sccz | TMERt | sccs |
7 6 5 4 3 2 1 0

| = | TMER2 | SCP | TIMERs ] sMct ] smc2 ] PB8 | — ]

6.2.5.4 Interrupt In-Service Register (ISR)

Each bit in the 16-bit ISR corresponds to an INRQ interrupt source. In a vectored interrupt
environment, the interrupt controller sets the ISR bit when the vector number corresponding
to the INRQ interrupt source is passed to the core during an interrupt acknowledge cycle.
The user's interrupt service routine should clear this bit during the servicing of the interrupt.
(If an event register exists for this peripheral, its bits should also be cleared by the user pro-
gram.) To clear a bit in the ISR, the user writes a one to that bit. The user can only clear bits
in this register, and bits that are written with zeros will not be affected. The ISR is cleared at
reset.

This register may be read by the user to determine which INRQ interrupts are currently being
processed. More than one bit in the ISR may be a one if the capability is used to allow higher
priority level 4 interrupts to interrupt lower priority level 4 interrupts. See 6.2.2.3 Nested In-
terrupts for more details.

The user can control the extent to which level 4 interrupts may interrupt other level 4 inter-
rupts by selectively clearing the ISR. A new INRQ interrupt will be processed if it has a higher
priority than the highest priority INRQ interrupt having its ISR bit set. Thus, if an INRQ inter-
rupt routine lowers the 3-bit mask in the M68000 core to level 3 and also clears its ISR bit
at the beginning of the interrupt routine, then a lower priority INRQ interrupt can interrupt it
as long as the lower priority is higher than any other ISR bits that are set.

if the INRQ error vector is taken, no bit in the ISR is set. Bit 0 of the ISR is always zero.

15 14 13 12 " 10 9 8

[ eer ] Peo | scct | soma ] oma | sccc | TMEri | sccs |
7 6 5 4 3 2 1 0

| ee | 7mere | sce | Tmers | smct | smez | ees ] 0 ]

6.2.6 Interrupt Handler Examples

The following examples illustrate proper interrupt handling on the IMP. Nesting of level 4 in-
terrupts (a technique described earlier) is not implemented in the following examples.

Example 1—Timer 3 (Software Watchdog Timer) Interrupt Handler
1. Vector to interrupt handler.
2. (Handle Event)
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3. Clear the TIMERS bit in the I1SR.
4. Execute RTE instruction.
Example 2— SCCH1 Interrupt Handler
1. Vector to interrupt handler.
2. Immediately read the SCC1 event (SCCE1) register into a temporary location.

3. Decide which events in the SCCE1 will be handled in this handler and clear those bits
in the SCCE1 as soon as possible.

(Handle events in the SCC1 Rx or Tx BD tables.)

At the end:
4. Clear the SCC1 bit in the ISR.

5. Execute RTE instruction. If any unmasked bits in SCCE1 remain at this time (either
uncleared by the software or set by the IMP during the execution of this handler), this
interrupt source will be made pending again immediately following the RTE instruction.

In example 1, the hardware clears the TIMERS bit in the IPR during the interrupt acknowl-
edge cycle. This is an example of a handler for an interrupt source without multiple events.
In example 2, the IPR bit remains set as long as one or more unmasked event bits remain
the in the SCCE1 register. This is an example of a handler for an interrupt source with mul-
tiple events.

Note that, in both cases, it is not necessary to clear the IPR bit; however, in both cases, it is
necessary to clear the ISR bit to allow future interrupts from this source.

6.3 PARALLEL I/O PORTS

The IMP supports two general-purpose 1/O ports, port A and port B, whose pins can be gen-
eral-purpose I/O pins or dedicated peripheral interface pins. Some port B pins are always
maintained as four general-purpose I/O pins, each with interrupt capability.

6.3.1 Port A

Each of the 16 port A pins are independently configured as a general-purpose I/O pin if the
corresponding port A control register (PACNT) bit is cleared, and the PCMCIA interface is
not enabled or the PCMCIA data bus is only 8 bits wide. Port A pins are configured as ded-
icated on-chip peripheral pins if the corresponding PACNT bit is set. An example block dia-
gram of PA8 is given in Figure 6-5.
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PACNT

Figure 6-5. Parallel I/O Block Diagram for PA8

When acting as a general-purpose I/O pin, the signal direction for that pin is determined by
the corresponding control bit in the port A data direction register (PADDR). The port I/O pin
is configured as an input if the corresponding PADDR bit is cleared; it is configured as an
output if the corresponding PADDR bit is set. All PACNT bits and PADDR bits are cleared
on total system reset, configuring all port A pins as general-purpose input pins. (Note that
these port pins do not have internal pullup resistors for non-PCMCIA mode).

If a port A pin is selected as a general-purpose I/0 pin, it may be accessed through the port
A data register (PADAT). Data written to the PADAT is stored in an output latch. If a port A
pin is configured as an output, the output latch data is gated onto the port pin. In this case,
when the PADAT is read, the contents of the output latch associated with the output port pin
are read. If a port A pin is configured as an input, data written to PADAT is still stored in the
output latch but is prevented from reaching the port pin. In this case, when PADAT is read,
the state of the port pin is read.

If a port A pin is selected as a dedicated on-chip peripheral pin, the corresponding bit in the
PADDR is ignored, and the direction of the pin is determined by the operating mode of the
on-chip peripheral. In this case, the PADAT contains the current state of the peripheral's in-
put pin or output driver.

Certain pins may be selected as general-purpose I/O pins, even when other pins related to
the same on-chip peripheral are used as dedicated pins. For example, a system that config-
ures SCC2 to operate in a nonmultiplexed mode without the modem control lines and exter-
nal clocks (RCLK2, TCLK2, CD2, CTS2, and RTS2) may dedicate the data lines (RXD2 and
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TXD2) to SCC2 and configure the others as general-purpose I/O pins. What the peripheral
now receives as its input, given that some of its pins have been reassigned, is shown in Ta-
ble 6-6. If an input pin to a channel (for example CD2 or CTS2) is used as a general-purpose
I/O pin, then the input to the peripheral is automatically connected internally to Vpp or GND,
based on the pin's function. This does not affect the operation of the port pins in their gen-
eral-purpose 1/0O function.

NOTE

If the DREQ/PA13 pin is selected to be PA13, then DREQ is tied
low. If the IDMA is programmed for external requests, then it al-
ways recognizes an external request, and the entire block will be
transferred in one burst.

Table 6-6. Port A Pin Functions

PACNT Bit = 1 PACNT Bit = 0 Input to
Pin Function Pin Function SCC2/SCC3NDMA
RXD2 PAO © GND
TXD2 PA1 —
RCLK2 PA2 GND
TCLK2 PA3 RCLK2 #
cTS2 PA4 GND
RTS2 PA5 —
ch2 PA6 GND
SDS2/BRG2 PA7 —
RXD3 PA8 GND
TXD3 PA9 —
RCLK3 PA10 GND
TCLK3 PA11 RCLK3 #
BRG3 PA12 —
DREQ PA13 GND
DACK PA14 —
DONE PA15 VbD

# Allows a single external clock source on the RCLK pin to clock both
the SCC receiver and transmitter.

6.3.2 PortB

Port B has 12 pins. PB7—PB0 may be configured as general-purpose /O pins or as dedicat-
ed peripheral interface pins; whereas, PB11-PB8 are always maintained as four general-
purpose pins, each with interrupt capability. '
6.3.2.1 PB7-PB0O

Each port B pin may be configured as a general-purpose 1/O pin or as a dedicated peripheral
interface pin. PB7-PBO functions exactly like PA15-PAQ, except that PB7-PBO is controlled
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by the port B control register (PBCNT), the port B data direction register (PBDDR), and the
port B data register (PBDAT), and PB7 is configured as an open-drain output (WDOG) upon
total system reset.

Table 6-7 shows the dedicated function of each pin. The third column shows the input to the
peripheral when the pin is used as a general-purpose I/O pin.

Table 6-7. Port B Pin Functions

PBCNT Bit=1 PBCNT Bit=0 Input to Interrupt
Pin Function Pin Function Control and Timers

IACK7 PBO —

IACK6 PB1 —

IACK1 PB2 —

TIN1 PB3 GND .
TOUT1 PB4 —

TIN2 PB5 GND
TOUT2 PB6 —
WDOG PB7 —

6.3.2.2 PB11-PB8

PB11-PB8 are four general-purpose 1/O pins continuously available as general-purpose I/
O pins and, therefore, are not referenced in the PBCNT. PB8 operates like PB11-PB9 ex-
cept that it can also be used as the DRAM refresh controller request pin, as selected in the
system control register (SCR).

The direction of each pin is determined by the corresponding bit in the PBDDR. The port pin
is configured as an input if the corresponding PBDDR bit is cleared; it is configured as an
output if the corresponding PBDDR bit is set. PBDDR11-PBDDRS are cleared on total sys-
tem reset, configuring all PB11-PB8 pins as general-purpose input pins. The GIMR is also
cleared on total system reset so that if any PB11-PB8 pin is left floating it will not cause a
spurious interrupt. Internal pull-up resistors are optionally available for PB0-3, PB5, PB6 and
PB8-PB11 pins (see 8.3.3 Pullup Control Register — PUCR).

The PB11-PB8 pins are accessed through the PBDAT. Data written to PBDAT11-PBDAT8
is stored in an output latch. If the port pin is configured as an output, the output latch data is
gated onto the port pin. In this case, when PBDAT11-PBDATS is read, the contents of the
output latch associated with the output port pin are read. If a port B pin is configured as an
input, data written to PBDAT is still stored in the output latch but is prevented from reaching
the port pin. In this case, when PBDAT is read, the state of the port pin is read.

When a PB11-PB8 pin is configured as an input, a high-to-low change will cause an inter-
rupt request signal to be sent to the IMP interrupt controller. Each of the four interrupt re-
quests is associated with a fixed internal interrupt priority level within level 4. (The priority at
which each bit requests an interrupt is detailed in Table 6-4.) Each request can be masked
independently in the IMP interrupt controller by clearing the appropriate bit in the IMR
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(PB11-PB8). The input signals to PB11-PB8 must meet specifications 190 and 191 shown
in Section 14 Electrical Characteristics.

6.3.3 PortC

When the PCMCIA interface is disabled (PC_EN tied to GND), 8 general purpose /O pins
are available.

When acting as a general-purpose I/O pin, the signal direction for that pin is determined by
the corresponding control bit in the port C data direction register (PCDDR). The port I/O pin
is configured as an input if the corresponding PCDDR bit is cleared; it is configured as an
output if the corresponding PCDDR bit is set. All PCDDR bits are cleared on total system
reset, configuring all port C pins as general-purpose input pins.

If a port C pin is selected as a general-purpose /O pin, it may be accessed through the port
C data register (PCDAT). Data written to the PCDAT is stored in an output latch. If a port C
pin is configured as an output, the output latch data is gated onto the port pin. In this case,
when the PCDAT is read, the contents of the output latch associated with the output port pin
are read. If a port C pin is configured as an input, data written to PCDAT is still stored in the
output latch but is prevented from reaching the port pin. In this case, when PCDAT is read,
the state of the port pin is read.

6.3.4 Port D

When the PCMCIA interface is disabled (PC_EN tied to GND), 16 general purpose input
only pins are available as port D.These pins also have optional internal pull-up resistors (see
8.3.3 Pullup Control Register — PUCR).

Port D may be accessed through the Port D data register (PCDAT). When PCDAT is read,
the state of the input port pin is read.

6.3.5 Port Registers

The 1/O port consists of three memory-mapped read-write 16-bit registers for port A and
three memory-mapped read-write 16-bit registers for port B. Refer to Figure 6-6. Parallel I/
O Port Registers for the /O port registers. The reserved bits are read as zeros.

Port A Control Register(PACNT)
5 14 13 2 1 10 9 8 7 6 5 4 3 2 1 0

|;A|CATCA1 ;AI;A]CALCAJ CAICAlCArCA_ICA[CA]CALCA'CAI

0=1/0 1 = Peripheral

Port A Data Direction Register(PADDR)
12 il 10 9 8 7 6 5 4 3 2 1 0

15 14 13
IDAIDA rDA—I DAlDA]DALDAJDA LDAlDA rDA1 DAlDA[DAj 0A|DA|

0 = Input 1 = Output

MOTOROLA MC68356 USER'S MANUAL 6-33




System Integration Block (SIB)

Port A Data Register(PADAT)
10 9 8 7 6 5 4 3 2 1 0

15 14 13 12 1
| PA | PA | PALPA | PA | PA UAJ PAJ PA | PALPA | PA LPA [ PA TPA rPAJ

Port B Control Register(PBCNT)

15 8 7 6 5 4 3 2 1 0
| RESERVED J c8 L cB L EHIERENER c8 | cB |
0=1/0 1 = Peripheral i
Port B Data Direction Register(PBDDR)
15 12 11 10 9 8 7 6 5 ¢ 3 2 1 0
| RESERVED l DB I DB l DB I DBi DB | DB | DB LDB ‘ DB I DB TDB [ DB J

0 = [nput 1 = Output

Port B Data Register(PBDAT)
15 12 10 9 8 7 6 5 4 3 2 1

1 0
[ RESERVED I PB l PB.>| PBJ PB_[ PB | PB I PB LPB] PB T PB rPB l PBJ

Port C Data Direction Register(PCDDR)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| RESERVED | DC | DC ﬁsc | DC | DC ] DC | DC | DCJ
0 = Input 1 = Output

Port C Data Register(PCDAT)
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
[ RESERVED IEREREEREEEREE RS

Port D Data Register(PDDAT)
10 9 8 7 6 5 4 3 2 1 0

16 14 13 12 1
| PD I PDJ PDLPD LPDLPD I PD rPDJ PDLPDJ PDj PD l PD [PDJ PDLPD
Figure 6-6. Parallel /O Port Registers

6.4 DUAL-PORT RAM

The CP has 1152 bytes of static RAM configured as a dual-port memory. The dual-port RAM
can be accessed by the CP main controller or by one of three bus masters: the M68000 core,
the IDMA, the PCMCIA controller, the DSP to IMP direct access block or an external master.
The M68000 core and the IDMA access the RAM synchronously with no wait states. The
external master requests the M68000 bus using the BR pin and is granted bus ownership.
The external master must then access the RAM synchronously with respect to the IMP sys-
tem clock with zero or one wait state, or asynchronously as determined by the EMWS and
SAM bits in the system control register. Except for several locations initialized by the CP,
the dual-port RAM is undefined at power-on reset but is not modified by successive resets.
The RAM is divided into two parts: parameter RAM and system RAM.
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The 576-byte parameter RAM area includes pointers, counters, and registers used with the
serial ports. This area is accessed by the CP during communications processing. Any indi-
vidual locations not required in a given application may be used as general-purpose RAM.

The 576-byte system RAM is a general-purpose RAM, which may be used as M68000 data
and/or program RAM or CP microcode RAM. As data RAM, it can include serial port data
buffers or can be used for other purposes such as a no-wait-state cache for the M68000
core. As CP microcode RAM, it is used exclusively to store microcode for the CP main con-
troller, allowing the development of special protocols or protocol enhancements, under spe-
cial arrangement with Motorola. Appendix C discusses available offerings.

The RAM block diagram is shown in Figure 6-7. The M68000 core, the IDMA, and the ex-
ternal master access the RAM through the IMP bus interface unit (BIU) using the M68000
bus. When an access is made, the BIU generates a wait signal to the CP main controller to
prevent simultaneous access of the RAM. The CP main controller waits for one cycle to al-
low the RAM to service the M68000 bus cycle and then regenerates its RAM cycle. This
mechanism allows the RAM to be accessed synchronously by the M68000 core, IDMA, or
external master without wait states. Thus, during the four-clock M68000 memory cycle,
three internal accesses by the CP main controller may occur. The BIU also provides the
DTACK signal output when the RAM and on-chip registers are accessed by any M68000
bus master.

SYSTEM RAM
— 576 BYTES
ADDRESS
25
w
wh > CP uCODE DATA
ay
Y] A
(DATA RAM
OR
HCODE RAM)
PERIPHERAL
INTERNAL DATA BUS
PERIPHERAL
ADDRESS
BUS - >
—_——-»
a9 PARAMETER RAM
42 576 BYTES
-
— | 2m
M68000 M88000
SYSTEM : DATA BUS
ADDRESS -
BUS < >

Figure 6-7. RAM Block Diagram'
| i

MOTOROLA MC68356 USER’S MANUAL 6-35



System Integration Block (SIB)

6.5 TIMERS

The IMP includes four timer units: a periodic interrupt timer (PIT), two identical general-pur-
pose timers and a software watchdog timer.

Each general-purpose timer consists of a timer mode register (TMR), a timer capture regis-
ter (TCR), a timer counter (TCN), a timer reference register (TRR), and a timer event register
(TER). The TMR contains the prescaler value programmed by the user. The software watch-
dog timer, which has a watchdog reference register (WRR) and a watchdog counter (WCN),
uses a fixed prescaler value. The timer block diagram is shown in Figure 6-8.

GENERAL-PURPOSE TIMERS

INTERNAL
MASTER CLOCK/16
OR MASTER CLOCKA

TIN1

TOUT1

INTERNAL

MASTER CLOCK/16

> WDOG

TIMER 1 , ,
TERY EVENT REGISTER j<->
TIMER
5 o cLock
VR MODE REGISTER GENERATOR
PRESCALER MODEBITS }“’
DIVIDER |«——cLock ’
15 ¢ 0
ToN1 ‘ TIMER COUNTER ]<—> CAPTURE
¢ DETECTION
15 0
TRR1 | REFERENCE REGISTER 'E’
1 o
TCR1 | CAPTURE REGISTER IS
©
2
WATCHDOG TIMER 2
-
<C
[=]
15
TONS L TIMER COUNTER DIVIDEBY e
15
TRR3 [ REFERENCE REGISTER

6-36

Figure 6-8. Timer Block Diagram
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6.5.1 Timer Key Features
The two identical general-purpose timer units have the following features:
* Maximum Period of 16 Seconds (at 16.67 MHz)
* 60-ns Resolution (at 16.67 MHz)
* Programmable Sources for the Clock Input
* Input Capture Capability
¢ Qutput Compare with Programmable Mode for the Output Pin
e Two Timers Cascadable to Form a 32-Bit Timer
¢ Free Run and Restart Modes
The watchdog timer has the following features:
¢ A 16-Bit Counter and Reference Register
¢ Maximum Period of 16.78 Seconds (at 16 MHz)
¢ 0.5 ms Resolution (at 16 MHz)
Output Signal (WDOG)
Interrupt Capability

6.5.2 General Purpose Timer Units

The clock input to the prescaler may be selected from the main clock (divided by 1 or by 16)
or from the corresponding timer input (TIN) pin. TIN is internally synchronized to the internal
clock. The clock input source is selected by the ICLK bits of the corresponding TMR. The
prescaler is programmed to divide the clock input by values from 1 to 256. The output of the
prescaler is used as an input to the 16-bit counter.

The resolution of the timer is one clock cycle (60 ns at 16.67 MHz). The maximum period
(when the reference value is all ones) is 268,435,456 cycles (16.78 seconds at 16.00 MHz).

Each timer may be configured to count until a reference is reached and then either reset on
the next clock or continue to run. The free run/restart (FRR) bit of the corresponding TMR
selects each mode. Upon reaching the reference value, the corresponding TER bit is set,
and an interrupt is issued if the output reference interrupt enable (ORI) bit in TMR is set.

Each timer may output a signal on the timer output (TOUTT or TOUT2) pin when the refer-
ence value is reached, as selected by the output mode (OM) bit of the corresponding TMR.
This signal can be an active-low pulse or a toggle of the current output. The output can also
be used as an input to the other timer, resulting in a 32-bit timer.

Each timer has a 16-bit TCR, which is used to latch the value of the counter when a defined
transition (of TIN1 or TIN2) is sensed by the corresponding input capture edge detector. The
type of transition triggering the capture is selected by the capture edge and enable interrupt
(CE) bits in the corresponding TMR. Upon a capture or reference event, the corresponding
TER bit is set, and a maskable interrupt is issued.

The timer registers may be modified at any time by the user.
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6.5.2.1 Timer Mode Register (TMR1, TMR2)

TMR1 and TMR2 are identical 16-bit registers. TMR1 and TMR2, which are memory-
mapped read-write registers to the user, are cleared by reset.

15 8 7 6 5 4 3 2 1 0
[ PRESCALER VALUE (PS) | CE | om | or | FRR | K | ReT |

RST—Reset Timer
This bit performs a software reset of the timer identical to that of an external reset.

0 = Reset timer (software reset), includes clearing the TMR, TRR, and TCN.
1 = Enable timer

ICLK—Input Clock Source for the Timer

00 = Stop count

01 = Master clock

10 = Master clock divided by 16. Note that this clock source is not synchronized to the
timer; thus, successive timeouts may vary slightly in length.

11 = Corresponding TIN pin, TIN1 or TIN2 (falling edge)

FRR—Free Run/Restart

0 = Free run—timer count continues to increment after the reference value is reached.
1 = Restart—timer count is reset immediately after the reference value is reached.

ORI—Output Reference Interrupt Enable

0 = Disable interrupt for reference reached (does not affect interrupt on capture func-
tion)
1 = Enable interrupt upon reaching the reference value

OM—Output Mode
0 = Active-low pulse for one CLKO clock cycle (60 ns at 16.67 MHz)
1 = Toggle output

NOTE

After reset, the TOUT signal begins in a high state, but is not
available externally until the PBCNT register is configured for
this function.

CE—Capture Edge and Enable Interrupt

00 = Capture function is disabled

01 = Capture on rising edge only and enable interrupt on capture event
10 = Capture on falling edge only and enable interrupt on capture event
11 = Capture on any edge and enable interrupt on capture event

PS—Prescaler Value

The prescaler is programmed to divide the clock input by values from 1 to 256. The value
00000000 divides the clock by 1; the value 11111111 divides the clock by 256. The res-
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olution of the timer varies directly with the size of the prescaler. In order to make smaller
adjustments to the timer as needed, the prescaler should be as small as possible (see
6.5.2.6 General Purpose Timer Example).

6.5.2.2 Timer Reference Registers (TRR1, TRR2)
Each TRR is a 16-bit register containing the reference value for the timeout. TRR1 and
TRR2 are memory-mapped read-write registers.

When working in the MC68008 mode (BUSW is low), writing the high byte of TRR1 and
TRR2 will disable the timer's compare logic until the low byte is written.

TRR1 and TRR2 are set to all ones by reset. The reference value is not “reached” untit TCN
increments to equal TRR.

6.5.2.3 Timer Capture Registers (TCR1, TCR2)
Each TCR is a 16-bit register used to latch the value of the counter during a capture opera-
tion when an edge occurs on the respective TIN1 or TIN2 pin. TCR1 and TCR2 appear as
memory-mapped read-only registers to the user.

When working in the MC68008 mode (BUSW is low), reading the high byte of TCR1 and
TCR2 will disable the timer's capture logic until the low byte is read.

TCR1 and TCR2 are cleared at reset.

6.5.2.4 Timer Counter (TCN1, TCN2)
TCN1 and TCN2 are 16-bit up-counters. Each is memory-mapped and can be read and:writ-
ten by the user. A read cycle to TCN1 and TCN2 yields the current value of the timer and
does not affect the counting operation.

When working in the MC68008 mode (BUSW is low), reading the high byte of TCN1 and
TCN2 will latch the low byte into a temporary register; a subsequent read cycle on the low
byte yields the value of the temporary register.

A write cycle to TCN1 and TCN2 causes both the counter register and the corresponding
prescaler to be reset to zero. In MC68008 mode (BUSW is low), a write cycle to either the
high or low byte of the TCN will reset the counter register and the corresponding prescaler
to zero.

6.5.2.5 Timer Event Registers (TER1, TER2)

Each TER is an 8-bit register used to report events recognized by any of the timers. On rec-
ognition of an event, the timer will set the appropriate bit in the TER, regardless of the cor-
responding interrupt enable bits (ORI and CE) in the TMR. TER1 and TER2, which appear
to the user as memory-mapped registers, may be read at any time.
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Abit is cleared by writing a one to that bit (writing a zero does not affect a bit's value). More
than one bit may be cleared at a time. Both bits must be cleared before the timer will negate
the INRQ to the interrupt controller. This register is cleared at reset.

7 2 1 0
I RESERVED I REF I CAP I

CAP—Capture Event

The counter value has been latched into the TCR. The CE bits in the TMR are used to
enable the interrupt request caused by this event.

REF—Output Reference Event

The counter has reached the TRR value. The ORI bit in the TMR is used to enable the
interrupt request caused by this event.

Bits 7-2—Reserved for future use.

6.5.2.6 General Purpose Timer Example
This section gives two examples on how to program the general purpose timers.

6.5.2.6.1 Timer Example 1
Generate an interrupt every 10 mS using the 20 MHz system clock.

1. Take the desired interrupt period and divide by the timer clock period to get an initial
count value to calculate prescaler.

Tout _ 10ms _ count = 200,000
Tin 1

20MHz

2. To calculate the value for the clock divider, divide the count by 65536 (216).

Count

%5536 = Divider = 3.05176

3. The divider must be rounded up to the next integer value. A clock divider of 4 then
changes the input timer period to Tin*4. A new count is calculated based on the new
timer period, and this value will be written to the TRR. The prescaler in the TMR is
equal to the clock divider minus 1 (or 4-1 = 3).

Tout _ _10ms
Tin (Divider)  50ns (4)

= 50, 000

4. Program the TRR to $C350 (= 50000 decimal).

5. Program the TMR to $031B (prescaler = 3, ORI =1 to enable interrupt, FRR = 1 to re-
start counter after reference is reached, ICLK = 01 to use the master clock, and RST
= 1 to enabled the timer).

Fine adjustments can be made to the timer by varying the TRR up or down.
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6.5.2.6.2 Timer Example 2

Generate a 100 Hz square wave using the 20 MHz system clock. As in Timer Example 1,
the period is 10 mS, so we can use the same Prescaler and Reference values. Since when
OM is set, the TOUT pin only toggles when the reference value is reached, the reference
value must be divided by two in order to generate two edges every 100 mS.

1. Program the Port B control register to change the port pin from a general purpose input
pin to TOUT.

2. Program the TRR to $61A8 (= 5000/2).

3. Program the TMR to $321B (prescaler = 3, OM =1 to toggle TOUTt, FRR = 1 to restart
counter after reference is reached, ICLK = 01 to use the master clock, and RST =1 to
enabled the timer).

Fine adjustments can be made to the timer by varying the TRR up or down.

6.5.3 Timer 3 - Software Watchdog Timer

A watchdog timer is used to protect against system failures by providing a means to escape
from unexpected input conditions, external events, or programming errors. Timer 3 may be
used for this purpose. Once started, the watchdog timer must be cleared by software on a
regular basis so that it never reaches its timeout value. Upon reaching the timeout value, the
assumption may be made that a system failure has occurred, and steps can be taken to re-
cover or reset the system. ‘

6.5.3.1 Software Watchdog Timer Operation

The watchdog timer counts from zero to a maximum of 32767 (16.67 seconds at 16.00 MHz)
with a resolution or step size of 8192 clock periods (0.5 ms at 16.00 MHz). This timer uses
a 16-bit counter with an 8-bit prescaler value.

The watchdog timer uses the main clock divided by 16 as the input to the prescaler. The
prescaler circuitry divides the clock input by a fixed value of 256. The output of this prescaler
circuitry is connected to the input of the 16-bit counter. Since the least significant bit of the
WCN is not used in the comparison with the WRR reference value, the effective value of the
prescaler is 512.

The timer counts until the reference value is reached and then starts a new time count im-
mediately. Upon reaching the reference value, the counter asserts the WDOG output for a
period of 16 master clock (CLKO) cycles, and issues an interrupt to the interrupt controller.
The value of the timer can be read any time.

To use the software watchdog function directly with the M68000 core, the timer 3 open-drain
output pin (WDOG) can be connected externally to the TPL2-IPLO pins to generate a level
7 interrupt (normal mode), to IRQ7 (dedicated mode), or to the RESET and HALT pin. After
a total system reset, the WDOG pin function is enabled on pin PB7.

The software watchdog timer has an 8-bit prescaler that is not accessible to the user, a read-
only 16-bit counter, and a reference register (WRR).
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6.5.3.2 Software Watchdog Reference Register (WRR)

WRR is a 16-bit register containing the reference value for the timeout. The EN bit of the
register enables the timer. WRR appears as a memory-mapped read-write register to the
user.

When operating in the MC68008 mode (BUSW is low), writing to the high byte of WRR will
disable the timer compare logic until the low byte is written.

Reset initializes the register to $FFFF, enabling the watchdog timer and setting it to the max-
imum timeout period. This causes a timeout to occur if there is an error in the boot program.

15 | 1 0
| REFERENCE VALUE I EN I

6.5.3.3 Software Watchdog Counter (WCN)

WCN, a 16-bit up-counter, appears as a memory-mapped register and may be read at any
time. Clearing EN in WRR causes the counter to be reset and disables the count operation.

A read cycle to WCN causes the current value of the timer to be read. When working in
MC68008 mode (BUSW is low), reading the high byte of WCN will latch the low byte into a
temporary register. When reading the low byte, the temporary register value is read. Read-
ing the timer does not affect the counting operation.

A write cycle to WCN causes the counter and prescaler to be reset. In the MC68008 mode
(BUSW is low), a write cycle to either the high or low byte resets the counter and the pres-
caler. A write cycle should be executed on a regular basis so that the watchdog timer is nev-
er allowed to reach the reference value during normal program operation.

6.5.4 Periodic Interrupt Timer

The 68356 IMP provides a timer to generate periodic interrupts for use with a real-time op-

erating system or the application software. The periodic interrupt time period can vary from

122 us to 128 s (assuming a 32.768-kHz crystal is used to generate the general system
* clock). This function can be disabled.

6.5.4.1 Overview

The periodic interrupt timer consists of an 11-bit modulus counter that is loaded with the val-
ue contained in the PITR. The modulus counter is clocked by the CLKIN signal derived from
the IMP EXTAL pin. See Figure 3-1.

The clock source is divided by four before driving the modulus counter (PITCLK). When the
modulus counter value reaches zero, an interrupt request signal is generated to the IMP in-
terrupt controller.

The value of bits 11-1 in the PITR is then loaded again into the modulus counter, and the
counting process starts over. A new value can be written to the PITR only when the PIT is
disabled. :
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The PIT interrupt replaces the IMP PB8 interrupt and is mapped to the PB8 interrupt priority
level 4. The PIT interrupt is not maskable —the only way to disable the PIT interrupt is to
disable the PIT by resetting the PTEN bit in the PITR register to zero.

NOTE

When the PIT is enabled, PB8 can still be used as parallel 1/0
pin or as DRAM refresh controller request pin, but PB8 will not
be capable of generating interrupts.

6.5.4.2 Periodic Timer Period Calculation
The period of the periodic timer can be calculated using the following equation:

PITR count value+1
((EXTAL) /10r512)
)]

periodic interrupt timer period =

Solving the equation using a crystal frequency of 32.768 kHz with the prescaler disabled
gives:

PITR count value+1
3276871

22

periodic interrupt timer period =

PITR counvalue

periodic interrupt timer period = 2192

This gives a range from 122 ps, with a PITR value of $0, to 250 ms, with a PITR value of
$7FF (assuming a 32.768Khz at the EXTAL pin.

Solving the equation with the prescaler enabled (PTP=1) gives the following values:

PITR count value
32768/512
22

periodic interrupt timer period =

PITR count value

periodic interrupt timer period = 16
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This gives a range from 62.5 ms, with a PITR value of $0 to 128 s, with a PITR value of $7FF.

For a fast calculation of periodic timer period using a 32.768-kHz crystal, the following equa-
tions can be used:

With prescaler disabled:

programmable interrupt timer period = PITR (122 us)
With prescaler enabled:

programmable interrupt timer period = PITR (62.5 ms)

6.5.4.3 Using the Periodic Timer As a Real-Time Clock

The periodic interrupt timer can be used as a real-time clock interrupt by setting it up to gen-
erate an interrupt with a one-second period. When using a 32.768-kHz crystal, the PITR
should be loaded with a value of $OF with the prescaler enabled to generate interrupts at a
one-second rate. The interrupt is generated, in this case, at a precise 1 second rate, even if
the interrupt is not serviced immediately. A true real time clock is obtained if the current in-
terrupt is serviced completely before the next one occurs.

6.5.4.4 Periodic Interrupt Timer Register (PITR)

The PITR contains control for prescaling the periodic timer as well as the count value for the
periodic timer. This register can be read or written only during normal operational mode. Bits
14-13 are not implemented and always return a zero when read. A write does not affect
these bits.

PITR $OF0
15 14 13 12 11 10 9 8
PTEN 0 0 PTP PITR10 PITR9 PITR8 PITR7
RESET
0 o] 0 0 0 0 0 0
7 [ 5 4 3 2 1 0
[PiTRe PITRS PITR4 PITR3 PITR2 PITR1 PITRO RES |
RESET
0 0 0 o] 0 0 0 0
Read/Write
PTEN—~Periodic Timer Enable
This bit contains the enable control for the periodic timer.
0 = Periodic timer is disabled
1 = Periodic timer is enabled
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PTP—Periodic Timer Prescaler Control
This bit contains the prescaler control for the periodic timer.

0 = Periodic timer clock is not prescaled
1 = Periodic timer clock is prescaled by a value of 512

PITR10-0—Periodic Interrupt Timer Register Bits
These bits of the PITR contain the remaining bits of the PITR count value for the periodic
timer. These bits may be written only when the PIT is disabled (PTEN=0) to modify
the PIT count value.
NOTE

If the PIT is enabled with the PTP bit is set, the first interrupt can
be up to 512 clocks early, depending on the prescaler counter
value when the PIT is enabled.

6.6 EXTERNAL CHIP-SELECT SIGNALS AND WAIT-STATE LOGIC

The IMP provides a set of four programmable chip-select signals. Each chip-select signal
has an identical internal structure. For each memory area, the user may also define an in-
ternally generated cycle termination signal (DTACK). This feature eliminates board space
that would be necessary for cycle termination logic.

The four chip-select signals allow four different classes of memory to be used: e.g., high-
speed static RAM, slower dynamic RAM, EPROM, and nonvolatile RAM. If more than four
chip selects are required, additional chip selects may be decoded externally, as on the
MC68000.

The chip-select block diagram is shown in Figure 6-9.

The chip-select logic is active for memory cycles generated by internal bus masters
(M68000 core, IDMA, SDMA, DRAM refresh) or external bus masters. These signals are
driven externally on the falling edge of AS and are valid shortly after AS goes low.

For each chip select, the user programs the block size by choosing the starting address in
the base register and the length in the option register. The starting address must be on a
block boundary. Thus, an 8K block size must begin on an 8K address boundary, and a 64K
block size must begin on a 64K address boundary, etc.

For a given chip-select block, the user may also choose 1) whether the chip-select block
should be considered as read-only, write-only, or read/write, 2) whether the chip-select
block should be active on only one particular function code signal combination or for all func-
tion codes, and 3) whether a DTACK should be automatically generated for this chip-select
block, and after how many walit states.

DTACK generation occurs under the same constraints as the chip-select signal—if the chip-
select signal does not activate, then neither will the DTACK signal.
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Chip select 0 has the special property of being enabled upon system reset to the address
range from 0 to 8K bytes. This property allows chip select 0 to function as the "boot ROM"
select on system start-up. DTACK is initially enabled for six wait states on this chip select.

External masters may use the chip-select logic on the IMP during an external master access
to external memory/peripherals. In this case, the external master chip-select timing diagram
(see Figure 14-15) must be used. Since the chip-seiect logic is slightly slower when using
external masters, an optional provision can be made to add an additional wait state to an
external access by an external master. See the EMWS bit in the SCR for more details (6.7.3
System Control Bits).

Each chip select can be protected to block PCMCIA accesses to that chip select’s block of
memory by the external PCMCIA host. The protect for each chip select block can be enabled
by setting the PCS(3-0) bits in the PCMCIA protection register (PPR). In addition, internal
IMP registers and dual port RAM access from the PCMCIA bus can be disabled by using
the PIR bit in the PPR.

A priority structure exists within the chip-select block. For a given address, the priority is as
follows:

1. Access to any IMP internal address (BAR, dual-port RAM, etc.)
No chip select asserted.

Chip Select 0
Chip Select 1
Chip Select 2
Chip Select 3

o > D
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Figure 6-9. Chip-Select Block Diagram

The user should not normally program more than one chip-select line to the same area.
When this occurs, the address compare logic will set address decode conflict (ADC) in the
system control register (SCR) and generate BERR if address decode conflict enable
(ADCE) is set. Only one chip-select line will be driven because of internal line priorities. CS0O
has the highest priority, and CS3 the lowest. BERR will not be asserted on write accesses
to the chip-select registers.

If one chip select is programmed to be read-only and another chip select is programmed to
be write-only, then there will be no overlap conflict between these two chip selects, and the
ADC bit will not be set.

When a bus master attempts to write to a read-only location, the chip-select logic will set
write protect violation (WPV) in the SCR and generate BERR if write protect violation enable
(WPVE) is set. The CS line will not be asserted.

NOTE

The chip-select logic is reset only on total system reset (asser-
tion of RESET and HALT). Accesses to the internal RAM and
registers, including the system configuration registers (BAR and
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SCR), will not activate the chip-select lines. Thus, it is conve-
nient to use one of the chip-select lines to select external ROM/
RAM that overlaps these register addresses, since, in this way,
bus contention is completely avoided during a read access to
these addresses. If, in a given application, it is not possible to
use the chip-select lines for this purpose, the IAC signal may be
used externally to prevent bus contention.

NOTE

The chip-select logic does not allow an address match during in-
terrupt acknowledge cycles.

A special case occurs when the locked read-modify-write test and set (TAS) instruction is
executed in combination with the chip selects. The assertion of wait states on the write por-
tion of the cycle will only occur if the RMCST bit in the SCR is set. Refer to 6.7.3 System
Control Bits for more details.

6.6.1 Chip-Select Logic Key Features
Key features of the chip-select logic are as follows:
* Four Programmable Chip-Select Lines
¢ Various Block Sizes: 8K, 16K, 32K, 64K, 128K, 256K, 512K, 1M, 2M, 4M, 8M, and 16M
Bytes
* Read-Only, Write-Only, or Read-Write Select
* Internal DTACK Generation with Wait-State Options

Default Line (CS0) to Select an 8K-Boot ROM Containing the Reset Vector and Initial
Program

6.6.2 Chip-Select Registers

Each of the four chip-select units has two registers that define its specific operation. These
registers are a 16-bit base register (BR) and a 16-bit option register (OR) (e.g., BRO and
ORO0). These registers may be modified by the M68000 core. The BR should normally be
programmed after the OR since the BR contains the chip-select enable bit.

6.6.2.1 Base Register (BR3-BR0)

These 16-bit registers consist of a base address field, a read-write bit, and a function code
field.

15 13 12 2 1 0
| FC2-FCO | BASE ADDRESS (A23-A13) | RW ] EN ]

FC2-FCO0 —Function Code Field

This field is contained in bits 15—-13 of each BR. These bits are used to set the address
space function code. The address compare logic uses these bits to determine whether an
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address match exists within its address space and, therefore, whether to assert the chip-
select line.

111 = Not supported; reserved. Chip select will not assert if this value is chosen.

110 = Value may be used.

000 = Value may be used.

After system reset, the FC field in BR3-BRO defaults to supervisor program space (FC =
110) to select a ROM device containing the reset vector. Because of the priority mechanism
and the EN bit, only the TS0 line is active after a system reset.

NOTE

The FC bits can be masked and ignored by the chip-select logic
using CFC in the OR.

Bits 12—2—Base Address

These bits are used to set the starting address of a particular address space. The address
compare logic uses only A23—-A13 to cause an address match within its block size. The
base address should be located on a block boundary. For example, if the block size is 64k
bytes, then the base address should be a multiple of 64k.

After system reset, the base address defaults to zero to select a ROM device on which
the reset vector resides. All base address values default to zero on system reset, but, be-
cause of the priority mechanism, only CS0 will be active.

NOTE
All address bits can be masked and ignored by the chip-select
logic through the base address mask in the OR.

RW—Read/Write

0 = The chip-select line is asserted for read operations only.
1 = The chip-select line is asserted for write operations only.

After system reset, this bit defaults to zero (read-only operation).
NOTE

This bit can be masked and ignored by the read-write compare
logic, as determined by MRW in the OR. The line is then assert-
ed for both read and write cycles.

On write protect violation cycles (RW = 0 and MRW = 1), BERR will be generated if WPVE
is set, and WPV will be set.

If the write protect mechanism is used by an external master, the R/W low to AS asserted
timing should be 16 ns minimum.
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EN—Enable
0 = The chip-select line is disabled.
1 = The chip-select line is enabled.
After system reset, only CS0 is enabled; CS3-CS1 are disabled. In disable CPU mode,
CS3-CS0 are disabled at system reset. The chip select does not require disabling before
changing its parameters.

6.6.2.2 Option Registers (OR3-0OR0)

These four 16-bit registers consist of a base address mask field, a read/write mask bit, a
compare function code bit, and a DTACK generation field.

15 13 12 2 1 0
| DTACK | BASE ADDRESS MASK (M23-M13) | MRW | CFCJ

Bits 15-12—DTACK Field
These bits are used to determine whether DTACK is generated internally with a program-
mable number of wait states or externally by the peripheral. With internal DTACK gener-
ation, zero to six wait states can be automatically inserted before the DTACK pin is
asserted as an output (see Port A Control Register (PACNT)).

When all the bits in this field are set to one, DTACK must be generated externally, and the
IMP or external bus master waits for DTACK (input) to terminate its bus cycle. After system
reset, the bits of the DTACK field default to six wait states.

The DTACK generator uses the IMP internal clock to generate the programmable number
of wait states. For asynchronous external bus masters, the programmable number of wait
states is counted directly from the internal clock. When no wait state is programmed
(DTACK = 000), the DTACK generator will generate DTACK asynchronously.

Table 6-8. DTACK Field Encoding

Bits

Description

15

=
N

13

0 No Wait State
1 1 Wait State
0 2 Wait States
1 3 Wait States
0 4 Wait States
1

0

1

5 Wait States
6 Wait States
External DTACK

0
0
0
0
1
1
1
1

awlalolol=l—~]|lolo

The CS lines are asserted slightly earlier for internal IMP master memory cycles than for an
external master using the CS lines. Set external master wait state (EMWS) in the SCR
whenever these timing differences require an extra memory wait state for external masters.
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NOTE

Do not assert DTACK externally when it is programmed to be
generated internally.

Bits 12—2—Base Address Mask

These bits are used to set the block size of a particular chip-select line. The address com-
pare logic uses only the address bits that are not masked (i.e., mask bit set to one) to de-
tect an address match within its block size.

0 = The address bit in the corresponding BR is masked; the address compare logic
does not use this address bit. The corresponding external address line value is a
don't care in the comparison.

1 = The address bit in the corresponding BR is not masked; the address compare logic
uses this address bit.

For example, for a 64K-byte block, this field should be M13, M14, M15 = 0 with the rest of
the base address mask bits (M23—-M16) equal to one.

After system reset, the bits of the base address mask field default to ones (selecting the
smallest block size of 8K) to allow CSO0 to select the ROM device containing the reset vector.

MRW—Mask Read/Write

0= The RW bit in the BR is masked. The chip select is asserted for both read and write
operations.

1= The RW bit in the BR is not masked. The chip select is asserted for read-only or
write-only operations as programmed by the corresponding RW bit in BR3-BRO.

After system reset, this bit defaults to zero.

CFC—Compare Function Code

0= The FC bits in the BR are ignored. The chip select is asserted without comparing
the FC bits. If the application requires the user to recognize several address spac-
es (e.g., user space without distinguishing between data and program space), FC
bits must be decoded externally.

1= The FC bits on the BR are compared. The address space compare logic uses the
FC bits to assert the CS line.

After system reset, this bit defaults to one.

NOTE

Even when CFC = 0, if the function code lines are internally or
externally generated as "111", the chip select will not be assert-
ed.

6.6.2.3 PCMCIA Protection Register (PPR)

This register controls the PCMCIA protection mechanism that blocks the chip select mech-
anism for external PCMCIA accesses made to the block of memory covered by the protect-
ed chip select. It also includes the Protect Internal Registers (PIR) bit that controls the
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protection mechanism to block PCMCIA accesses to the internal registers and dual port
RAM. This register is located at BAR+82C.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | ofo | 0 |P|R|Posa|Pcsz|Pcs1|Pcso|

PCS(3-0)—Protect Chip Select

Each of these bits when set will disable the corresponding chip select for PCMCIA access-
es. When a PCMCIA controller access is made to a protected memory space, the chip
select line will not assert and the DTACK line will also not be asserted. This will result in
a 68000 bus error and a bus error on the PCMCIA bus (if the BERR bit is set in the PCMR
register).

PIR—Protect Internal Registers

This bit when set will block PCMCIA accesses to internal registers and the internal dual
port ram. When a PCMCIA access is made to an internal register or memory location
while the PIR bit is set, the register will not be addressed and the DTACK line will not be
asserted. This will result in a 68000 bus error and a bus error on the PCMCIA bus (if the
BERR bit is set in the PCMR register).

6.6.3 Chip Select Example

Set up chip select 2 to assert for a 1 megabyte block of external RAM beginning at $200000
with 1 wait state. Note that the address must be on a block boundary (i. e.; the starting ad-
dress of a 1 megabyte. block could not be $210000).

1. Calculate what the mask should be. For a 1 M block, the address lines A0 through A19
are used to address bytes within the block, so they need to be masked out.

2. Write $3E00 to OR2 (DTACK=1 for 1 wait state, M23-M20 = 1 to use these bits in the
comparison, M19-M13 = 0 to mask these address bits, MRW = 0 to enable the chip
select for both read and write, and CFC = 0 to mask off function code comparison).

3. Write $0401 to BR2 (FC2-FCO = 0 don’t care, A23-A13 = base address, RW = 0 don't
care, and EN =1 to enable the chip select.

NOTE

The mask bits in the OR are used to mask the individual address
bits, so in the previous example, if bit 12 (M23) was changed to
a zero, then CS2 would assert for a 1 M block beginning at
$200000 and a 1 M block at $A00000.

6.7 SYSTEM CONTROL

The IMP system control consists of a System Control Register (SCR) that configures the fol-
lowing functions:

* System Status and Control Logic
« AS Control During Read-Modify-Write-Cycles
» Disable CPU (M68000) Logic
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» Bus Arbitration Logic with Low-Interrupt Latency Support
» Hardware Watchdog

* Low-Power (Standby) Modes

¢ Freeze Control

6.7.1 System Control Register (SCR)

The SCR is a 32-bit register that consists of system status and control bits, a bus arbiter con-
trol bit, and hardware watchdog control bits. Refer to Figure 6-10 and to the following para-
graphs for a description of each bit in this register. The SCR is a memory-mapped read-write
register. The address of this register is fixed at $0F4 in supervisor data space (FC = 5).

$F4
31 30 29 28 27 26 25 24
IOIOIOIO'IPAIHWT'WPVIADCJ
$F5
23 22 21 20 19 18 17 16
| RVE | ERRE [ VGE [ WPVE | RMCSTI EMWS [ ADCE | BCLPU
$F6

15 14 13 12 11 10 9 8
EESERVEM RESERVED MESEHVED[ SAM lHWDEN ] HWDCN2-HWDCNo J

Figure 6-10. System Control Register
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Table 6-9. SCR Register Bits

Bit Name Section(s)
IPA Interrupt Priority Active 382
HWT Hardware Watchdog Timeout 3.8.2,3.8.6
WPV Write Protect Violation 3.8.2
ADC Address Decode Conflict 3.8.2
ERRE External RISC Request Enable 3.9
VGE Vector Generation Enable 3.8.4
WPVE Write Protect Violation Enable 3.8.3
RMCST Read-Modify-Write Cycle Special Treatment 3.8.3
EMWS External Master Wait State 3.8.3,3.84
ADCE Address Decode Conflict Enable 3.8.3
BCLM Bus Clear Mask 3.8.2,3.8.3,3.8.5
SAM Synchronous Access Mode 3.8.3,3.8.4
HWDEN Hardware Watchdog Enable 3.8.6
HWDCN Hardware Watchdog Count 3.8.6

6.7.2 System Status Bits

The eight most significant bits of the SCR are used to report events recognized by the sys-
tem control logic. On recognition of an event, this logic sets the corresponding bit in the
SCR. The bits may be read at any time. A bit is reset by one and is left unchanged by zero.
More than one bit may be reset at a time.

After system reset (simultaneous assertion of RESET and HALT), these bits are cleared.

IPA—Interrupt Priority Active

This bit is set when the M68000 core has an unmasked interrupt request. When bus clear
mask (BCLM) is set, BCLR and the internal bus clear to the IDMA and PCMCIA controller
are asserted.

6-54

NOTE

If BCLM is set, an interrupt handler will normally clear IPA at the
end of the interrupt routine to allow an alternate bus master to
regain the bus; however, if BCLM is cleared, no additional action
need be taken in the interrupt handler.

In the case of nested interrupts, the user may wish to clear the
IPA bit only at the end of the original lower priority interrupt rou-
tine to keep BCLR asserted until it completes. To guarantee that
this happens and that other pending interrupts at the same orig-
inal priority level also execute with BCLR continuously asserted,
the following technique may be used. Using a parallel I/O line
connected to the IRQ1 line, the original priority level interrupt
toggles this I/O line just before it executes the RTE instruction,
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causing a request for a level 1 interrupt. Since this is the lowest
interrupt level, this routine will not be executed until all other
pending interrupt routines have executed. Then in the level 1 in-
terrupt routine, the IPA bit in the SCR is cleared.

HWT—Hardware Watchdog Timeout
This bit is set when the hardware watchdog (see 6.7.6 Hardware Watchdog) reaches the
end of its time interval; BERR is generated following the watchdog timeout, even if this bit
is already set.

WPV—Write Protect Violation

This bit is set when a bus master attempts to write to a location that has RW set to zero

(read only) in its associated base register (BR3-BR0). Provided WPVE (bit 20) is set, e
BERR will be asserted on the bus cycle that sets this bit. If WPV and WPVE are both set

when a write protect violation occurs, BERR will still be generated.

ADC—Address Decode Conflict

This bit is set when a conflict has occurred in the chip-select logic because two or more
chip-select lines attempt assertion in the same bus cycle. This conflict may be caused by
a programming error in which the user-allocated memory areas for each chip select over-
lap each other. Provided ADCE (bit 17) is set, the occurrence of ADC will cause BERR to
be asserted. If this bit is already set when another address decode conflict occurs, BERR
will still be generated. The chip-select logic will protect the IMP from issuing two simulta-
neous chip selects by employing a priority system.

NOTE

Regardless of the state of the chip-select programming, this bit
will not be set and BERR will not be asserted for an address de-
code conflict occurring during access to a system configuration
register. This is provided to guarantee access to the system con-
figuration registers (BAR and SCR) during initialization.

NOTE

In MC68356, there is no logic that decodes a conflict between
chip-select user-allocated memory and DSP host port address
allocation. Therefore, the DSP host port memory space pro-
grammed in the host port base address register (HBAR) must
not overlap any of the chip select memory blocks.

6.7.3 System Control Bits
The system control logic uses six control bits in the SCR.

WPVE—Write Protect Violation Enable

0= BERR is not asserted when a write protect violation occurs.
1 = BERR is asserted when a write protect violation occurs.

After system reset, this bit defaults to zero.
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NOTE
WPV will be set, regardless of the value of WPVE.

RMCST—RMC Cycle Special Treatment

0 = The locked read-modify-write cycles of the TAS instruction will be identical to the
M68000 (AS and CS will be asserted during the entire cycle). The arbiter will issue
BG, regardless of the M68000 core RMC. If an IMP chip select is used, the DTACK
generator will insert wait states on the read cycle only.

1= The IMP uses RMC to negate A AS and CS at the end of the read portlon of the RMC
cycle and reasserts AS and CS at the beginning of the write portion. BG will not be
asserted untif the end of the write portion. If an IMP chip select is used, the DTACK
generator will insert wait states on both the read and write portion of the cycles.

The assertion of the RMC by the M68000 core is seen by the arbiter and will prevent the
arbiter from issuing bus grants until the completion of M68000-initiated locked read-mod-
ify-write activity. After system reset, this bit defaults to zero. :

EMWS—External Master Wait State (EMWS);

When EMWS is set and an external master is using the chip-select logic for DTACK gen-
eration or is synchronously reading from the internal peripherals (SAM = 1), one additional
wait state will be inserted in every memory cycle to external memory and peripherals and
also in every cycle to internal memory and peripherals. When EMWS is cleared, all syn-
chronous internal accesses will be with zero wait states, and the chip-select logic will gen-
erate DTACK after the exact programmed number of wait states. The chip-select lines are
asserted slightly earlier for internal master memory cycles than for an external master.
EMWS should be set whenever these timing differences will necessitate an additional wait
state for external masters. After system reset, this bit defaults to zero.

ADCE—Address Decode Conflict Enable

0 = BERR is not asserted by a conflict in the chip-select logic when two or more chip-
select lines are programmed to overlap the same area.

1= BERR is asserted by a conflict in the chip-select logic when two or more chip-select
lines are programmed to overlap the same area.

After system reset, this bit defaults to zero.

NOTE
ADC will be set, regardless of the value of ADCE.

BCLM—Bus Clear Mask

0 = The arbiter does not use the M68000 core internal IPEND signal to assert the in-
ternal and external bus clear signals.
1 = The arbiter uses the M68000 core internal IPEND signal to assert the internal and
external bus clear signals.
After system reset, this bit defaults to zero. If BCLM is set, then the typical maximum inter-
rupt latency is about 78 clocks in a zero-wait-state system. This assumes a standard instruc-
tion mix, that the IDMA is just beginning a four-bus-cycle transfer when the interrupt
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becomes pending, and that an SDMA has an access pending (one bus cycle). Interrupt ex-
ecution time is 44 clocks and includes the time to execute the interrupt acknowledge cycle,
save the status register and PC value on the stack, and then vector to the first location of
the interrupt service routine. Thus, the calculation is 78 = 14 (instruction completion) + 20
(DMAS) + 44 (interrupt execution).

SDMA operation is not affected by the BCLM bit. Note that the SDMA accesses only one
byte/word of external memory at a time before giving up the bus and that accesses are rel-
atively infrequent. External bus master operation may or may not be affecied by the BCLM
bit, depending on whether the BCLR signal is used to clear the external master off the bus.

BCLM bit affects PCMCIA operation, if enabled in PCMR register (see 8.4.2 PCMCIA Mode
Register - PCMR).

Without using the BCLM bit, the maximum interrupt latency includes the maximum time that
the IDMA or external bus master could use the bus in the worst case. Note that the IDMA
can limit its bus usage if its requests are generated internally.

NOTE
The IPA status bit will be set, regardless of the BCLM value.

SAM—Synchronous Access Mode

This bit controls how external masters may access the IMP peripheral area. This bit is not
relevant for applications that do not have external bus masters that access the IMP. In ap-
plications such as disable CPU mode, in which the M68000 core is not operating, the user
should note that SAM may be changed by an external master on the first access of the
IMP, but that first write access must be asynchronous with three wait states. (if DTACK is
used to terminate bus cycles, this change need not influence hardware.)
0 = Asynchronous accesses. All accesses to the IMP internal RAM and registers (in-
cluding BAR and SCR) by an external master are asynchronous to the IMP clock.
Read and write accesses are with three wait states, and DTACK is asserted by the
IMP assuming three wait-state accesses. This is the default value.
1 = Synchronous accesses. All accesses to the IMP internal RAM and registers (in-
cluding BAR and SCR) must be synchronous to the IMP clock. Synchronous read
accesses may occur with one wait state if EMWS is also set to one.

6.7.4 Disable CPU Logic (M68000)

The IMP can be configured to operate solely as a peripheral to an external processor. In this
mode, the on-chip M68000 CPU should be disabled by strapping DISCPU high during sys-
tem reset (RESET and HALT asserted simultaneously). The internal accesses to the IMP
peripherals and memory may be asynchronous or synchronous. During synchronous reads,
one wait state may be used if required (EMWS bit set). The following pins change their func-
tionality in this mode:

1. BR will be an output from the IDMA and SDMA to the external M68000 bus, rather than
being an input to the IMP.

2. BG will be an input to the IDMA and SDMA from the external M68000 bus, rather than
being an output from the IMP. When BG is sampled as low by the IMP, it waits for AS,
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BERR, HALT, and BGACK to be negated, and then asserts BGACK and performs one
or more bus cycles.

3. BCLR will be an input to the IDMA, but will remain an output from the SDMA.

4. The interrupt controller will output its interrupt request lines (IPLO, IPLT, TPL2) normally
sent to the M68000 core on pins IOUTO, IOUT1, and IOUTZ2, respectively. AVEC,
RMC, and CSO0, which share pins with TOUTO, 10UT1, and TOUT2, respectively, are
not available in this mode.

DISCPU should remain continuously high during disable CPU mode operation. Although the
CSO0 pin is not available as an output from the device in disable CPU mode, it may be en-
abled to provide DTACK generation. In disable CPU mode, BRO is initially $C000.

Accesses by an external master to the IMP RAM and registers may be asynchronous or syn-
chronous to the IMP clock. (This feature is actually available regardless of disable CPU
mode). See the SAM and EMWS bits in the SCR for details.

In disable CPU mode, the interrupt controller may be programmed to generate or not gen-
erate interrupt vectors during interrupt acknowledge cycles. When muttiple IMP devices
share a single M68000 bus, vector generation at level 4 should be prevented on all but one
IMP. When using disable CPU mode to implement an interface, such as between the
MC68020 and a single IMP, vector generation can be enabled. For this purpose, the VGE
bit is defined.

VGE—Vector Generation Enable
0 = In disable CPU mode, the IMP will not output interrupt vectors during interrupt ac-
knowledge cycles. ‘
1 = In disable CPU mode, the IMP will output interrupt vectors for internal level 4 inter-
rupts (and for levels 1, 6, and/or 7 as enabled in the interrupt controller) during in-
terrupt acknowledge cycles.

NOTE

Do not use the function code value "111" during external access-
es to the IMP, except during interrupt acknowledge cycles.

In disable CPU mode, the low-power modes will be entered immediately upon the setting of
the LPEN bit in the SCR by an external master. In this case, low-power mode will continue
until the LPEN bit is cleared. Users may wish to use a low-power mode in conjunction with
disable CPU mode to save power consumed by the disabled M68000 core.

AllIMP functionality not expressly mentioned in this section is retained in disable CPU mode
and operates identically as before.

NOTE

Even without the use of the disable CPU logic, another proces-
sor can be granted access to the IMP on-chip peripherals by re-
questing the M68000 bus with BR. See 6.7.6 Hardware
Watchdog for further details.
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RME—Ram Microcode Enable
This bit is used to initiate the execution of Communication Processor microcode that
has been loaded into the dual port RAM. See B.5 RISC Microcode from RAM.
6.7.5 Bus Arbitration Logic

Both internal and external bus arbitration are discussed in the following paragraphs.

6.7.5.1 Internal Bus Arbitration
The IMP bus arbiter supports three bus request sources in the following standard priority:

1. External bus master (BR pin)

2. SDMA for the SCCs (six channels)
3. IDMA (one channel)

4. PCMCIA Controller

When one of these sources desires the bus, the M68000 core will be forced off through an
internal bus request signal (CBR) from the bus arbiter to the M68000 core (see Figure 6-11).
When the arbiter detects the assertion of the M68000 core bus grant (CBG) signal, it asserts
the requester's bus grant signal according to its priority. Thus, as seen externally, the SDMA
and IDMA channels do not affect BR and BG, but only BGACK (unless disable CPU mode

is used).

The IMP provides several options for changing the preceding bus master priority list. The
options are configured by setting the BCLM bit in the SCR and deciding whether or not the
BCLR pin is used externally to cause external bus masters to relinquish the bus (see Table
6-10), and by enabling BCLR functions in PCMR Register.
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IR&CG

ER = EXTERNAL BUS REQUEST

IR = INTERNAL BUS REQUEST (IDMA OR SDMA)
CG = CORE BUS GRANT

EG = EXTERNAL GRANT

IG = INTERNAL GRANT

IDLE= BUS IDLE OR CORE CYCLE

Figure 6-11. IMP Bus Arbiter
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Table 6-10. Bus Arbitration Priority Table

BCLR Ignored BCLR Used BCLR Ignored BCLR Used
BCLM=0 BCLM =0 BCLM =1 BCLM =1

BR Pin SDMA BR Pin SDMA

SDMA IDMA SDMA M68000 Interrupts
IDMA PCMCIA/DSPIMP M68000 Interrupts IDMA%
PCMCIA/DSPIMP BR Pin IDMA* PCMCIA/DSPIMP
M68000 Interrupts M68000 Interrupts PCMCIA/DSPIMP BR Pin

M68000 M68000 M68000 M68000

NOTES:
1.The SDMA on a given IMP always has a higher priority than the IDMA on that IMP.

2.This table assumes the M68000 core is not in disable CPU mode. In disable CPU mode, the
SDMA and [DMA make requests to the M68000 bus when they wish to become bus masters.

3."BCLR Used" means that the BCLR pin is used externally to force the external bus master
off the bus, even though its priority is still the highest in the system from the standpoint of the
IMP bus arbiter.

4.The bus arbitration priority for IDMA in the two rightmost columns of the table applies only to the case
when the IDMA request is internally generated; for the cases of external request, the bus arbitration
priority of IDMA is right below that of SDMA.

The IMP bus arbiter also supports an M68000 core low-interrupt latency option. When the
M68000 core processor has an unmasked interrupt request, it asserts an internal interrupt
pending signal (IPEND). The bus arbiter uses this signal according to BCLM in the SCR to
assert external (BCLR) and internal bus-clear (IBCLR) signals. These bus-clear signals al-
low the M68000 core to eliminate long latencies potentially associated with an external bus
master or the IDMA, respectively.

The external BCLR is asserted whenever 1) one of the SDMA channels requests the bus
when the IDMA is not the bus master or 2) the M68000 core has an unmasked pending in-
terrupt request, provided BCLM in the SCR is set. In this case, BCLR will be asserted until
the interrupt priority active (IPA) bit in the SCR is cleared. To implement this feature, BCLR
would be used to force external devices to release bus ownership.

IBCLR to the IDMA is asserted whenever 1) an external bus master requests the bus (BR
asserted); 2) the M68000 core has an unmasked pending interrupt request, provided BCLM
in the SCR is set and the IDMA request is internally generated, and in this case, BCLR will
be asserted until IPA is cleared (Note that BCLR could be used to negate DREQ when the
IDMA is in external request mode); 3) the M68000 CPU is disabled, and BCLR is asserted.

The IBCLR signal causes the IDMA to release bus ownership at the end of the current op-
erand transfer. IBCLR is not routed to the SDMA channels since they always release bus
ownership after one operand transfer.

RMC is issued by the MB8000 core and can be used by the internal bus arbiter to delay is-
suance of BG during read-modify-write cycles. This is controlled by the RMCST bit in the
SCR. Otherwise, the MC68000/MC68008 core may be forced off the bus after any bus cy-
cle.
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6.7.5.2 External Bus Arbitration

An external bus master may gain ownership of the M68000 bus by asserting the bus request
(BR) pin. After gaining ownership, it may access the IMP registers or RAM or any system
memory address. Chip selects and system control functions, such as the hardware watch-
dog, continue to operate.

When an external master desires to gain ownership, the standard M68000 bus arbitration
protocol should be used:

1. lIssue BR (to the IMP on-chip bus arbiter).

Wait for BG (from the IMP on-chip bus arbiter).

When BG is asserted, wait for the negation of both AS and BGACK.
Assert BGACK and begin external master bus cycles.

Negate BR (to the IMP on-chip bus arbiter), causing BG to be negated
by the IMP on-chip bus arbiter.

6. Negate BGACK after the external master bus cycles have completed.

This protocol is also followed by the on-chip bus masters (IDMA, SDMA, and DRAM refresh)
except that they request the bus internally from the on-chip bus arbiter.

ok~ 0D

In the disable CPU mode, the IMP makes requests for the bus rather than granting the bus.
In such a system, the IMP functions as an external master, and the external processor {(e.g.,
an MC68030) need not assert BGACK as it accesses the IMP's on-chip RAM and registers.

NOTE

When the IMP's BUSW pin is low causing the M68000 core to
operate as an MC68008, the BGACK signal should still be used
in bus arbitration control. On the original MC68008, the BGACK
signal was not available externally, and therefore could not be
used.

6.7.6 Hardware Watchdog

The hardware watchdog logic is used to assert BERR and set HWT when a bus cycle is not
terminated by DTACK and after a programmable number of clock cycles has elapsed. The
hardware watchdog logic has a 10-bit downcounter and a 4-bit prescaler. When enabled,
the watchdog timer commences counting clock cycles as AS is asserted (for internal or ex-
ternal bus masters). The count is terminated normally by the negation of AS; however, if the
count reaches zero before AS is negated, BERR will be asserted until AS is negated. The
hardware watchdog will operate with internal as well as external bus masters.

The hardware watchdog logic uses four bits in the SCR.

HWDEN—Hardware Watchdog Enable

0= The hardware watchdog is disabled.
1 = The hardware watchdog is enabled.

After system reset, this bit defaults to one to enable the hardware watchdog.

6-62 MC68356 USER’S MANUAL MOTOROGLA



System Integration Block (SIB)

HWDCN-HWDCNO—Hardware Watchdog Count 2-0

000 = BERR is asserted after 128 clock cycles (8 us, 16-MHz clock)

001 = BERR is asserted after 256 clock cycles (16 us, 16-MHz clock)

010 = BERR is asserted after 512 clock cycles (32 us, 16-MHz clock)

011 = BERR is asserted after 1K clock cycles (64 us, 16-MHz clock)

100 = BERR is asserted after 2K clock cycles (128 ps, 16-MHz clock)
101 = BERR is asserted after 4K clock cycles (256 us, 16-MHz clock)
110 = BERR is asserted after 8K clock cycles (512 us, 16-MHz clock)

111 = BERR is asserted after 16K clock cycles (1 ms, 16-MHz clock)

After system reset, these bits default to all ones; thus, BERR will be asserted after 1 ms
for a 16-MHz system clock.

NOTE

Successive timeouts of the hardware watchdog may vary slight-
ly in length. The counter resolution is 16 clock cycles.

6.8 DYNAMIC RAM REFRESH CONTROLLER

The communications processor (CP) main (RISC) controller may be configured to handle
the dynamic RAM (DRAM) refresh task without any intervention from the M68000 core. Use
of this feature requires a timer or SCC baud rate generator (either from the IMP or external-
ly), the 1/O pin PB8, and two transmit buffer descriptors from SCC2 (Tx BD6 and Tx BD7).

The DRAM refresh controller routine executes in 25 clock cycles. Assuming a refresh cycle
every 15.625 us, two wait state DRAMs, and a 16.67-MHz EXTAL frequency, this routine
uses about 10 percent of the microcontroller bandwidth and 4 percent of the M68000 bus
bandwidth. The refresh cycle will not be executed during a period that a bus exception (i.e.,
RESET, HALT, or BERR) is active. The refresh cycle is a standard M68000-type read cycle
(an SDMA byte read cycle). It does not generate row address strobe (RAS) and column ad-
dress strobe (CAS) to the external DRAM. These functions require an external PAL. Use of
the DRAM refresh controller will slightly reduce the maximum possible serial data rates of
the SCCs.

6.8.1 Hardware Setup

An output of timer 1 or timer 2 (the TOUT pin) or one of the SCC's baud rate generator out-
puts (BRG3-BRG1) should be connected externally to PB8. A high-to-low transition on this
edge causes a request to be generated to the main controller to perform one refresh cycle.
The DRAM refresh request takes priority over all SCC channels and commands given to the
CP command register.

A block diagram of an IMP DRAM system is shown in Figure 6-12. The IMP generates stan-
dard M68000 read and write cycles that must be converted to DRAM read and write cycles.
The address buffers provide the multiplexing of the row and column addresses to the DRAM
bank. The PAL generates the RAS and CAS lines for the DRAM chips and controls the ad-
dress multiplexing in the external address buffers. One of the MC68000 chip-select lines can
be used as the DRAM bank enable signal, if desired.
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The refresh operation is a byte read operation. Thus, UDS or LDS will be asserted from the
IMP, but not both. A refresh to an odd address will assert LDS; whereas, a refresh to an even
address will assert UDS.

CONTROL

Y

PAL
MC68356 ADDRESS

l:- TOUT OR BRG MUX CONTROL
PBs y

DRAM
ADDRESS
>|  BUFFERS > BAW

DATA

Figure 6-12. DRAM Control Block Diagram

6.8.2 DRAM Refresh Controller Bus Timing

The DRAM refresh controller bus cycles are actually SDMA byte read accesses (see 7.2
SDMA Channels for more details). All timings, signals, and arbitration characteristics of
SDMA accesses apply to the DRAM refresh controller accesses. For example, DRAM re-
fresh cycles activate the BCLR signal, just like the SDMA. Note that the function code bits
may be used to distinguish DRAM refresh cycles from SDMA cycles, if desired.

Abus error on a DRAM refresh controller access causes the BERR channel number at offset
BASE + $67C to be written with a $0001. This is also the value written if the SCC1 receive
SDMA channel experiences a bus error; thus, these two sources cannot be distinguished
upon a bus error. The DRAM refresh SDMA channel and SCC1 receive SDMA channel are
separate and independent in all other respects.

6.8.3 Refresh Request Calculations

A typical 1-Mbyte DRAM needs one refresh cycle every 15.625 us. The DRAM refresh con-
troller is configured to execute one refresh cycle per request; thus, the PB8 pin should see
a high-to-low transition every 15.625 us. This is once every 260 cycles for a 16.67-MHz
clock. Note that one refresh per request minimizes the speed loss on the SCC channels.

6.8.4 Initialization

The user should first initialize the refresh routine parameters in the SCC2 parameter RAM.
These parameters are the DRAM low starting address, the DRAM high starting address, the
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DRAM address increment step (number of bytes in a row), the count (number of rows), and
atemporary count. Then, mask the PB8 bit in the IMR (unless an interrupt is desired on each
refresh request). Next, the timer or baud rate generator should be programmed to provide
the desired refresh clock to the PB8 pin. Next, the ERRE bit in the SCR should be set. Then,
upon every high-to-low transition of PB8, the refresh routine executes one refresh (read) cy-
cle. -

ERRE—External RISC Request Enable
- 0= Normal operation.
1 = When this bit is set, a high-to-low transition on PB8 causes the CP to execute the
DRAM refresh routine.

6.8.5 DRAM Refresh Memory Map

The DRAM refresh memory map replaces the SCC2 Tx BD 6 and Tx BD 7 structures in the
parameter RAM. The wrap bit must therefore be set in SCC2 Tx BD 5 so that only six Tx
BDs are used for SCC2. These parameters should be written before the DRAM refresh con-
troller receives its first request, but may be read at any time. They are undefined at reset.

Table 6-11. DRAM Refresh Memory Map Table

Address Name Width Description
Base + 570 # DRAM-High Word Dynamic RAM High Address and FC
Base + 572 # DRAM-Low Word Dynamic RAM Low Address
Base + 574 # INCREMENT Word Increment Step (number 6f bytes/row)
Base + 576 # COUNT Word RAM Refresh Cycle Count (number of rows)
Base + 578 T-ptr-H Word Temporary Refresh High Address and FC
Base + 57A T-ptr-L Word Temporary Refresh Low Address
Base + 57C # T-count Word Temporary Refresh Cycles Count
Base + 57E RESERVED Word Reserved

# Initialized by the user (M68000 core).

DRAM_High—Dynamic RAM High Address and Function Codes

15 14 12 " 8 7 0
[ o [ FC | 000 | HIGH START ADDRESS |
This 16-bit parameter contains the dynamic RAM address space function code output during
the refresh cycle and the high eight bits of the dynamic RAM starting address. This param-
eter should be initialized by the user before activating the refresh routine.

NOTE
The FC bits should not be programmed to the value "111."

DRAM_Low—Dynamic RAM Low Address

This 16-bit parameter contains the lower 16 bits of the dynamic RAM starting address.
This parameter should be initialized by the user before activating the refresh routine.
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INCREMENT—Increment Step

This 16-bit parameter contains the number of bytes in a row. The refresh routine will in-
crement its pointer with this parameter value every refresh cycle. This parameter should
be initialized by the user before activating the refresh routine.

COUNT—RAM Refresh Cycle Count

This 16-bit parameter contains the number of rows in the DRAM. The refresh routine wili
execute the COUNT number of refresh cycles before wrapping back to the RAM base ad-
dress. This parameter should be initialized by the user before activating the refresh rou-
tine.

T_ptr_H and T_ptr_L—Temporary Pointer High and Low

These two 16-bit parameters contain the next refresh cycle address and function code to
be used by the CP. They correspond to DRAM_High and DRAM_Low, respectively.

T.count—Temporary Count

This 16-bit parameter contains the number of refresh cycles that the DRAM refresh con-
troller must still perform before it will wrap to the beginning of the DRAM. This parameter
should be initialized to zero by the user before activating the refresh routine.

6.8.6 Programming Example

An example of programming the DRAM parameters is given for the Motorola MC514256
DRAM. This 1M-bit DRAM is organized in a 256K x 4 arrangement. There are 512 rows and
512 columns on this device. A bank of 4 of these DRAMs is assumed in this example, giving
512K-bytes of memory. If this bank is placed at location $000000 in the IMP address space,
its range would then be $0 to $7FFFFF. Assuming a RAS-only refresh technique is used,
acceptable parameters would be as follows:

DRAM_High = $0000
DRAM_Low = $0100
INCREMENT = $0002
COUNT = $0200
T_Count = $0000

The value of $0000 in DRAM_High results in the refresh access using a function code of
000. Usually, the function code is not required by the DRAM control logic but may assist in
the identification of DRAM refresh accesses during debugging. The starting address is
picked to be $000100 (instead of $000000) to avoid refreshing the BAR and SCR registers -
on the IMP. Depending on the PAL design, an increment value of $0002 can actually refresh
a word at a time, even though the refresh access from the IMP is a byte read. The COUNT
value is the number of word refreshes required in the entire DRAM bank.
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6.9 IMP Control of the DSP Reset, Modes and Interrupts
The DISC register contains the bits that control the following functions:

1. The IMP control of the DSP reset, modes and interrupts.

2. DSP SCiI serial connections

3. TIN1 divide-by-two, and BRG1 and RCLK1/TCLK1 pin options.
ltem #1, IMP control of the DSP reset, modes and interrupts, is described in the following
section. Items #2 and 3 are covered in 7.5.3 DSP Interconnection and Serial Connections
Register-DISC.

Through the DISC register, DSP reset and interrupt functions can be generated from the
IMP instead of using the external DSP pins. The IMP can control the following DSP func-

tions:

1. DSP hardware reset: The RESET signal normally connected to the DRESET pin can
be rerouted to the RST bit in the DISC register.

2. Similarly to the reset function, the MODA/IRQA, MODB/IRQB, and MODC/NMI pin
functions can be rerouted to the DISC register bits. The DSP mode can be configured
internally during power-on reset by setting the MODA/IRQA, MODB/IRQB, and
MODC/NMI bits in the DISC register.

3. The IMP can assert the NMI, IRQ1 and IRQ2 interrupt lines of the DSP internally - as
mentioned above, the IRQA, B and/or NMI pins can be rerouted and controlled by the
IMP.

4. The IMP can wake-up the DSP from STOP mode by asserting the IRQ bits or resetting
the DSP using the RST bit.

The 68000 can read and write to the DISC register. This register contains 4 control bits that
select between the external pins and the bits 0-3 in this register. The following multiplexer
outputs are connected to the DSP: reset, MODA/IRQA, MODB/IRQB and MODC/NMI pins
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Figure 6-13. IMP to DSP Reset, Mode and Interrupts

6.9.1 IMP Control of DSP Reset at Power-On Reset
The IMP can reset the DSP and set its initial operating mode using the following procedure:

1. After the IMP has completed its reset initialization routine it should, in a single access to
the DISC register, 1) reset the RST bit to zero, 2) set the MODA, B, C bits to the desired
DSP bootstrap mode, and 3) set all the SEL bits to one. This access switches control of the
DSP reset line to the IMP and holds DSP reset still asserted. The MOD signals are also ap-
plied to the DSP.

Although not required, the DRESET pin can be grounded to hold the DSP in reset until the
IMP is ready to release it from reset. This eliminates the need for separate reset circuitry for
the DRESET pin.

2. To release the DSP from reset, the IMP should, in a single access, 1) set the RST bit to
one, 2) program MODA, B, C to the corresponding value desired for the IRQA,B and NMI
signals (usually ones for the MOD bits to avoid an immediate DSP interrupt), and 3) set the
SELA, B, C bits to the desired signal source (the corresponding SEL bits should be reset to
zero if off-chip interrupt sources are required).

The IMP can interrupt the DSP by setting either the IRQA or IRQB bits in the DSP intercon-
nection and serial connections register (DISC).
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6.9.2 IMP-DSP Reset and Mode Interconnections Register

The DSP interconnection and serial connections register (DISC) is a 16-bit read/write regis-
ter. The lower 8 bits allow the 68000 to control the DSP reset, modes, and interrupt lines
directly through internal connections. This register, for example, allows the 68000 core to
toggle the DSP IRQ line to wake the DSP up from STOP mode. The upper 8 bits control the
DSP SCI serial connections, the TIN1 divide-by-two option, and the BRG1 and RCLK1/
TCLK1 pin options. Refer to 7.5.3 DSP Interconnection and Serial Connections Register—
DISC for more information on these upper bits.

DISC 68356 Base+$8EE
18 14 13 12 1 10 9 8
[TSTCKI [ TSRCKT [ DISBRGT | BRGDV cs | 2| ci ] 10 ]

RESET: ﬂ
0 0 0 0 0 0 0
0
7 6 5 4 3 2 1 0
| SELC | SELB J SELA SELR | MODC/NMI J MODB/IRQB L MODA/IRQA ] RST J
RESET:
0 0 0 0 0 0 0
0
NOTE
All bits default to ‘zeros’ (no-connect state) after the IMP system
reset.

SELC—SELect MODC/NMI Pin

0= The DSP MODC/NMI line is driven from the MODC/NMI external pin.
1 = The DSP MODC/NMI line is driven from the MODC/NMI bit in this register (bit 3).

SELB—SELect MODB/IRQBI Pin

0 = The DSP MODB/IRQB line is driven from the MODB/IRQB external pin.
1 = The DSP MODB/IRQB line is driven from the MODB/IRQB bit in this register (bit 2).

SELA—SELect MODA/IRQA Pin

0 = The DSP MODA/IRQA line is driven from the MODA/IRQA external pin.
1 = The DSP MODA/IRQA line is driven from the MODA/IRQA bit in this register (bit 1).

SELR—SELect Reset Pin

0 = The DSP RST line is driven from the RST external pin.
1= The DSP RST line is driven from the RST bit in this register (bit 0).

MODC—MODC/NMI Signal

0 = The DSP MODC/NMI line is zero if SELC is set.
1 = The DSP MODC/NMI line is one if SELC is set.
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MODB—MODB/IRQBI Signal

0= The DSP MODB/IRQB line is zero if SELB is set.
1= The DSP MODB/IRQB line is one if SELB is set.

MODC—MODA/IRQA Signal

0= The DSP MODB/IRQB line is zero if SELC is set.
1= The DSP MODB/IRQB line is one if SELC is set.

RST—Reset Signal

0= The DSP RESET line is asserted if SELR is set.
1= The DSP RESET line is unasserted if SELR is set.

B The TSTCLK1, TSRCLK1, DISBRG1, BRGDIV, IC3, IC2, IC1, and ICO bits are covered in
7.5.3 DSP Interconnection and Serial Connections Register-DISC.
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SECTION 7
COMMUNICATIONS PROCESSOR (CP)

The CP includes the following modules:

Main Controller (RISC Processor)
Six Serial Direct Memory Access (SDMA) Channels
A Command Set Register

Serial Channels Physical Interface Including: a

—NMotorola Interchip Digital Link (IDL)

—General Circuit Interface (GCI), also known as IOM-2

—Pulse Code Modulation (PCM) Highway Interface

—Nonmulitiplexed Serial Interface (NMSI) Implementing Standard Modem Signals
—Direct Connection of SCC1 to the DSP SCl+ port

Three Independent Full Duplex Serial Communication Controllers (SCCs) Supporting
the Following Protocols:

—High-Level/Synchronous Data Link Control (HDLC/SDLC)

—Universal Asynchronous Receiver Transmitter (UART)

—Binary Synchronous Communication (BISYNC)

—Transparent Modes

—Uart 16550 hardware and software emulation

Serial Communication Port (SCP) for Synchronous Communication

Two Serial Management Controliers (SMCs) to Support the IDL and GCl Management
Channels

7.1 MAIN CONTROLLER

The CP main controller is a RISC processor that services the three SCCs, the SCP, and the
SMCs. Its primary responsibilities are to work with the serial channels to implement the user-
chosen protocol and to manage the SDMA channels that transfer data between the SCCs
and memory. The CP main controller also executes commands issued by the M68000 core
(or an external processor) and generates interrupts to the interrupt controlier.

The operation of the main controller is transparent to the user, executing microcode located
in a private internal ROM (see Figure 7-1). Commands may be explicitly written to the main
controller by the M68000 core through the CP command register. Additionally, commands
and status are exchanged between the main controller and the M68000 core through the
buffer descriptors of the serial channels. Also, a number of protocol-specific parameters are
exchanged through several parameter RAM areas in the internal dual-port RAM.
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The RISC controller uses the peripheral bus to communicate with all its peripherals. Each
SCC has a separate transmit and receive FIFO. Depending on the protocol chosen, the
transmit FIFO is either 3 bytes or 4 words, and the receive FIFO is either 3 bytes or 3 words.
Each SCC is configured by parameters written to the dual-port RAM and by SCC hardware
registers that are written by the M68000 core (or an external master). The SCC registers that
configure each SCC are the SCON, DSR, and SCM. There are three sets of these registers,
one for each SCC. The serial channels physical interface is configured by the M68000 core
through the SIMODE and SIMASK registers.

Me8000 DATA BUS

Y DUAL-PORTRAM ¥
PBS REQUEST
A 6 SDMA MICROGODE SYSTEM PARAMETER
CHANNELS ROM RAM RAM
CR REQUEST
\ [
PERIPHERAL BUS
RISC Y Y Y Y
CONTROLLER /
( y (
OTHER UART 16550 FIFO | FIFO FiFo | FIFO FIFO | FIFO sce
SERIAL REGISTER SET HW -
GHANNELS AND FIFO'S* scet sccer sces REGISTERS
\

< R (

L SERIAL SERVICE
REQUESTS PCMCIA BUS PHYSICAL
SERIAL CHANNELS PHYSICAL INTERFACE

REGISTERS

NOTE: If UART 16550 mode is enabled, the UART 16550 block replaces SCC2.

Figure 7-1. Simplified CP Architecture

Simultaneous access of the dual-port RAM by the main controller and the M68000 core (or
external processor) is prevented. During a standard four-clock cycle access of the dual-port
RAM by the M68000 core, three main controller accesses are permitted. The main controller
is delayed one clock cycle, at most, in accessing the dual-port RAM.

The main controller has a priority scheduler that determines which microcode routine is
called when more than one internal request is pending. Requests are serviced in the follow-
ing priority:

1. CP or System Reset

SDMA Bus Error

DRAM Refresh Controller

Commands Issued to the Command Register
SCC1 Receive Channel

SCC1 Transmit Channel

SRR o oA
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7. SCC2 Receive Channel (or 16550 receive channel)
8. SCC2 Transmit Channel (or 16550 transmit channel)
9. SCC3 Receive Channel
10.SCC3 Transmit Channel
11.SMC1 Receive Channel
12.SMC1 Transmit Channel
13. SMC2 Receive Channel
14.8SMC2 Transmit Channel
15. SCP Receive Channel
16.SCP Transmit Channel
For details on the DRAM refresh controller, see 6.8 Dynamic RAM Refresh Controller.

7.2 SDMA CHANNELS

Six serial (SDMA) channels are associated with the three full-duplex SCCs. Each channel
is permanently assigned to service the receive or transmit operation of one of the SCCs and
is always available, regardless of the SCC protocol chosen.

The SDMA channels allow flexibility in-managing the data flow. The user can, on a buffer-
by-buffer basis, determine whether data should be transferred between the SCCs and ex-
ternal memory or between the SCCs and on-chip dual-port RAM. This choice is controlled
in each SCC buffer descriptor. The SCC to external memory path bypasses the dual-port
RAM by allowing the SDMA channel to arbitrate for the M68000 bus directly. The SCC to
dual-port RAM path saves external memory and eliminates the need to arbitrate for the bus.

Figure 7-2 shows the paths of the data flow. Data from the SCCs (as well as the UART
16550 FIFOs) may be routed directly to external RAM as shown in path 1. In path 2, data is
sent over the peripheral bus to the internal dual-port RAM. The SMCs and SCP, shown in
path 3, always route their data to the dual-port RAM since they only receive and transmit a
byte at a time. ’ ‘

The SDMA channels implement bus-cycle-stealing data transfers controlled by microcode
in the CP main controller. Having no user-accessible registers associated with them, the
channels are effectively controlled by the choice of SCC configuration options.

When one SDMA channel needs to transfer data to or from external memory, it will request
the M68000 bus with the internal signal SDBR, wait for SDBG, and then only assert the ex-
ternal signal BGACK (see 6.7.5 Bus Arbitration Logic). It remains the bus master for only
one bus cycle. The six SDMA channels have priority over the IDMA controller. If the IDMA
is bus master when an SDMA channel needs to transfer over the M68000 bus, the SDMA
will steal a cycle from the IDMA with no arbitration overhead while BGACK remains contin-
uously low and BCLR remains high. Each SDMA channel may be programmed with a sep-
arate function code, if desired. The SDMA channel will read 16 bits at a time. It will write 8
bits at a time except during the HDLC or transparent protocols where it writes 16 bits at a
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Figure 7-2. Three Serial Data Flow Paths

time. Each bus cycle is a standard M68000-type bus cycle. The chip select and wait state
generation logic on the IMP may be used with the SDMA channels.

NOTE

When external buffer memory is used, the M68000 bus arbitra-
tion delay must be less than what would cause the SCC internal
FIFOs to overrun or underrun. This aspect is discussed in more
detail in 7.5 Serial Communication Controllers (SCCs) and in
Appendix A SCC Performance.

The SDMA will assert the external BCLR pin when it requests the bus. BCLR can be used
to clear an external bus master from the external bus, if desired. For instance, BCLR can be
connected through logic to the external master's HALT signal, and then be negated exter-
nally when the external master's AS signal is negated. BCLR as seen from the IMP is ne-
gated by the SDMA during its access to memory.

The SDMA keeps the M68000 bus for only one operand (8 or 16 bit) transfer before giving
it up. If the SDMA begins a word operation on an 8-bit bus, it will complete that operation
before giving up the bus, unless a bus exception such as reset, halt, retry, or bus error oc-
curs. Reset suspends and resets all SDMA activity. Halt suspends activity after the current
bus cycle. For information on a bus error. during an SDMA access, see 7.5.9.4 Bus Error on
SDMA Access.

SDMA operation occurs regardless of the value of the BCLM bit in the SCR, and thus is not
affected by the low interrupt latency mechanism.
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7.3 COMMAND SET

The M68000 core processor (or an external processor) issues commands to the CP by writ-
ing to the CP command register (CR). Only one CR exists on the IMP. The M68000 core
should set the least significant bit (FLG) of the command register when it issues commands.
The CP clears FLG after completing the command to indicate to the M68000 core that it is
ready for the next command. Subsequent commands to the CR may be given only after FLG
is cleared. The software reset (issued with the RST bit) command may be given regardless
of the state of FLG, but the M68000 core should still set FLG when setting RST.

The CR, an 8-bit, memory-mapped, read-write register, is cleared by reset.

7 6 5 4 3

2 1
I RST | GCl I OPCODE I - I CH.NUM.

0
4[ FLGI

RST—Software Reset Command

This bit is set by the M68000 core and cleared by the CP. This command is useful when
the M68000 core wants to reset the registers and parameters for all channels (SCCs,
SCP, SMCs). The main controller in the CP detects this command by hardware, clears
the FLG bit within two clocks, and resets the entire CP in approximately 60 clocks. User
initialization of the CP registers may begin as soon as the FLG bit is cleared. The CP reset
resets the SCCs to the state following a hardware reset, but it does not affect the serial
interface (the port A and B registers, the configuration of the SIMODE and SIMASK reg-
isters, and the SCON registers). Note that this operation does not clear IPR bits in the in-
terrupt controller.

GCI-OPCODE—GCI Commands and Command Opcodes
0 = When the GCI bit is zero, the commands are as follows:

OPCODE—Command Opcode

These bits are set by the M68000 core to define the specific SCC command. The precise
meaning of each command below depends on the protocol chosen.

00 = STOP TRANSMIT Command

01 = RESTART TRANSMIT Command

10 = ENTER HUNT MODE Command

11 = RESET RECEIVER BCS CALCULATION (used only in BISYNC mode)

The detailed command description for the UART protocol is presented in 7.5.12 UART
Controller. ‘

The detailed command description for the HDLC protocol is presented in 7.5.14 HDLC
Controller. ' ’

The detailed command description for the BISYNC protocol is presented in 7.5.15 BI-
SYNC Controller.

The detailed command description for the transparent protocol is presented in 7.5.16
Transparent Controller.

1= When GCl is set in conjunction with the opcode bits, the two GCl commands
(ABORT REQUEST and TIMEOUT) are generated. The accompanying CH. NUM.
should be 10, and FLG should be set.
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OPCODE—Command Opcode (GCI Mode Only)
These bits are set by the M68000 core to define the specific GCI command See 7.8 Serial
Management Controllers (SMCs) for more details.
00 = TRANSMIT ABORT REQUEST; the GCI receiver sends an abort request on the
A bit.
01 = TIMEOUT Command
10 = Reserved
11 = Reserved

Bit 3——Reserved bit; should be set to zero.

CH. NUM.—Channel Number

These bits are set by the M68000 core to define the specific SCC channel that the com-
mand is to operate upon.

00 = SCC1
01 = SCC2
10= SCC3

11 = Reserved

FLG—Command Semaphore Flag
The bit is set by the M68000 core and cleared by the CP.

0= The CP is ready to receive a new command.

1 = The CR contains a command that the CP is currently processing. The CP clears
this bit at the end of command execution. Note that the execution of the STOP
TRANSMIT or RESTART TRANSMIT commands may not affect the TXD pin until
many clocks after the FLG bit is cleared by the CP due to the transmit FIFO latency.

7.3.1 Command Execution Latency

Commands are executed at a priority higher than the SCCs, but less than the priority of the
DRAM refresh controller. The longest command, the ENTER HUNT MODE command, ex-
ecutes in 41 clocks. All other commands execute in less than 20 clocks. The maximum com-
mand latency is calculated as follows:

e Command execution time (41 or 20) +
¢ 25 clocks if DRAM refresh controller is used +

—205 clocks if any SCC is enabled with BISYNC; or

—165 clocks if any SCC is enabled with Transparent; or

—165 clocks if any SCC is enabled with HDLC; or

—150 clocks if any SCC is enabled with UART or UART16550; else O
For example, if HDLC and UART modes are used on the SCCs with the DRAM refresh con-
troller operating, the maximum command latency is 41 + 25 + 165 = 231 clocks = 13 us at
16.67 MHz. The equations assume that the DRAM refresh cycle occurs once during the
command latency. Note that commands are typically given only in special error-handling sit-
uations and that the typical latency is much less than the worst case value.
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7.4 SERIAL CHANNELS PHYSICAL INTERFACE

The serial channels physical interface joins the physical layer serial lines to the three SCCs
and the two SMCs. (The separate three-wire SCP interface is described in 7.7 Serial Com-
munication Port (SCP).)

The IMP supports five different external physical interfaces from the SCCs:
1. NMSI—Nonmultiplexed Serial Interface
2. PCM—Pulse Code Modulation Highway
3. IDL—Interchip Digital Link
4. GCl—General Circuit Interface
5. UART 16550 physical register set through the PCMCIA interface

The most generic physical interface on the IMP is the nonmultiplexed serial interface (NM-
Sl). The NMSI consists of seven of the basic modem (or RS-232) signals: TXD, TCLK, RXD,
RCLK, RTS, CTS, and CD. Each SCC can have its own set of NMSI signals as shown in
Figure 7-3. In addition to the NMSI, the baud rate generator clocks may be output on sepa-
rate BRG pins as shown. All NMSI2 pins are multiplexed with parallel I/O pins assuming that
the PCMCIA interface is not enabled for a 16 bit data bus which in that case these pins will
be dedicated to the PCMCIA interface upper data bits and NMSI2 will not be accessible. The
user may choose which NMSI2 pins are used by the SCC2 and which are used as parallel
1/0. On NMSI3, the TXD, TCLK, RXD, and RCLK pins are multiplexed with paralle! /O lines;
RTS, CTS, and CD are multiplexed with the SCP. See 7.7 Serial Communication Port (SCP)
for more details on the SCP.

When the PCMCIA interface is enabled NMSI1 signals CD1, CTS1, RTS1 and BRG1 will
not be accessible unless the IPINS bit in the PCMR register is set. This bit should be set
when it is desired to have a ISDN interface and a PCMCIA interface simuitaneously.

The other three physical interfaces, PCM, IDL, and GCI here are called multipiexed interfac-
es since they allow data from one, two, or all three SCCs to be time multiplexed together on
the same pins. Note that if a multiplexed mode is chosen, the first SCC to use that mode
must be SCC1 (unless the IC3-1 in the DISC register is set to 1001) since the three multi-
plexed modes share pins with SCC1. If the IC3-1 bits in the DISC register=1001, then SCC1
will not be connected to the multiplexed interface as shown in Figure 7-4.

After choosing a multiplexed mode, the user may decide whether SCC2 and SCC3 should
be part of the multiplexed interface or whether they should have their own set of NMSI pins
(see Figure 7-4). If SCC2 or SCC3 is part of the muitiplexed interface, all NMSI2 and NMSI3
pins may be used for other functions such as parallel I/O. If a multiplexed mode is chosen,
the baud rate generator clock is output on the BRG or TCLK pin, depending on whether the
NMSI mode or muitiplexed mode, respectively, was chosen for that SCC.
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Figure 7-3. NMSI Physical Interface
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Figure 7-4. Multiplexed Mode on SCC1 Opens Additional
Configuration Possibilities

There are five serial channel physical interface combinations for the three SCCs (see Table
7-1). .

Table 7-1. The Five Possible SCC Combinations

ScC 1 2 3 4 5
SCCH NMSI MUX MUX* MUX* MUX*
SCC2 NMSI NMS!I MUX NMSI MUX
SCC3 NMSI NMSI NMSI " MUX MUX

NOTE: MUX s defined as one of the following: IDL, GCI, or PCM highway.

If IC=1001 in the DISC register, then SCC1 will not be connected to the muxed interface.

The PCM highway interface is a flexible time-division multiplexed interface. It allows the IMP
to connect to popular time-slot interfaces such as T1 and CEPT as well as user-defined
time-slot interfaces.
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The IDL and GCI (IOM-2) interfaces are used to connect to semiconductor devices that sup-
port the Integrated Services Digital Network (ISDN). IDL and GCI allow the IMP to commu-
nicate over any of the 2B + D ISDN basic rate channels.

When using the IDL or GCI buses, additional control functions in the frame structure are re-
quired. These functions are supported in the IMP through two SMC channels: SMC1 and
SMC2. (For other matters relating to the SMCs, refer to 7.8 Serial Management Controllers
(SMCs)).

The serial interface also supports two testing modes: echo and loopback. Echo mode pro-
vides a return signal from the physical interface by retransmitting the signal it has received.
The physical interface echo mode differs from the individual SCC echo mode in that it can
operate on the entire multiplexed signal rather than just on a particular SCC channel (which
may further have particular bits masked). Loopback mode causes the physical interface to
receive the same signal it is transmitting. The physical interface loopback mode checks
more than the individual SCC.loopback mode; it checks the physical interface and the inter-
nal channel routes.

Refer to Figure 7-5 for the serial channels physical interface block diagram.

M68000 DATA BUS

( Y

SIMASK SIMODE
MASK REGISTER MODE REGISTER
TO SMC1 TO sMC2 TOSCCH TO siccz TO SCC3
lMuxl |MUX| |MUX|
A\ A A A A A
PHYSICAL INTERFACE BUS y y \
A A A
[} a w w w
SRR E 2
Q
y y o
LAYER-1BUS < TIME-SLOT
INTERFACE ASSIGNER
A A \ A
g 2 8 & s x
har] ] Q) ® Q
1 ( - -
Y Y Y
ISDN INTERFACE OR SCC1 scc2 SCCs

Figure 7-5. Serial Channels Physical Interface Block Diagram
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7.4.1 IDL Interface

The IDL interface is a full-duplex ISDN interface used to interconnect a physical layer device
(such as the Motorola ISDN S/T transceiver MC145474) to the integrated multiprotocol pro-
cessor (IMP). Data on five channels (B1, B2, D, A, and M) is transferred in a 20-bit frame
every 125 us, providing 160-kbps full-duplex bandwidth. The IMP is an IDL slave device that
is clocked by the IDL bus master (physical layer device). The IMP provides direct connec-
tions to the MC145474. Refer to Figure 7-6 for the IDL bus signals.

The IMP supports 10-bit IDL as shown in Figure 7-6; it does not support 8-bit IDL.

L1sY1 ’

(CLOCK NOT TO SCALE)
L1TXD Bt D A B2 D M |—
L1IRXD Bi D A B2 D M
T
SCC1-SCC3 SMc2 SMC1
(L1RQ and L1GR not shown)
Example: B1 supports 2 bits; B2 supports 3 bits
SIMASK = $26C0; SIMODE = $01B2
s m———-- - -——r— -
LITXD | THREE-STATE Bt [ o | A —] B B2 b | M ——
I
jmm——m=——- - ——— — =
LIRXD : DONT CARE gt | o | A }—] B2 B2 b | M b——
| e e e~ _ I N
6 2 1 1 1 2 2 1 2 1 1
SCC2 SCC3  SMC2 scct SCC1 SCC3  SMC1

Figure 7-6. IDL Bus Signals

An application of the IDL interface is to build a basic rate ISDN terminal adaptor (see Figure
7-7). In such an application, the IDL interface is used to connect the 2B + D channeis be-
tween the IMP, CODEC, and S/T transceiver. One of the IMP SCCs would be configured to
HDLC mode to handle the D channel; another IMP SCC would be used to rate adapt the
terminal data stream over the B channel. That SCC would be configured for HDLC mode if
V.120 rate adaption is required. The second B channel could be routed to the CODEC as a
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digital voice channel, if desired. The SCP is used to send initialization commands and peri-
odically check status from the S/T transceiver. The SCC connected to the terminal would be
configured for UART or BISYNC mode depending on the terminal protocol used.

RAM EPROM
A \
MC145554
PCM >

< Y M68000 BUS / > CODEC/FILTER

Y Bl MONOCIRCUIT

POTS
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M6BO0O/DMA/CS
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ASYNCHRONOUS/
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(DATA) IcL
SCe o) (CONTROL} Mcgﬁm B

TRANSCEIVER
B1+B2+D 1

r | POCC

FOUR WIRE

Figure 7-7. IDL Terminal Adaptor

The IMP has two output data strobe lines (SDS1 and SDS2) for selecting either or both the
B1 and B2 channels. These signals are used for interfacing devices that do not support the
IDL bus. These signals, configured by the SIMASK register, are active only for bits that are
not masked. The IDL signals are as follows:

L1CLK IDL clock; input to the IMP.
IDL transmit data; output from the IMP. Valid only for the bits that

L1TXD are supported by the IDL; three-stated otherwise.
IDL receive data; input to the IMP. Valid for the 20 bits of the IDL;
L1RXD . .
ignored for other signals that may be present.
L1SY1 IDL SYNC signal; input to the IMP. This signal indicates that the
20 clock periods following the pulse designate the IDL frame.
Request permission to transmit on the D channel; output from the
L1RQ IMP
L1GR Grant permission to transmit on the D channel; input to the IMP.
SDSH1 Serial data strobe 1
SDS2 Serial data strobe 2
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NOTE

The IDL bus signals, L1TXD and L1RXD, require pull-up resis-
tors in order to insure proper operation with transceivers.

In addition to the 144-kbps ISDN 2B + D channels, IDL provides channels for maintenance
and auxiliary bandwidth. The IDL bus has five channels:

B1 64-kbps Bearer Channel

B2 64-kbps Bearer Channel

D » 16-kbps Signaling Channel

M 8-kbps Maintenance Channel (not required by IDL)
A 8-kbps Auxiliary Channel (not required by IDL)

channel can be routed. The two B channels can be concatenated and routed to the same

The IMP supports all five channels of the IDL bus. The following table shows where each ﬂ
SCC channel.

IDL Channel Serial Controllers
D SCC1, SCC2, SCC3
B1 SCC1, SCC2, sCC3
B2 SCCHt, SCC2, scC3
M SMC1
A SMC2

The IMP supports the request-grant method for contention detection on the D channel.
When the IMP has data to transmit on the D channel, it asserts L1RQ. The physical layer
device monitors the physical layer bus for activity on the D channel and indicates that the
channel is free by asserting L1GR. The IMP samples the L1GR signal when L1SY1 is as-
serted. If L1GR is high (active), the IMP transmits the first zero of the opening flag in the first
bit of the D channel. If a collision is detected on the D channel, the physical layer device ne-
gates L1GR. The IMP then stops its transmission and retransmits the frame when L1GR is
asserted again. This is handled automatically for the first two buffers of the frame.

The IDL interface supports the CCITT [.460 recommendation for data rate adaptation. The
IDL interface can access each bit of the B channel as an 8-kbps channel. A serial interface
mask register (SIMASK) for the B channels specifies which bits are supported by the IDL
" interface. The receiver will support only the bits enabled by SIMASK. The transmitter will
transmit only the bits enabled by the mask register and will th