TOSHIBA TMP68305

PART 5
TMP68305F-16

Chapter 1 Introduction

TMP68305 uses the 68HC000, the CMOS version of the 68000, as its core processor. It also includes
peripheral circuits such as a serial interface, timer, interrupt controller, DMA controller, clock generator,
and address decoder.

In addition, TMP68305 can directly use 68000 development environments and software resources.

® Core processor 68HC000

® Minimum instruction execution time : 240 ns (with 16.67 MHz-system clock)
® 17 32-bit registers

® 16M-byte direct addressing

® 56 powerful basic instructions

® 14 addressing modes

® 2-channel asynchronous serial interface

® 1-channel 16-bit timer/counter

® 9-channel interrupt controller (4 external channels, 5 internal channels)
® 2-channel DMA controller (8MB/s max.)

® Clock generator (duty controller built in)

® 4-channel chip-select signal output (CS0, CS1, CS2, CS3)

® Bus monitor function

® Low power consumption (CMOS)

® 100-pin QFP

TMP68305 has two operating modes: normal operating mode, and emulation mode that enables use of
an in-circuit emulator (ICE), a 68000 development tool. In emulation mode, the 68HCO000 core built into
TMP68305 is disconnected from the bus, and the internal peripheral circuits are controlled by address,
data, and control signals from the development tool.

The 68HC000 core built into TMP68305 is the same as the standard TMP68HCO000, except that 8-bit
peripheral device control signals E, VPA, and VMA are disabled. For 68HC000 operation and
instructions, refer to your TLCS-68000 Data Book.

Figure 1.1 is the TMP68305 block diagram.
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Chapter 2 Signal Description

This section briefly describes input and output signals.

The terms “assert” and “negate” appear frequently. These terms are used to avoid ambiguity when
terms such as “active high” and “active low” are used. “Assert” shows that signals are active or true,
irrespective of whether the signal is electrically high or low. “Negate” shows that signals are inactive or
false.

2.1 Pin Assignments
Figure 2.1 shows the pin assignments.
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Figure 2.1 Pin Assignments (top view)
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Figure 2.2 Normal Mode Input/Output Signals When Configured as Bus Master
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Figure 2.3 Normal Mode Input/Output Signals When Bus Mastership Released
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Figure 2.4 Emulation Mode Input/Output Signals
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2.2 Pin Names and Functions

The following describes pin states and functions in normal and emulation modes.

NOR : Normal mode, EMU : Emulation mode
0.D : Open drain output, O : Output, I: Input, /0O : Input/output

Pin status
Signal name Function
NOR EMU

AltoA23 (o} /0 23-bit address bus. Can directly access 16M bytes of memory.

FCO to FC2 o} /0 These signals show the status of the processor and the current cycle type. For
details, see Table 2.2.

D0 to D15 110 /0 16-bit general-purpose data bus

AS (o} /0 This signal indicates that there is a valid address on the address bus.

R/W o /0 This signal indicates whether the data transfer is read (high) or write (low).

UDS/LDS o /0 These signals control the data on the data bus. See Table 2.1 for details.

DTACK | 0.D This signal indicates the end of a data transfer.

BR 1/0.D I/0.D This signal is wire-ORed with all other devices that could become bus masters.
The signal indicates that another device is requesting bus mastership.

BG 0 (o} This signal indicates to devices that could become bus masters that the
processor will release control of the bus at the end of the current bus cycle.

BGACK 1/0.D I/0.D This signal indicates that another device has become the bus master.

BERR | 0.D This signal reports to the processor that there is a problem in the current
cycle.

RESET 1/0.D I/0.D In combination with HALT, this signal resets the processor. If the RESET
instruction is executed, this signal functions as a reset signal for external
devices.

HALT 1/0.D I/0.D As an input, this signal halts the processor when the current bus cycle ends.
Also, the signal acts as an output when a double bus error exception occurs.

X1, X2 (CLKIN) | | Crystal oscillator connecting pins. System clock can be input to X2 externally.
(In this case, leave X1 open.)

CLKOUT (o} (¢] Output frequency of signals is the same as that generated by the built-in clock
generator.

INTO, INT1, | | External interrupt request input

INT2, INT3

IACKO, IACK1 o} (¢] These signals indicate the interrupt acknowledge cycles corresponding to

IACK2, IACK3 INTO, INT1, INT2, and INT3.

NOR/EMU | | Normal mode/emulation mode switch signal.

EIPLO, EIPL1 | (o} These signals are interrupt requests output from the internal interrupt

EIPL2 controller in emulation mode only. In normal mode, the signals are input but
do not have any function. Thus, fix EIPLO and EIPL1 to low; EIPL2 to high.

EBG [ | In emulation mode, this signal output by the CPU is received by the built-in
DMA controller. In normal mode, fix it to high.
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NOR : Normal mode, EMU : Emulation mode, O : Output, | : Input, /0 : Input/output
Signal name Pin status Function
Pin status
Signal name Function
NOR EMU
DREQO, DREQT, I I DMA request signals to the DMA controller
DACKO, DACKT, (o] 0 Acknowledge signals to peripheral devices from the DMA controller
DONE I/0.D I/0.D Disable signal ignoring DMA requests, end signal suspending DMA operation,
or output signal indicating transfer complete.
DTC (o} (0] Output signal indicating DMA cycle complete
OWN (o} (0] Output signal indicating built-in DMA controller is bus master.
RDY I I READY signal input at DMA transfer from 1/O device with external READY.
CTs1 | | CTS signal for serial interface channel 1
RTS1 0 (o} RTS signal for serial interface channel 1
RxDO, RxD1 | | Receive data input for serial interface
TxDO, TxD1 0 0 Transmit data output for serial interface
BCLK | | Reference clock input for generating the serial interface baud rate.
€S0, Cs1, (0] (o} Signal used to access the memory area specified by the address decoder.
CS2,CS3
Vcc - - Power input pin (+5V)
GND - - GND pin (0 V)
TMO, TM1 - - Shipment test pins. Fix to openin both normal and emulation modes.
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Table 2.1 Data Bus Control By Data Strobe

uDS LDS RAW D8to D15 D0 to D7
H H — Datainvalid Datainvalid
L L H Valid data bits Valid data bits
8to 15 0to7
H L H Data invalid Valid data bits
0to7
L H H Valid data bits Data invalid
8to 15
L L L Valid data bits Valid data bits
8to 15 0to7
H L L Valid data bits Valid data bits
0to 7+ 0to7
L H L Valid data bits Valid data bits
8to 15 810 15*
L: LOW H: HIGH

* . This condition is a result of the current implementation and may not apply in the future.

Table 2.2 Function Code Output

FC2 FC1 FCO Cycle type

L L L *

L L H User data

L H L User program

L H H *

H L L *

H L H Supervisor data

H H L Supervisor program

H H H Interrupt acknowledge (Note)
L: LOW H : HIGH

*: Undefined, for future use
Note: IfFCO,FC1, and FC2 are pulled up, when releasing the bus, the state is the same as an interrupt
acknowledge cycle, and the interrupt controller malfunctions. To prevent this, pull down one of
FC0, FC1, or FC2.
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2.3 Signal Summary
Table 2.3 Signal Summary
. When __| When |
Signal name Mnemonic Input/ Activestate | owte| parT [WhenBGRESET/HA
Out Out asserted asserted | LT both
asserted
Address bus A1toA23 Out (In/Out) H Y Hi-Z Hi-Z Hi-Z
Data bus DOto D15 O H Y | Hiz | Hiz | Hiz
Address strobe AS Out (In/Out) L Y H Hi-Z Hi-Z
Read/write RAW out(infou| 1 {read) Y H Hi-z | Hiz
L (write)

Upper and lower data strobe uDS, LDS Out (In/Out) L Y H Hi-Z Hi-Z
Data transfer acknowledge DTACK In/Out L 0.D. - - -
Bus request BR In/Out L 0.D. - - -
Bus grant BG Out L N H L H
Bus grant acknowledge BGACK In/Out L O.D. - - -
Emulation interrupt priority EIPLO, EIPLT, EIPL2 In/Out L N - - -
Bus error BERR In/Out L 0.D. - - -
Reset RESET In/Out L 0.D. 0.D. 0.D. L
Halt HALT In/Out L 0.D. L 0.D. L
Function code FCO, FC1, FC2 Out (In/Out) H Y - Hi-Z Hi-Z
System clock CLKOUT Out H N - - -
Power supply Vee In - - - - -
Ground GND In - - - - -
Chip select CS0to CS3 Out L N - - H
Own OWN Out L N - - H
Data transfer complete DTC Out L N - - H
DMA request DREQOto 1 In L - -
DMA acknowledge DACKOto T Out L N - - H
DMA
disabled/suspended/transfer DONE Out/In L 0.D. - - H
complete
Clear to send CTS1 In L - - - -
Request to send RTST Out L N - - H
Receive data RxDO to 1 In H - - - -
Transmit data TxDOto 1 Out H N - - H
Baud rate clock BCLK In H - - - -
Ready RDY In L - - - -
Crystal oscillator X1 Out H N - - -
Crystal oscillator X2 (CLKIN) In H - - - -
Mode switch NOR/EMU In - - - -
Interrupt request INTOto 3 In - - - -
Interrupt acknowledge 1ACKOto3 Out L N - - H
Test mode TMOQ, TM1 - - - - - -
Emulation bus grant EBG In L - - - -

The parentheses in the input/output column indicate in emulation mode.
Note: 0O.D :Opendrain,

In : Input,

Out : Output,
In/out : Input/output

Hi-Z : High impedance,

H:High Y:Yes

L:Low N:No

- : Optional,
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2.4 Pin Input/Output Circuits

Pin Input/output circuit Remarks

RESET, HALT, D Sink open drain output

CLKOUT Push/pull output
BG

TxDO, TxD1

IACKO, IACK1, IACK2,

1ACK3 |—| <
DACKO, DACKT
€S0, CST, CS2,CS3

RxDO, RxD1
BCLK

INTO, INT1, INT2, INT3 °<]°<} (]

NOR/EMU

A1toA23,D0to D15

p - Tri-state output
FCO to FC2, AS, UDS, [DS —
ww —]
EIPLO, EIPLT, EIPL2 __<D0—| <
EBG ENABLE

EBG
RTS1, CTS1

JAN
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Chapter 3 Address Decoder

3.1

Outline

The address decoder generates two CS (chip select) signals to select memory or external devices. The
registers in the address decoder can freely select the CS memory area from the 16M bytes of address space
available to the core processor. The size of the memory area can also be modified.

The address decoder can freely allocate, in boundary units of 1K byte, the internal peripheral circuit
registers to the 16M bytes of address space.

Moreover, to allow the decoder to monitor the bus cycles in all memory areas, the address decoder
includes a function to automatically generate BERR (bus errors) after a set timeout time.

3.2 AreaSelection

The address decoder decodes the addresses output from the core processor at each bus cycle. The decoder
checks for access to the two memory areas and access to the register area. When a memory area is
accessed, the address decoder externally asserts the chip select signal (CSn).

When a register area is accessed, the address decoder selects an associated internal peripheral circuit
and transfers the data. An internal DTACK signal is automatically generated and output to the core
processor. At this time, a DTACK signal from an external source is ignored.

When a register area is accessed, a valid signal is output to the external pins same as when a memory
area is accessed. In the read cycle, if external memory overlaps a register area, the data from the internal
peripheral circuit are valid; the data from the external source are ignored. In the write cycle, take care
when external memory overlaps a register area, as the data are written to both the register area and
external memory. To avoid writing to both the register and external memory areas, either ensure that the
register area and the external memory do not overlap, or select the external memory using the CSn
signal. If the memory area selected using the CSn signal overlaps with the register area, the access area
is determined according to the area priority in Table 3.1. When the register area is accessed, the CSn
signal is not asserted, thus avoiding accessing the same memory area.

Table 3.1 Area and Access Priority

Area Priority

Register area High

Memory area0,1,2,3 Low

In the interrupt acknowledge cycle (IACK cycle), the core processor starts loading the vector number. At
this time, no area selection signal is generated, even when the address generated attempts to access an
area. (No register area access signal or CSn signal is asserted.)

This prevents inadvertently accessing areas during the IACK cycle.

Figure 3.1 outlines CSn signal generation.
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Function codes from
68HCO000 (FC2 to FCO) FC2) FCT FCO
Addresses from
68HC000 (A23 to A1) |A23|A|22 |A21]A20[A19]1A18] — A1
Memory address [a23 A22.421, | EN, s | Whens=0
register AMARX
R}
Detects non Compares Compares addresses below. Controls CSX
Iarl"fr:{)l\‘ll\lloltedge addresses. A22=0|A22=0|A22=1|A22=1 area control
cycles. A21=0 [ A21=1|A21=0 | A21=1 |output.
w \Y/ \Y) AS signal
CSOoutput  CSToutput CS2output  CS3output
(@) WhenbitS =0
Function codes from
68HC000 (FC2 to FCO) FC2 | FC1) FCO
Addresses from
Memory address |A23 :A22 :A21 : : : : EN : S | When S =1
register AMARX
R}
.Dgctects r;on Compares Compares addresses below. Controls CSX
g’clfr:tr)l\j\?ledge addresses. A20=0|A20=0|A20=1[A20=1 areta C?ntrol
cycles. A19=0|A19=1|A19=0 [ A19=1 |OUtPUL
\ﬁ/ \7/ \?) AS signal
CSOoutput  CSToutput CS2output  CS3 output

(b) WhenbitS=1

Figure 3.1 Chip Select Signal Generation
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Figure 3.2 shows the output status of area selection signals for overlapping areas.

AS

Register area access signal
(internal)

CSn

IACK
signal

o/

:' Not asserted

T

* N Not asse

rted . 3

Not asserted

Register area and memory
area overlap
(excluding IACK cycle)

All areas overlap (loading
an external vectorin an
IACK cycle)

Figure 3.2 Output Status of Area Selection Signals

Figure 3.3 shows the relationship between the CSn signal and the AS signal.

SO St S2

“_/4 o S

AS

sS4 S6

s3 $5 s7
/ Y/ /N

© \ /

Figure 3.3 CSSignal and AS Signal Relationship

3.2.1 Memory Area
The memory area register (AMAR) specifies the start address in the memory area. The memory area is
divided into four. Every bus cycle, the address decoder compares the address on the bus and the value in
the address register. If the values match, the address decoder determines that the memory area is
accessed.
The memory address register S bit determines the size of the memory area. Either 2M-byte (one area is
512K bytes) or 8M-byte (one area is 2M bytes) area can be selected.

3.2.2 Register Area
The register area contains internal peripheral circuit registers, including the address decoder registers.
The size of the register area is 1K byte. The start address of the register area is specified by the relocation
register. Accordingly, the register area can be freely allocated at 1K-byte boundaries within the 16M-
byte address space. Figure 3.4 shows actual address generation methods for the registers. The register
area after reset release is allocated to $FFFC00 to $FFFFFF (last part of address space). (Figure 3.5.)

[A23,A22,A21,A20,A19,A18,A17, - ,A11,A10] 0 , 0 | 0—————————0  Relocation register

T T T T
0olo,o0/As, A8, —— A1,a0]

Peripheral circuit offset
addresses

I Peripheral circuit actual
addresses

Figure 3.4 Real Register Address Generation
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$000000

$0003FF

$200000

$400000

$600000

$7FFFFF

$FFFCO0

$FFFFFF

Exception vector area

Cso

Cs1

$000000
$000004
$000008
$00000C
$000010
$000014
$000018
$00001C
$000020
$000024
$000028
$00002C

Reset: SSP

Reset: PC

Bus error

Address error
Illegal instruction
divide by 0

CHK instruction
TRAPV instruction
Privilege violation
Trace

Line 1010 emulator
Line 1111 emulator

I/0 register block

Cs2

cs3

$FFFCO0
Address decoder

$FFFCOF
$FFFC80

Interrupt controller
$FFFCOF

$FFFD80

Serial interface
$FFFDAF

$FFFEOO

Timer
$FFFEOF

$FFFE80

DMA controller
$FFFEAF

$FFFFFF

Figure 3.5 Memory Map After Reset Release

Note

$00003C |Un-initialized vector

$000060 [False interrupt

$000080

to TRAP instruction
$0000BF

$000100

to User interrupt vector
$0003FF

The following shows the
areas specified by the chip
select pins in their initial
states.
* CSOpin

$000000 to $1FFFFF

(2M-byte memory space)

CS0 output enabled

* CS1pin
$200000 to $3FFFFF
(2M-byte memory space)
CS1 output disabled

* CS2pin
$400000 to $5FFFFF
(2M-byte memory space)

CS2 output disabled

* CS3pin
$600000 to $7FFFFF
(2M-byte memory space)
CS3 output disabled

305-13



TOSHIBA TMP68305

3.3 Bus Cycle Monitor

For an address with no memory allocated in the system, the bus cycle stops without returning the
DTACK signal. If the length of the bus cycle is abnormal, an address decoder function generates a BERR
(bus error) signal. The length of the bus cycle until bus error generation can be selected among 32, 64,
128, or 256 clocks.

To use bus cycles above 256 clocks, an externally generated BERR signal can be validated by disabling
generation of the BERR signal by the address decoder. Figure 3.6 illustrates the BERR signal generation
circuit. Figure 3.7 shows the BERR signal generation timing.

This bus cycle monitoring applies to all memory areas regardless of the memory area of CSx.

Timeout | . . . [256,128, 64, 32|
register
ATOR

)

Compare circuit

BERR signal CLK—,L
input to the —CG: ____
CPU core 8-bit counter for timeout [—< DTACK signal (stop trigger)

——< ASsignal (start trigger)

o<] External BERR signal

Figure 3.6 BERR Signal Generation Circuit

SO S1  S2 S6 S7

S3
“_/J v A S VS S S
AS \ /

BERR
< 32,64, 128 or 256 3
clocks

Figure 3.7 BERR Signal
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3.4 Register Configuration

3.4.1 Memory Address Register (AMAR)

This register specifies the start address and the size of the memory area. Addresses are specified in
three bits, A23 to A21. The start address of the memory area can only be set within the boundary of the
memory area, that is, within 2M or 8M bytes. The size of the memory area is specified in bit S of this
register.

After reset, AMAR is $02 (start address: $000000, size: 8M bytes, area enable).

Offset address

1
$000 | A23 A22 | A21 EN S AMAR

0 0 0 0 0 0 1 0

R : Read Only

EN : Areacontrol
0 : Areadisable (CSn signal not output)
1 : Areaenable (CSnsignal output)

S : Areasize
0 : 8Mbytes (2M bytesX4)
1 : 2Mbytes (512K bytesX4)

3.4.2 Timeout Register
This register specifies the time until BERR generation. The time can be selected from among 32, 64,
128, or 256 clocks. If more than one bit is set, only the bit corresponding to the longest time remains set
and the other bits are cleared. If no bit is set, no BERR is generated by the address decoder. After a
hardware reset, the timeout register is set to $08 (256 clocks).

Offset address 7 6 5 4 3 2 1 0

1 1
$00B 256 128 64 32 ATOR

Reset 0 0 0 0 1 0 0 0

R : Read only
Setvalue L
Time until BERR generation
256 | 128 64 32
0 0 0 0 [NoBERRgeneration
0 0 0 1 Generated after 32 clocks
0 0 1 X | Generated after 64 clocks
0 1 X | Generated after 128 clocks
1 X X | Generated after 256 clocks
X: Anyvalue
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3.4.3 Relocation Register
This register specifies the start address of the internal register block. Specifiable addresses are A23 to
A10. Accordingly, the register block can only specify in 1K-byte boundaries. After a hardware reset, the
relocation register is set to $FFFC.

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

U 1 T 1 1 T 1 T 1
$00C | A23 A22 A21 A20|A19 A18 A17 A16|A15 A14 A13 A12|A11 A10 ARELR
1 L L L L

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0

R: Read only

3.5 Bus Cycles Based on External Bus Master
When an external device other than the core processor becomes the bus master, the address decoder
functions as if the core processor was the bus master. As a result, the external bus master can access the
internal registers of the address decoder. The timing of the bus cycle generated by the external bus
master must match the specifications of the bus cycle generated by the core processor. If the timing does
not match these specifications, the internal register contents may be overwritten in the write cycle
generated by the external bus master.
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Chapter 4 Interrupter Controller

4.1 Overview

The interrupt controller provides nine interrupt channels. Five of the channels are for internal
peripheral circuits, while the other four are for external interrupts from interrupt request input pins
INTO, 1, 2, and 3. Levels of interrupt requests input to the core processor (the pattern of Os and 1s input to
the core processor pins IPLO0, 1, and 2) can be independently set for each channel, thus, priorities can be
changed freely. The interrupt request input mode (input level, rising/falling edge) for external interrupts
can also be set freely. In addition, the external interrupt vector number can be selected as either an
internal vector number in the interrupt controller, or an externally input vector number.

If an external vector is input, the IACK output (IACKO, 1, 2, and 3) corresponding to each external
interrupt channel is asserted in accordance with the interrupt acknowledge cycle.

The auto vector interrupt function supported by TMP68HCO000 is not available because TMP68305 does
not have 68000 interface signals.

Figure 4.1 is a block diagram of the interrupt controller.

IPL
Internal Interrupt Interrupt Interrupt LT
peripheral accept circuit request priority judge P2
circuits circuit i "
. nterrup
(S . acknowledge* 68HC000
L 1 :
core processor
INT O Interrupt
— accept circuit
IACK [ P
Interrupt
O—
: vector
O0— generator

*  Thissignal is created by decoding, for example, FCO - 2 signals.

Figure 4.1 Interrupt Controller Block Diagram

4.2 Interrupt Request

When there is an interrupt request to an interrupt channel, the interrupt controller uses the internal
IPLO to IPL2 signals (not output to external pins in normal mode) to issue an interrupt request to the core
processor at the previously set interrupt level. If requests occur to more than one channel at the same
time, the request with the highest priority level is issued.

The following input modes can be selected for external interrupt requests (interrupts using INTO, 1, 2,
or 3).

® Low-level interrupt ® High-level interrupt

® Rising-edge interrupt @ Falling-edge interrupt

Interrupt request inputs (INTO, 1, 2, or 3) are detected at the falling edge of the system clock. Level
interrupts must be asserted until the IACK output IACKO, 1, 2, or 3) for the channel corresponding to the
interrupt request is asserted. Edge interrupts must be held at the same state for at least two system
clocks after the edge is detected to prevent malfunction due to noise.

Note: When the mode switches from level to edge, interrupt requests (pending bits) received in level
mode are not cleared. To avoid this, clear any interrupt requests as follows:
1. Mask interrupt requests.
2. Switch from level mode to edge mode.
3. Clear the pending bits.
4. Release the interrupt request mask.
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CLK

CLK Interrupt request
(low level)

CLK

CLK Interrupt request
(falling edge)

At least two clocks

Figure 4.2 External Interrupt Requests

4.3 Priority Between Channels
The interrupt controller can set an interrupt level of IPLO, 1, and 2 for interrupting the core processor
using the level bit of the interrupt control register for each channel. This sets the relative priority of each
channel. The following priority applies if more than one channel is set to the same interrupt level:

Priority | Channel
High External interrupt request Channel 0
DMA controller Channel 0
Timer Channel 0
External interrupt request Channel 1
Serial interface Channel 0
DMA controller Channel 1
External interrupt request Channel 2
Serial interface Channel 1
Low External interrupt request Channel 3

Table 4.1 Priority of Channels Set to the Same Interrupt Request Level

305-18



TOSHIBA TMP68305

4.4

Interrupt Acknowledge Cycle (IACK Cycle)

In 68000 interrupt processing, if an interrupt is accepted, the interrupt acknowledge cycle (IACK cycle)
is generated. The level of the interrupt request is output to addresses Al to A3 and the corresponding
interrupt vector number is read from data bus DO to D7.

TMP68305 internal interrupt controller has a function to automatically generate the vector number
read by the core processor during the IACK cycle. This function allows the interrupt controller to
automatically perform the above interrupt processing. Also, when an external interrupt is accepted, the
interrupt controller can assert the IACKn signal corresponding to the interrupt and obtain the vector
externally.

If more than one channel issues requests at the same level, the interrupt controller asserts an interrupt
acknowledge signal for the channel with the highest priority in Table 4.1. The interrupt acknowledge
signal asserted here only applies internally to 68305 and is not output externally. However, with external
interrupts, interrupt acknowledge signals can be output externally as IACK signals. IACK signals are
asserted with the same timing as AS signals.

S0 S2 S4 S6

VAV aVaValaVal
Attons  ——{ —

” \ F
- \ \—
0t007 e —

The number of WAITs is generated by the
external DTACK circuit.

Figure 4.3 IACK Signals for Obtaining External Vector for External Interrupt

45 Automatic Generation of Vector Numbers

The interrupt controller automatically generates vector numbers during IACK cycles and these are
read by the core processor. The lower five bits of the vector number are determined by the interrupt
channel and interrupt cause. The upper three bits are set by the interrupt vector number register (IVNR).
Table 4.2 lists vector numbers.

With external interrupt requests, automatic generation or external vector input can be selected by
setting the vector number generation mode bit (V bit) of the interrupt control register (ICRO, 1, 2, or 3).

Serial interface and DMA controller interrupt requests generate vector numbers not only by the
channel generating the interrupt, but also the interrupt cause.

If an external bus master obtains bus mastership while responding to an interrupt with vector number
generation set, inputting the AS signal from the external bus master without any change may output an
interrupt vector number from the interrupt controller. In this case, data may contend on the external
data bus. Configure the hardware so that AS signals from an external bus master are not input.
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Channel Cause Vector number
External interrupt Channel 0 XXX00000
External interrupt Channel 1 XXX00001
External interrupt Channel 2 XXX00010
Timer0 Channel 0 XXX00100

Receive error XXX01000
Serial interface Channel 0

Receive complete, break detect XXX01001

Transmit ready XXX01010

Interrupt cause cleared while interrupt pending (Note 1) XXX01011

Receive error XXX01100
Serial interface Channel 1

Receive complete, break detect XXX01101

Transmit ready XXX01110

Interrupt cause cleared while interrupt pending (Note 1) XXX01111

Error XXX10000
DMA controller Channel 0

Service complete XXX10001

Error XXX10000
DMA controller Channel 1

Service complete XXX10001
Others Default vector (Note 2) XXX11111

XXX : Set by the upper three bits of the IVNR.

Table 4.2 Vector Number List

Notel : This vector number is generated because the interrupt cause becomes unclear when the interrupt
cause is cleared before the interrupt acknowledge for a pending interrupt is returned.

Note2 : Ifthe CPU accepts an interrupt, the IACK cycle starts when the following instruction is
completed. However, if that instruction masks the interrupt, the cause becomes masked and the
vector is fixed at 11111 because the vector cannot now be generated in the IACK cyecle.
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4.5.1 Interrupt Cause Cleared While Interrupt Pending
Interrupts which are cleared during pending occur under the following conditions. The following
description is based on the generation of a serial 0 interrupt.

Interrupt cause : Interrupt controller 68HC000
serial 0 Core Time
CTSO=LOW - Serial O interruptis
e L.
- Transmit interrupt masked.
generated

— > |- Setsthe IP bit of serial 0 to

Interrupt| 1 (MPI=110) (Note 1).

CTS0 = High request | \aits for release of
% N

interrupt mask.

- The transmit D
interrupt status and ) Clear |. The IP bit of serial 0
interrupt request are Interrupt| o ains at 1 (MP1=110). IPLOto 2
request —_—
cleared. - Interrupt mask released
(MP1=010) ALO3 ot
-~<——— |acknowledge
> |- .RECGIVGS no applicable DO to 2 cycle
Interrupt [ interrupt” from the e
status interrupt cause and Tothe
generates the interrupt mterrupt
processing
vector. routine

When an interrupt is generated at the interrupt source, an interrupt request is issued to the interrupt
controller. As a result, the interrupt controller sets the relevant IP bit to 1. If the relevant interrupt is
masked, the interrupt request to the 68HCO000 core is pending. (Note 1: MPI represents the bit status of
the mask register, pending register, and in-service register for the generated interrupt). During this
period, the interrupt condition may be cleared at the interrupt source. (In the above example, when the
CTSO input changes to high in the transmit interrupt state). Even if the interrupt cause is cleared at the
interrupt source, because interrupt is still pending, the interrupt controller sends an interrupt request to
the 68HCO000 core when the interrupt mask is released. This starts the interrupt sequence and generates
the interrupt vector. Because the vector reflects the state of the interrupt source, "no applicable
interrupt” indicates that the interrupt cause was cleared at the interrupt source while the interrupt was
pending, as mentioned previously. For serial interfaces, these kinds of interrupts occur under the
following conditions:

(a) The interrupt is masked by the serial mode register (SMRn) while it is pending.

(b) The CTS0 input changes to high while a transmit ready interrupt is pending. (When CTSO0 changes

to high, TxRDY is set to 0, clearing the transmit interrupt cause).

(¢) In the serial command register (SCMRn), TXEN is set to 0 while a transmit ready interrupt is

pending, or RXEN is set to 0 while a receive complete interrupt is pending.

(d) The receive buffer is read by an error interrupt processing routine.

(If both ERINTM and RXINTM of the serial mode register (SMRn) are set to 0 and both interrupt

masks are cleared, both error interrupt and receive interrupt are generated when an error occurs.

Because the priority of the error interrupt is higher, the error interrupt processing routine is

executed first. If the serial data register (SDRn) is read by this processing routine, the pending

receive interrupt is cleared.)

These interrupts occur due to software processing problems as described above. Therefore, find out
the causes and write software which does not generate these interrupts.
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4.5.2 Default Vector Interrupts
Default vector interrupts occur under the following conditions. The following description is based on
the generation of a timer 0 interrupt.

Interrupt Interrupt controller 68HCO000 Core
cause: timer Time
- Interru pt Fetches
— . ) :
generated |Interrupt| . Sets the IP bit for timer 0 to instruction A. :
request 1 :
. Judges the interrupt PLOTo 2 |
98 . Fetcr.\es :  Executes
priority and outputs an instruction B. ©, o oo A
interrupt with the set (Note2) : ’
interrupt level to the . .......................
68HC000 (MPI =010). i Executes

instruction B.
- Masks IMR timer 0 :

i = Al1to3
interrupt (MPI = 110). FCO t(:) 2 Interrupt acknowledge cycle
-

- There is no relevant
interrupt vector because DOto7
theinterruptismasked. | |
Generates a default vector. To default vector interrupt
(MPI=110) (Note 3) processing routine

When an interrupt is generated at the interrupt source, an interrupt request is issued to the interrupt
controller. As a result, the interrupt controller sets the relevant IP bit to 1, checks that the interrupt has
the highest priority, and outputs the interrupt with the set interrupt level to the 68HC000 core (IPLO to 2
output). The internal status of the interrupt controller at this time is as follows: mask bit = 0 (M =0),
pending bit = 1 (P=1), and in-service bit = 0 (I=0). (Note 1: MPI represents the bit status of the mask
register, pending register, and in-service register for the generated interrupt).

When the 68HCO000 core accepts the IPLO to 2 interrupts, it attempts to jump to the interrupt sequence
operation. However, the interrupt sequence is delayed until instruction B, for which the 68HCO000 core
has completed the fetch, is executed. If instruction B masks the generated interrupt (Note 2), the
instruction is executed and the interrupt controller interrupt request is cancelled. Subsequently, even if
the 68HCO000 core starts the interrupt acknowledge cycle, the interrupt controller has no corresponding
interrupt. In such a case, the interrupt controller generates a default vector indicating that there is no
relevant interrupt and completes the interrupt acknowledge cycle.

Even if default vector interrupts are generated, interrupts generated remain in the interrupt controller
in the pending state (Note 3). Accordingly, after clearing the interrupt mask, a normal interrupt
sequence can be obtained.

To simply return to the main processing and disable the vector generation before this default interrupt
occurs, insert an instruction to set the 68HCO000 core interrupt level to the highest level before the
interrupt mask instruction (instruction B). This prevents the 68HC000 core from receiving interrupts,
apart from interrupt level 7, thus preventing initiation of the interrupt sequence midway through
masking the interrupt. However, if the interrupt generated is level 7, the 68HCO000 core cannot disable
the interrupt request and the default vector is generated. In this case, default vector processing is
performed.
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4.6 Interrupt Status
The interrupt status for each channel is represented by the mask register IMR), pending register (IPR),
and in-service register (IISR) bits corresponding to the channel. The meaning of each bit is described
below. The set (setting the bit to 1) and reset (resetting the bit to 0) methods vary according to each bit.

Mask bit (M) | Control bit for masking interrupt requests
1 Masks the interrupt request.
0 Does not mask the interrupt request.
set Hardware reset Sets to 1 by software.

reset Sets to 0 by software.

Bit indicating an interrupt request was generated and is pending
(waiting for interrupt processing)

Pending bit (P)

1 An interrupt request was generated and is pending.
0 No interrupt request was generated.
set An interrupt request was generated (this bit cannot be set to 1 by software).
reset Hardware reset Sets to 0 by software when the interrupt request is accepted by the core
processor (see notes).
In-service bit (1) Bit indicating whether an interrupt request is accepted by the core
1 Indicates that an interrupt request is accepted.
0 Indicates that no interrupt request is accepted.
set An interrupt request is accepted by the core processor (this bit cannot be set to 1 by
software)
reset Hardware reset Sets to 0 by software.

Notel : The function for clearing pending bits by software is used when initializing the whole system
or when pending bits are set by unnecessary interrupts. However, if pending bits
corresponding to interrupts generated by internal peripheral circuits are cleared to 0 while set
to 1, subsequent interrupts will not be accepted. This is because the pending bit is only set
when the interrupt request from the interrupt source changes from 0 to 1 (when an interrupt
is generated). To re-enable interrupts after the pending bit has been cleared, the interrupt
source must also be treated as follows.

Timer

First clear the interrupt request bit (INT bit) of the timer control register (TCRn) to 0, then set to 1.

Serial Interface

First set the interrupt mask bit INTM bit) of the serial control register (TCRn) to 1, then clear to 0. If, at
that time, interrupt requests are generated from channel interrupt generation sources, the corresponding
IP bit is set immediately after the INTM bit is cleared to 0. To avoid this, disable interrupt requests for
each channel (for example, by setting an interrupt mask for each channel, by reading the receive data, or
by performing an error reset) before performing the above procedure.

External Interrupt
With edge interrupts, the IP bit is set the next time the interrupt edge is input. With level interrupts, the
IP bit is set the next time the interrupt input is asserted.
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Note2 : With level interrupts, clearing the IP bit by software requires first negating the interrupt
input. The IP bit cannot be cleared by software while the interrupt input is still
asserted.When clearing the pending bit by software, write 1 to all bits except the bit to be
cleared. Writing 1 to the pending bit will not affect operation but prevents the pending bit
from mistakenly being cleared and interrupts from being disabled.

Table 4.3 shows the interrupt states for the mask bit (M), pending bit (P), and in-service bit (I) values.

0 0 0 | Nointerrupt request

0 0 1 | During interrupt processing routine
0 1 0 | Interrupt request generated
0 1 1 | Asubsequentinterrupt request is generated during an interrupt processing routine.

1 0 0 | Nointerruptrequest

1 0 1 | Interruptis masked during an interrupt processing routine.
1 1 0 | Interruptrequest is generated while interrupt is masked.
1 1 1 | Interrupt request is generated while interrupt is masked during an interrupt processing routine.

Table 4.3 Interrupt States
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4.7 Register Configuration

4.7.1 Interrupt Controller Registers 0 to 3 (ICRO to 3)

These registers control the external interrupt inputs (INTO, 1, 2, and 3). The registers set input mode
and the interrupt level. They also select external vector input or automatic generation of the vector
number.

After a hardware reset, ICRO to 3 are all initialized to $07 (vector number from external source falling-
edge mode, interrupt request level 7). These registers can only be written to when the interrupt is masked
by the interrupt mask register (IMR).

Offset address 7 6 5 4 3 2 1 0

$081 V. RF LE level ICRO (for INTQ) Corresponds to
. L L : L the EO bit described in 4.7.3.
Reset 0 0 0 0 0 1 1 1
R R
7 6 4 3 2 1 0
1 T 1 T 1
$083 V. RF LE level ICR1 (for INT1) Corresponds to
L L L L L the E1 bit described in 4.7.3.
0 0 0 0 0 1 1 1
R R
7 6 4 3 2 1 0
1 T 1 T 1
$085 V. RF LE level ICR2 (for INT2) Corresponds to
. L . L . the E2 bit described in 4.7.3.
0 0 0 0 0 1 1 1
R R
7 6 4 3 2 1 0
1 T 1 T 1
$087 V. RF LE level ICR3 (for INT3) Corresponds to
L L L L L the E3 bit described in 4.7.3.

o
(]
(]
(o]
(]
—_
—_
—_

R: Read only

V: Vector number automatic generation control
0 : Reads vector number from an external source instead of automatically generating vector
number.
1 : Automatic vector number generation

R/F, L/E: External interrupt request input mode

R/F L/E Interrupt request input mode
0 0 Falling edge

1 0 Rising edge

0 1 Low level

1 1 High level
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For example, IPL2=1, IPL1=0, and IPLO=0 indicates request level 3. The following table shows the
correspondence between IPLx and interrupt levels.
0to7 : Indicate the interrupt request level corresponding to IPLO, 1, and 2 input to the core processor.

Interrupt level 1PL2 TPLT 1PLO
0 1 1 1
1 1 1 0
2 1 0 1
3 1 0 0
4 0 1 1
5 0 1 0
6 0 0 1
7 0 0 0

4.7.2 Interrupt Control Registers 3 to 8 (ICR3 to 8)
These registers control interrupts from internal peripheral circuits.
After a hardware reset, ICR3 - 8 are all initialized to $07 (interrupt request level 7). These registers can
be written to only when the interrupt is masked by the interrupt mask register (IMR).

Offset address 7 6 5 4 3 2 1 0

$089 level ICR4 Serial interface ch0
L L L L L L Corresponds to the SO bit
described in 4.7.3.

Reset

o
o
o
o
o
—_
—_
N

$088B level ICR5 Serial interface ch1
Corresponds to the S1 bit
0 0 0 0 0 1 1 1 described in 4.7.3.

T
$08D level ICR6 Timer ch0 Corresponds to
L L L : L . the TO bit described in 4.7.3.

$08F level ICR7 DMA controller chQ
L L L L L L Corresponds to the DO bit
0 0 0 0 0 1 1 1 described in4.7.3.

$091 level ICR7 DMA controller ch1
Corresponds to the D1 bit
0 0 0 0 0 1 1 1 described in4.7.3.

R : Read only

Level : Interruptrequestlevel
0to7 : Indicate the interrupt request level corresponding to IPLO, 1, and 2 input to the core processor.
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4.7.3 Interrupt Mask Register (IMR)

This register sets the interrupt mask for each channel. 1 masks the interrupt (ignore interrupt). 0
unmasks the interrupt (enable interrupt). When masking an interrupt during operation, mask in the
state whereby, even if an interrupt is generated for a channel, it will not be accepted by the core processor.
(For example, set the interrupt level in the core processor status register to 7). This is necessary because,
if an interrupt occurs during masking, the interrupt to be masked may be generated due to the timing
mismatch.

After a hardware reset, this register is initialized to $313F (all interrupt channels masked).

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

$094 D1 DO T0 S1 SO | E3 E2 E1 EO IMR

L 1 1 1 1 1 L 1 1
Reset 0 0 1 1 0 0 0 1 0 0 1 1 1 1 1 1
R R R R R R R

R : Read only

DO: DMA controller channel 1
D1: DMA controller channel 0
TO : Timerchannel 0

S1 : Serial interface channel 1

SO : Serial interface channel 0
E3 : Externalinterruptchannel 3
E2 : External interrupt channel 2
E1: Externalinterruptchannel 1
EO : External interrupt channel 0

4.7.4 Interrupt Pending Register (IPR)

This register indicates whether there is an interrupt request and that the interrupt request is not yet
accepted by the core processor. 1 indicates that there is an interrupt request that has not yet been
accepted by the core processor. 0 indicates that there is no interrupt request.

Each bit is automatically cleared when the request is accepted by the core processor. Clearing a bit by
software cancels the interrupt request. However, the interrupt request must be cleared at the interrupt
request source if subsequent interrupts are to be acknowledged.

After a hardware reset, this register is initialized to $0000 (no interrupt requests).

Offsetaddress 45 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

$096 D1 DO T0 ST SO | E3 E2 E1 EO IPR

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R R R R R R R

R: Read only
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4.7.5 Interrupt In-Service Register (IISR)
This register indicates whether or not an interrupt request has been accepted by the core processor. 1
indicates that a request has been accepted. 0 indicates that no request has been accepted.
While operating with the register set to 1 does not affect operation, clear each bit during the interrupt
processing routine. (These bits are not cleared automatically).
After a hardware reset, the register is initialized to $0000 (no interrupt requests accepted).

Offietaddres s 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T 1 1 T T 1 T 1 T
$098 D1 DO T0 S1 SO | E3 E2 E1 EO | ISR
1 1 1 1 1 1 1 1 1
Reset o o o o o0 0O 0O O 0O 0 0 0 0 0 0 0

R : Read only

4.7.6 Interrupt Vector Number Register (IVNR)
This register specifies the upper three bits of the vector numbers. The lower five bits of the vector
numbers are determined by the interrupt channel and the interrupt cause.
After a hardware reset, the register is initialized to $00.
Note: After releasing a reset, the 68HC000 core interrupt vectors overlap the internal peripheral
circuit interrupt vectors. Therefore, set a vector number of $40 or more by software.

Offset addres 7 6 5 4 3 2 1 0
1 T 1 T T T
$09B Vector IVNR
1 L 1 L L 1
Reset 0 0 0 0 0 0 0 0

R : Read only
Vector : Upper three bits of the vector number
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Chapter 5 Serial Interface

5.1 Outline

The serial interface consists of two independent channels, which support full duplex universal
asynchronous receiver / transmitter (UART). Both the receive and transmit modules use double buffers
and the same data format and baud rate. However, the receive and transmit modules are functionally
independent. The data format used is a standard mark/space format. The data format consists of one start
bit, between 5 and 8 data bits, and one or two stop bits. The serial interface also supports parity bit
processing. The serial interface includes only one prescaler, and one baud rate generator for each channel
to generate the baud rate clocks. Thus, independent baud rate clocks are available for each channel. The
system clock (CLK) or external clock (input from the BCLK pin) can be selected as the divider clock. Error
detect (parity error, overrun error, framing error) is supported. Break detect and break transmit is also
supported. If an interrupt cause (receive complete, transmit ready, error occurred, break detected) is
generated in any channel, an interrupt request is forwarded to the core processor via the interrupt
controller. A separate vector number can be generated in the interrupt acknowledge cycle specifically for
the channel and interrupt cause. Channel 1 supports modem control signals.

Figure 5.1 is the serial interface block diagram. Figure 5.2 is a detailed channel diagram.
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Figure 5.1 Serial Interface Block Diagram
Register selectsignal
— | Transmit data register (SDR) > Transmit buffer —» TxD
(parallel—>serial)
A A
A4
] > .
— | Status register (SSR) < Transmit
I »| control circuit

Receive bufffer l«———RxD
(parallel«serial)
7'}

A4

Receive
»| control circuit

A

>
—P| Receive data register (SDR)

| Mode register (SMR)
—p| Command register (SCMR)

A
\ 4

Modem <«——CTS
control circuit

—» RTS
Internal bus

v

Divider clock —®| Baud rate register (SBRR)
—_—Pp

Only in channel 1, not provided in channel 0

Figure 5.2 Channel Detail Diagram

Note: In the following description, the data register (SDR) is called the transmit data register at
transmission, and the receive data register at reception. Although the transmit data register and
the receive data register share the same register address, they are independent of each other. At
read, the receive data register is accessed. At write, the transmit data register is accessed.
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5.2 Communications

5.2.1 Data Format
Figure 5.3 shows the data frame formats input through the serial interface from the receive data input
pins (RxD0, RxD1), and output to the transmit data output pins (TxDO, TxD1).

®©

©

®

@

{ Parity bit
viark \startbit /DO X D1 \_X_Dn-1 X 7 Stopbit |
L LSB ) MSB
' Transmit/receive character ' n: Character length

Figure 5.3 Data Frame

When no data are transmitted or received, the data lines are at level 1 (mark state).

The transmit (when sending) of the start bit (level 0) or detect (when receiving) of the start bit
indicates the start of the data frame.

The transmit/receive character immediately follow the start bit, beginning with the least significant
bit. The serial mode register (SMR) setting determines the character length n (from five to eight
bits).

Setting the parity bit in the serial mode register (SMR) sends the parity bit at transmit, and checks
the parity after receiving the parity bit at receive.

The stop bit (level 1) indicates the end of the data frame. At transmit, one or two stop bits are sent in
accordance with the serial mode register setting. At receive, regardless of the serial mode register
setting, only one bit is identified as the stop bit. The stop bit is the bit following the most significant
data bit (last data bit received; when parity bit receive is not set) or the bit following the parity bit
(when parity bit receive is set). If the stop bit is at 0 level, a framing error is generated.

A break consists of two consecutive frames where all data bits, the parity bit, and the stop bits, are at
0level.

5.2.2 Baud Rate Clock Generation
The serial interface uses an 8-bit prescaler and an 8-bit baud rate generator to divide the system clock
(CLK) or external input clock (BCLK) and thereby generate a baud rate clock. Figure 5.4 is the baud rate
clock generation circuit block diagram.

CLK

BCLK

':
1
_ ! i
Clock select | SCLK - PCLK | | Baudrate |GCLKO | pDivide-by- |TCLKO |
circuit > Prescaler T 7| generator > eightcircuit [ |
1 1
1
> 1m E 72 /8 !
i Channel 0 i
o mmm e 1
1 1
| i
! ,| Baudrate GCLK1 > Divide-by- TCLKY E
i generator eight circuit > !
1
1 1
n 1
i 12 8 Channel 1 !
S 4

Figure 5.4 Baud Rate Clock Generation Circuit Block Diagram
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The input clock select circuit selects either the system clock (CLK) or the external input clock (BCLK).
The selected clock (SCLK) is divided by the prescaler by from 1/1 to 1/256 (PCLK), and the PCLK is
divided by the baud rate generator by 1/2° (n = 0 to 7) times (GCLK). The GCLK is used as the
fundamental clock for serial interface transmit/receive. The GCLK is further divided by eight times
(TCLK) for transmitting data frames. One prescaler is built into the serial interface. One baud rate
generator is built into each channel.

5.2.3 Data Transmit

When a transmit character is written into the transmit data register (SDR), the serial interface resets
the TxE (transmit data register buffer empty) bit of the status register (SSR) to 0 and checks whether
transmit with the TxEN (transmit enable) bit of the command register (SCMR) is in progress. When
CTS1 is used in channel 1, the serial interface also checks pin CTS1. When CTS1 is not used, if TXEN =1
and transmit is not in progress, transmit begins with the transmit character sent from the transmit data
register to the transmit buffer. When CTS1 is used, if TXxEN =1, CTS1 =0, and transmit is not in progress,
transmit begins in the same way. The transmit is synchronous with TCLK, which is generated by the
baud rate generator. Figure 5.5 shows TLCK and the data frame detection timing.

iy B e e B e

Figure 5.5 Data Frame Transmit Timing

When the serial interface starts transmit, the interface transmits the start bit and sets the TxRDY
(transmit ready) bit of the status register (SSR) to 1. As the transmit character is sent from the transmit
data register to the transmit buffer at that point, the next transmit character can be written in the
transmit data register in advance. When the next transmit character is written in the transmit data
register, it is retained in that register until transmission of the current transmit character is complete.
After transmitting the start bit, the serial interface transmits the number of data bits specified by the
CL1 - CLO (character length) bits of the mode register (SMR), transmits the parity bit when the mode
register PE (parity enable) bit is set to 1, and transmits from the transmit output pin (TxD) the number of
stop bits specified by the mode register ST (stop bit length) bit.

If the transmit data register contains a next transmit character, the serial interface transmits the start
bit and the next character after transmitting the stop bit of the current data frame. Once the serial
interface has begun transmission, it continues transmission of the current data character even if the
status of the CTS1 pin or the TXxEN bit change and ends transmission with the stop bit.

If the SBRK (break transmit) bit of the mode register is set to 1, the serial interface sends a break until
SBRK is reset to 0 regardless of TXEN, CTS1, or whether there is a transmit currently in progress.

305-32



TOSHIBA TMP68305

5.2.4 Data Receive
The receive data input pin (RxD) is normally set to 1 (mark status). The serial interface samples the
input at the GCLK generated by the baud rate generator. When it detects 0 level, it regards the 0 level as
the beginning of the start bit. If the serial interface detects the 0 level three more consecutive times, it
determines that the first 0 level is the beginning of a valid start bit. Then the serial interface determines
the center point of subsequent receive characters, and samples the receive characters. Figure 5.6 shows
how the start bit and the center point of receive characters are determined.

s ALAA A LA LA U LALA A A LA AN AL

Invalid start bit

RxD _l (noise) I_I Valid start bit I_

0 0 0 1 0 0 0 0

TCenter point of receive character (sampling position)
Figure 5.6 How to Determine Start Bits and Center Point of Receive Characters

If the mode register PEN (parity enable) bit is set to 1 and parity bit receive is specified, the serial
interface samples the parity bit and compares the parity with that generated by the receive character. If
the compared parities do not match, the serial interface sets the PE (parity error) bit of the status register
to 1.

For stop bits, the serial interface samples the first stop bit irrespective of the stop bit length specified by
the mode register ST (stop bit length) bit. If the result is not 1, it sets the FE bit (framing error) bit in the
status register to 1.

The receive data bits are sampled sequentially and saved in the receive buffer. When the programmed
number of data bits specified by CL1 - CLO (character length) of the mode register have been received, the
data bits are transferred from the receive buffer to the receive data register (SDR). When the character
length is 5, 6 or 7, the upper bits in the receive data register (SDR) are unused. However, these bits are
reset to 0 at transfer to the receive data register.

The RxRDY (receive ready) bit of the status register is set to 1 when a character is transferred from the
receive buffer to the receive data register (SDR). At this time, the receive data register (SDR) value can
be read, even while the next character is being received. If receive of the next character completes before
the receive character is read, the new character is transferred from the receive buffer to the receive data
register (SDR), overwriting the previous character. With this, the previous character is lost, and the
status register OE (overrun error) bit is set to 1.

When two or more data frames are received where the receive characters and, if specified, the parity bit
and stop bits, are all 0, the serial interface assumes a break and sets the RBRK (break detect) bit of the
status register to 1.

If all error bits (status register bits OE, FE, PE, and RBRK) are set to 1, these settings are retained.
Setting the control register ERS (error reset) bit to 1 clears the error bits to 0. Since the error bits remain
cleared while the ERS bit is set to 1, subsequent errors cannot be detected. Clearing the ERS bit to 0 sets
the error bits in accordance with the status of the receive data frame.

Parity errors and overrun errors do not affect receive, which continues as if no error had occurred. If a
break is not detected and a framing error is generated, the serial interface continues receive as if a stop bit
was actually present and detects the next start bit. If a break is detected, the start bit detection is
suspended until the receive data input pin (RxD) is set once to 1.
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5.3 Interrupt Control

5.3.1 Interrupt Causes
The serial interface supports the following four interrupt causes.
a)Transmit ready interrupt
At data transmit, the transmit data register can be loaded with the next transmit character.
TxRDY (transmit ready) = 1

b)Receive complete interrupt
At data receive, the receive character is sent from the receive buffer to the receive data register (SDR);
therefore the receive data register is ready to be read.
RxRDY (receive ready) = 1 and RxEN (receive enable) = 1

¢) Error occurred interrupt
A parity error (PE), overrun error (OE), or framing error (FE) is generated
(PE =1,orOEor FE = 1)and RXEN =1

d) Break detected interrupt
A break is detected.
RBRK (break detected) = 1 and RxEN =1

5.3.2 Interrupt Mask
Interrupts in the entire serial interface can be masked by the control register INTM (interrupt mask)
bit. Each interrupt cause can be masked by the mode register RXINTM (receive complete interrupt mask)
bit, the ERINTM (error occurred interrupt mask) bit, or the TxINTM (transmit interrupt mask) bit. Note
that break detected interrupts are masked by the RXINTM bit. Moreover, bits SO and S1 (serial interface
channel 0, 1 interrupt mask) of the interrupt control interrupt mask register (IMT) can mask interrupts
for each channel.

5.3.3 Interrupt Generation Conditions
The interrupt generation conditions determined by the interrupt cause and mask are as follows.
Noten : Indicatesthechannel number n =0,1
+ : Indicateslogical OR
x : Indicateslogical AND
Channel n interrupts = (Sn=0) x INTM =0) x{(transmit ready interrupt)+ (receive complete
interrupt) + (error occurred interrupt) + (break detected interrupt)}
(TxINTM=0) X (TxRDY =1)
(RXINTM =0)X (RXEN=1)X (RxRDY =1)
(RXEN=1)X[(ERINTM =0)X{(PE=1)+(OE=1)+(FE=1)}]
(RXINTM=0)X(RBRK=1)

Transmit ready interrupt
Receive complete interrupt
Error occurred interrupt
Break detected interrupt
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5.3.4 Vector Number Generation

TMP68305 automatically generates vector numbers in the acknowledge cycle depending on the
interrupt channels and causes. For details of vector numbers, see Table 4.2 in Chapter 4 Interrupt
Controller.

The vector number register IVNR) determines the upper three bits (7 to 5) of vector numbers generated
in the acknowledge cycle. Bits 4 to 2 are determined by the channel number and generated by the
interrupt controller. Bits 1 to 0 are determined by the interrupt cause and generated by the serial
interface. (Figure 5.7)

—> Determined by the interrupt cause

00 : Erroroccurred

01 : Receive complete/break detected

10 : Transmitready

11 : Interrupt cause cleared while interrupt pending

Determined by channel no.

010: Channel 0
011: Channel 1

Determined by interrupt vector number register (IVNR)

Figure 5.7 Serial Interface Vector Number Generation Method

When an interrupt is sent from the serial interface to the interrupt controller, the interrupt controller
holds the interrupt and generates an interrupt request to the core processor. Interrupts pending
(corresponding channel bits of the interrupt controller pending register are set to 1) due to masking by
bits S2 to SO (serial interface channel 2 to 0 interrupt mask) of the interrupt mask register (IMR) are
accepted after the mask is released; interrupts pending due to execution of another interrupt with a
higher priority are accepted after the higher-priority interrupt is fully processed.

When the interrupt is masked by the serial control register INTM bit, or the serial mode register
RxINTM bit, ERINTM bit, or TxINTM bit, interrupt generation conditions are not satisfied and no
interrupt request is sent to the interrupt controller. The serial interface does not retain masked
interrupts. Therefore, if the interrupt cause is lost before releasing the masks of the control register
INTM bit, or the mode register RXINTM bit, ERINTM bit, or TXINTM bit, the serial interface acts as if no
interrupt is generated.

If conditions for the interrupt are no longer satisfied, the serial interface stops outputting an interrupt
request to the interrupt controller, However, the interrupt controller holds the interrupt request and
therefore continues to output the interrupt request to the core processor. If the pending bit of the channel
corresponding to the interrupt pending register is not cleared (interrupt cancelled) before the core
processor receives the interrupt request, the serial interface generates an interrupt acknowledge. When
vector numbers are generated in the interrupt acknowledge cycle, numbers 7 to 2 are generated because
the interrupt controller holds the interrupt request. However, as the interrupt generation conditions are
no longer satisfied, the serial interface generates a vector number indicating “interrupt cause cleared
while interrupt pending® using bits 1 to 0 of the vector number used to specify the interrupt cause. Figure
5.8 shows the relationship between the interrupt control circuit in the serial interface and the interrupt
controller.
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5.3.5 Cautions

a)Break detected interrupts are masked by the RXINTM (receive interrupt mask) bit, but create an error
occurred interrupt vector in the interrupt acknowledge cycle.

b)The TxRDY bitis still held in the transmit ready interrupt acknowledge cycle.

¢) The TxRDY bit is initialized by a hardware reset (the RESET and HALT pins are simultaneously
asserted). Therefore, the transmit ready interrupt can be used for the first data transmit after reset.

d)When interrupt request conditions are satisfied once, an interrupt processing is generated only once.
That is, even if the transmit ready interrupt processing routine ends without the transmit data being
written to the transmit data register (SDR), an interrupt will not be regenerated to jump to the transmit
ready interrupt processing routine. If more than one error occurs simultaneously, the routine jumps
only once to the error occurred interrupt processing routine.

e) The following is the interrupt processing priority when more than one interrupt request is generated
simultaneously.

Error occurred interrupt -- High
Receive complete interrupt |
Transmit ready interrupt  -- Low

Figure 5.9 shows an interrupt processing routine example when an error occurred interrupt and a
receive complete interrupt are generated simultaneously.

Interrupt controller
Parity error > Generates Pending register value

Receive complete interrupt 1

L i Error occurred interrupt pending
-~

0
Interrupt acknowledge cycle

Generates vector number for error Clears pending bitin interrupt
acknowledge cycle
l 1

Error occurred interrupt processing
routine* to RTE

occurred interrupt

Receive complete interrupt pending

|

Interrupt acknowledge cycle

Generates vector number for receive
complete interrupt

l

Receive interrupt processing routine to
RTE

Note*: When a receive error occurs, an error occurred interrupt and a receive complete interrupt
are generated simultaneously. Reading the receive data register (SDR) in the error
occurred interrupt processing routine resets RxRDY to 0 and prevents the receive complete
interrupt generation conditions from being satisfied. Therefore, a vector number
indicating “interrupt cause cleared while interrupt pending“ is generated in the next
interrupt acknowledge cycle.

Figure 5.9 Multiple Interrupt Processing Example
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5.4 Initialization of Serial Interface
To initialize serial interface, set the RES (software reset) bit of the control register to 1. The serial
interface is also initialized if a hardware reset is executed (the RESET and HALT pins are simultaneously
asserted) because the RES bit is set to 1. The initialized status is held until the RES bit is reset to 0. In
the initial state, transmit, receive, and interrupts are all disabled. The generation of superfluous
operations can thus be avoided until the serial interface setup is complete.
Table 5.1 lists the initial register values.

Register 7 6 5 4 3 2 1 0
Serial control CKSE RES INTM
register (SCR)

1 - 1 - - - - 1
. *1 *1
Serial command RTS ERS SBRK RxEN CTSEN TxEN
register
(SCMRO to 2) - - 0 1 0 0 0 0
Serial status - RBRK FE OE PE T4E RyRDY T«RDY
register
(SSRO to 2) - 0 0 0 0 1 0 1
- :  Undefined
*1 : channel 1only

Table 5.1 Serial Interface Register Initial Values

5.5 Register Description
5.5.1 Serial Control Register (SCR)
This register is used to make the serial interface basic settings.

Set the registers after resetting the RES bit to 0.

Offset address 7 6 5 4 3 2 1 0

$18F | cKsE RES INTM | SCR

Reset 1 0 1 0 0 0 0 1
R R R R R: Readonly

Note: Setbits which are reserved for future expansion and undefined to 0.

CKSE: Divider clock select
0 : External inputclock (BCLK)
1 : System clock (CLK)

RES : Softwarereset

0 : Releasesreset.
1 : Reset
INTM: Interruptmask
0 : Enablesinterruptsignal generation.
1 : Disablesinterrupt signal generation.
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5.5.2 Serial Mode Registers 0, 1 (SMRO, 1)
These registers, one per channel, specify the character structure and the interrupt generation masks.

Offset address

7 6 5 4 3 2 1 0
$181 | R * B Tpeo pEn|cl1 clo Tk - st | SMRO Forchannel 0
INTM | INTM , , , , INTM
Reset 1 1 0 0 0 0 1 0
7 6 5 4 3 2 1 0
$191 | R * &R Tpeg pEn[cL1 clo Tk st | SMRT Forchannelt
INTM | INTM | . , , INTM
1 1 0 0 0 0 1 0
RxINTM Receive complete interrupt mask and break detect interrupt mask *2
0 : Interruptvalid
1 : Interruptmasked
ERINTM Error generated interrupt mask *2
0 : Interruptvalid
1 : Interruptmasked
PEO Parity select *1
0 : Even parity
1 : Oddparity
PEN Parity control
0 : Noparity
1 : Parity
CL1toCLO : Character length
CL1 CLO Character length
0 0 5-bit character
0 1 6-bit character
1 0 7-bit character
1 1 8-bit character
TxINTM Transmit interrupt mask
0 : Interruptvalid
1 : Interruptmasked
ST Stop bit length

0 : One stopbit
1 : Twostopbits

*1 : Shows parity generation;
Even parity means that the number of 1’s in the transmit / receive character including the parity
bit even.
0dd parity means that the number of 1's in the transmit/receive character including the parity
bit is odd.

*2 : ERINTM is the interrupt mask for framing errors, overrun errors, and parity errors. RXINTM is
the interrupt mask for break detect.
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5.5.3 Serial Command Registers 0, 1 (SCMRO, 1)

These registers, one per channel, are for transmit/receive control.

Offset address ; 6 5 4 3 2 1 0

T 1 T
$183 ERS [ SBRK RyEN T.EN SCMRO For channel 0

Reset 0 0 0 0

(]
(]
X O

7 6 5 4 3 2 1 0
' ! ' ' SCMR1or channel 1

$193 RTS | ERS | SBRK RyEN CTSEN TyEN
0 0 0 1 0 0 0 0 R: Readonly
R R R R

Note: Setbits which are reserved for future expansion and undefined to 0.

RTS :  RTSI1 pin output control (channel 1 only)
0 : High output from RTS1 pin
1 : Low output from RTSI pin
ERS :  Error reset *1
0 : Nooperation
1 : Resets PE, OE, FE, and RBRK bits.
SBRK : Break transmit
0 : Nobreak transmit
1 : Break transmit
RxEN : Receiveenable
0 : Receivedisable
1 : Receive enable
CTSEN : CTS1 pin input control (channel 1 only)
0 : CTS1disable
1 : CTSIenable
TxEN : Transmitenable
0 : Transmitdisable
1 : Transmitenable

*1 : While bit ERS is set to 1, the error bits (PE, OE, FE, RBRK) are continuously reset. Resetting
ERS to 0 sets the error bits according to the status of the receive data frame. Therefore, when
resuming error detection after resetting error bits, reset the ERS bit to 0 again.
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5.5.4 Serial Status Registers 0, 1 (SSRO, 1)
These registers, one per channel, indicate the channel status.

Offset address

$187 RBRK : FE : OE | PE : TXE : R : Tx [ 33RO Forchannel0
Reset 0 0 0 0 0 1 0 0
R
$197 RBRK : FE : OEF | PE : TXE : R : T SSR1 For channel 0
0 0 0 0 0 1 0 0
R R: Read only
RBRK : Break detect
0 : Doesnot detect break.
1 : Detectsbreak.
FE :  Framingerror
0 : Doesnot generate framing error.
1 : Generatesframingerror.
OE : Overrun error
0 : Doesnot generate overrun error.
1 : Generatesoverrun error.
PE . Parity error
0 : Does not generate parity error.,
1 : Generates parity error.
TxE :  Transmit data empty
0 : The transmit data register (SDR) contains a transmit character, or a transmit is in
progress (transmit character is in transmit buffer).
1 : The transmit data register (SDR) is empty and no transmit is in progress (no transmit
character in transmit buffer).
RxRDY : Receive ready
0 : Receive notready
1 : Receive ready (the receive data register (SDR) contains a receive character, the receive
data register can be read)
TxRDY : Transmitready *1
0 : Transmitnotready
1 : Transmitready (transmit character can be written to transmit data register (SDR))

*1 : TxRDY is set to 1 when [{transmit data register empty} X (CTS=0) X (TxEN=1)]. When
channel 1 does not use CTS1, CTS1 is treated as CTS1 =0 without checking CTS1 pin input.
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5.5.5 Serial Prescaler Register (SPR)
The prescaler divides the input clock (system clock or BCLK pin input) by the divider ratio specified in
this register.
The values to be set in this register are from 0 to 255.

Offset address 2

$18D | P7 P6 P5 P4 | P3 P2 P1 PO SPR

Reset - - - - - - - -

Set value Divider ratio
0 % 1/256
1 x1

2to0 255 X 1/2to x 1/255

5.5.6 Baud Rate Register 0, 1 (SBRRO, 1)

The baud rate generator further divides, by the divider ratio specified in these registers, the clock
(PCLK) divided by the prescaler. Each channel has a baud rate register. More than one bit cannot be set
simultaneously. The clock obtained (GCLK) by dividing PCLK with the baud rate register setting is used
as the serial interface transmit/receive fundamental clock. The clock actually used to shift out data bits
and perform sampling (TCLK) is obtained by dividing the GCLK by eight. Table 5.2 shows the baud rate
register settings and the divider ratios with the baud rate generator (GCLK/PCLK).

Offset address ;

$185 B3 B2 B1 BO SBRRO For channel 0

$195 B3 B2 B1 BO SBRR1 For channel 1
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Baud rate register values Divider ratio
B3 B2 B1 BO Decimal
1 0 0 0 8 1/256
0 1 1 1 7 1/128
0 1 1 0 6 1/64
0 1 0 1 5 1/32
0 1 0 0 4 1716
0 0 1 1 3 1/8
0 0 1 0 2 1/4
0 0 0 1 1 1/2
0 0 0 0 0 1

Table 5.2 Divider Ratios by Baud Rate Generator

Channel n baud rate set value is defined by the following equation:

TCLKn = CLK+PR+2BRR+8

n :  Channel number (n=0, 1)

TCLKn : Channeln baud rate (bps)

CLK : Inputeclock (system clock or BCLK pin input) frequency (Hz)

PR :  Prescaler (SPR) set value (PR=1 to 256 However, PR =256 means value is 0)

BRRn : Channelnbaud rate register (SBRRn) set value (BRRn=0 to 8)
Table 5.3 shows baud rate setting examples.

5.5.7 Serial Data Registers 0, 1 (SDRO, 1)
These registers, one per channel, store transmit data and receive data. Although the transmit data
register and the receive data register share the same address, the two registers are independent. The
receive data register is accessed at read. The transmit data register is accessed at write.

Offset address 2 6 5 4 3 ) 1 0

$189 | D7 D6 D5 D4 | D3 D2 D1 DO | SDROForchannel 0

Reset - - - - - - - -

$199 | D7 D6 D5 D4 | D3 D2 D1 DO | SDR1Forchannel1

305-43



TOSHIBA TMP68305

SCLK =16.67 MHz

Baud Rate BRR PR BRR PR
(bps) ( ). ( ). Error ( ). ( ). Error
Hexadecimal | Hexadecimal Hexadecimal | Hexadecimal
38.4K 0 ($00) 54 ($36) +0.48% 1 ($01) 27 ($1B) +0.48%
19.2K 0 ($00) 109 ($6D) -0.44% 2 ($02) 27 ($1B) +0.48%
14.4K 0 ($00) 145 ($91) -0.20% 4 ($04) 9 ($09) +0.48%
9600 0 ($00) 217 ($D9) +0.02% 3 ($03) 27 ($1B) +0.48%
4800 1 ($01) 217 ($D9) +0.02% 4 ($04) 27 ($1B) +0.48%
2400 2 ($02) 217 ($D9) +0.02 % 5 ($05) 27 ($1B) +0.48%
1200 3 ($03) 217 ($D9) +0.02% 6 ($06) 27 ($1B) +0.48 %
600 4 (%$04) 217 ($D9) +0.02% 7 ($07) 27 ($1B) +0.48 %
SCLK =16.0 MHz
Baud Rate BRR PR BRR PR
(bps) ( ). ( ). Error ( ). ( ). Error
Hexadecimal | Hexadecimal Hexadecimal | Hexadecimal
38.4K 0 ($00) 52 ($34) +0.16 % 1 ($01) 26 ($1A) +0.16 %
19.2K 0 ($00) 104 ($68) +0.16 % 2 ($02) 26 ($1A) +0.16 %
14.4K 0 ($00) 139 ($8B) -0.08 % 2 ($02) 35 ($23) -0.79%
9600 0 ($00) 208 ($D0) +0.16 % 3 ($03) 26 ($1A) +0.16 %
4800 1 ($01) 208 ($D0) +0.16 % 4 ($04) 26 ($1A) +0.16 %
2400 2 ($02) 208 ($D0) +0.16 % 5 ($05) 26 ($1A) +0.16 %
1200 3 ($03) 208 ($DO0) +0.16 % 6 ($06) 26 ($1A) +0.16 %
600 4 ($04) 208 ($D0) +0.16 % 7 ($07) 26 ($1A) +0.16 %
SCLK =12.5 MHz
Baud Rate BRR PR BRR PR
(bps) ( ). ( ). Error ( ). ( ). Error
Hexadecimal | Hexadecimal Hexadecimal | Hexadecimal
38.4K 0 ($00) 41 ($29) -0.76 % 1 ($01) 20 ($14) +1.73%
19.2K 0 ($00) 81 ($51) +0.47 % 2 ($02) 20 ($14) +1.73%
14.4K 0 ($00) 109 ($6D) -0.45% 2 ($02) 27 ($1B) +0.47 %
9600 0 ($00) 163 ($A3) -0.15% 3 ($03) 20 ($14) +1.73%
4800 1 ($01) 163 ($A3) -0.15% 4 ($04) 20 ($14) +1.73%
2400 2 ($02) 163 ($A3) -0.15% 5 ($05) 20 ($14) +1.73%
1200 3 ($03) 163 ($A3) -0.15% 6 ($06) 20 ($14) +1.73%
600 4 ($04) 163 ($A3) -0.15% 7 ($07) 20 ($14) +1.73%

Figure 5.3 Baud Rate Setting Examples (1)
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SCLK =8.0 MHz
Baud Rate BRR PR BRR PR
(bps) ( ). ( ). Error ( ). ( ). Error
Hexadecimal | Hexadecimal Hexadecimal | Hexadecimal
38.4K 0 ($00) 26 ($1A) +0.16 % 1 ($01) 13 ($0D) +0.16 %
19.2K 0 ($00) 52 ($34) +0.16 % 2 ($02) 13 ($0D) +0.16 %
144K 0 ($00) 69 ($45) +0.64 % 2 ($02) 17 ($11) +2.12%
9600 0 ($00) 104 ($68) +0.16 % 3 ($03) 13 ($0D) +0.16 %
4800 1 ($01) 104 ($68) +0.16 % 4 ($04) 13 ($0D) +0.16 %
2400 2 ($02) 104 ($68) +0.16 % 5 ($05) 13 ($0D) +0.16 %
1200 3 ($03) 104 ($68) +0.16 % 6 ($06) 13 ($0D) +0.16 %
600 4 ($04) 104 ($68) +0.16 % 7 ($07) 13 ($0D) +0.16 %
SCLK =7.3728 MHz
Baud Rate BRR PR BRR PR
(bps) ( ). ( ). Error ( ). ( ). Error
Hexadecimal | Hexadecimal Hexadecimal | Hexadecimal
38.4K 0 ($00) 24 ($18) 0% 1 ($01) 12 ($0C) 0%
19.2K 0 ($00) 48 ($30) 0% 2 ($02) 12 ($00) 0%
14.4K 0 ($00) 64 ($40) 0% 2 ($02) 16 ($10) 0%
9600 0 ($00) 96 ($60) 0% 3 ($03) 12 ($00) 0%
4800 0 ($00) 192 ($C0) 0% 4 ($04) 12 ($0C) 0%
2400 1 ($01) 192 ($C0) 0% 5 ($05) 12 ($00) 0%
1200 2 ($02) 192 ($€0) 0% 6 ($06) 12 ($00) 0%
600 3 ($03) 192 ($C0) 0% 7 ($07) 12 ($00) 0%
SCLK = 1.8432 MHz
Baud Rate BRR PR BRR PR
(bps) ( ). ( ). Error ( ). ( ). Error
Hexadecimal | Hexadecimal Hexadecimal | Hexadecimal
38.4K 0 ($00) 6 ($06) 0% 1 ($01) 3 ($03) 0%
19.2K 0 ($00) 12 ($00) 0% 2 ($02) 3 ($03) 0%
14.4K 0 ($00) 16 ($10) 0% 2 ($02) 4 ($04) 0%
9600 0 ($00) 24 ($18) 0% 3 ($03) 3 ($03) 0%
4800 0 ($00) 48 ($30) 0% 4 ($04) 3 ($03) 0%
2400 0 ($00) 96 ($60) 0% 5 ($05) 3 ($03) 0%
1200 0 ($00) 192 ($C0) 0% 6 ($06) 3 ($03) 0%
600 1 ($01) 192 ($C0) 0% 7 ($07) 3 ($03) 0%

Figure 5.3 Baud Rate Setting Examples (2)
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Chapter 6 DMA Controller

6.1 Outline
The DMA controller (DMAC) has two independent channels, a 24-bit memory address counter, and a
16-bit data transfer counter. The DMAC can transfer data at high speed without passing through the
CPU.
Each channel is provided with the DREQO and DREQ1 external pins for receiving DMA requests, and
DACKO and DACKI1 external pins for responding to requests. In addition, a channel is provided with
shared pin DONE, which can suspend DMA operation or notify end of DMA service.

Two independent DMA channels

Maximum 16M bytes of address space

Maximum of 64K - 1 byte/word for block transfer

Transfer operands can be either bytes or words

Maximum transfer speed of 8M bytes per second

Byte or demand bus mode for external requests

Single- or dual-address mode

Burst or cycle-steal transfer mode

Transfer direction: memory<memory or memory<>I/O device
An interrupt can be generated at DMA service completion or when an error occurs.
Supports I/O devices with an ACK - READY function

*  DMACS —»|
_ Bus request circuit

Channel 0

<+— .
BR > Memory source register
IBG 4 — Memory destination register
BGACK +—| y : — FCO
Data transfer register
_ DMA acknowledge —» FC1
i circuit Channel 1
DREQ0 —P| > FC2
'y > Memory source register —
DREQT —» J " < RDY
—p> Memory destination register R
DACKO €— < DTACK
Data transfer register —
DACKT DMA control «—> AS
circuit
DONE <+—» > UDs
___ A
DTC <+— v «—» DS
» Memory counter R
* DINTO <—— [Operation control —> —> RW
i Data transfer counter S
« DINTT register «—— RESET
* DIACKO —» A v < BERR
\4

*  DIACKT —P
Bus interface

*: Internal signal

A23to 1

Internal bus
D15to 0

Figure 6.1 DMA Controller Block Diagram
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6.2 Operational Description

6.2.1 Bus Arbitration
The DMAC asserts the BR (bus request) signal to obtain bus mastership. The core detects the BR signal
and asserts the BG (bus grant) signal. Receiving the BG signal, the DMAC monitors the bus status,
checks that the bus is released, then asserts the BGACK (bus acknowledge) signal. The DMAC asserts
the OWN signal half a clock before assertion of the BGACK signal.
The BG signal from the core processor is output externally via the DMAC.

6.2.2 Transfer Request Generation
There are two types of DMA transfer requests. One type is used between memory and a peripheral I/O
device. In this case, the peripheral I/O device asserts the DREQ (DMA request) signal to generate the
request. (This type can also be used between memory and memory-mapped I/O.) The other type is used
between memory areas (memory-mapped I/O devices). In this case, the request is generated by setting the
DST bit of the channel control register (CHCR).

6.2.2.1 External Requests

For DMA between memory and a peripheral I/O device (including DMA between memory and memory-
mapped I/0), after the initial settings are made, the peripheral I/O device asserts the DREQ (DMA
request) signal to generate the request.

Next, the DMAC performs bus arbitration with the core processor then, after obtaining bus mastership,
starts the DMA transfer.

In the above case, the DMAE bit in the channel control register (CHCR) and the operation control
register (OPCR) must be set.

The OPC bit of the channel status register (CHSR) is set when the data transfer count register (DTCR)
is set to $0000 at completion of the DMA transfer. As long as the OPC bit is set, DREQ is ignored.
Writing again to DTCR clears the OPC bit.

When edge mode is set, the DREQ signal is sampled at the rising edge of the system clock (SCLK).
Therefore, the signal is received provided DREQ remains low for at least one clock cycle. Then, when S4
falls, the DMAC acknowledges DREQ.

6.2.2.2 Auto Request
Auto request is supported for memory-to-memory (or memory-mapped I/O device) transfers only. The
request is generated by software. Setting the DMAE bit of OPCR (operation control register) and CHCR
(channel control register) generates a DMA request. After obtaining bus mastership, the DMAC
continuously transfers data until the value in the data transfer count register (DTCR) reaches $0000. In
this mode, DONE or DACK signals are not asserted.
When the DTCR value reaches $0000, the DST bit is cleared.

6.2.3 Ending and Suspending Transfer

6.2.3.1 Data Transfer Complete
When the DMA bus cycle ends, DTC is asserted. DTC is asserted half a clock before USD and LDS are
negated, and negated half a clock later.

6.2.3.2 Service Complete
When the DTCR value reaches $0000, DONE is asserted and block transfer ends for that channel.
The OPC bit of CHSR is set, and a service complete signal is output to the internal interrupt controller
(provided the INTE bit of CHCR and OPCR is set). While the OPC bit is set, the DMAC ignores external
requests (DREQ) and does not transfer data. The OPC bit can only be cleared by writing data in DTCR.
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6.2.3.3 Suspension
An external device asserting DONE to the external input pin sets the DIT bit of CHSR, suspends the
current channel DMA transfer after completion of the transfer bus cycle, and cancels the request.
Asserting DONE to the external input pin in other than a DMA cycle ignores the DREQ input.
This is particularly useful for suspending the DMA transfer during an auto request burst transfer. The
remainder of the transfer is restarted with the next request. However, a falling edge is always required
for external requests.

6.2.4 Channel Priority

The DMA request channel priority is fixed at ch0 > chl. Channels where requests are made before the
SCLK rising edge one clock before the BGACK signal output by the DMAC are selected in this order.

If a request is made from chO while chl is performing burst transfer, the request is held until the
current DMA transfer is complete. However, if the request is generated during a cycle-steal transfer, the
transfer is temporarily interrupted and the chO transfer is performed. At completion of the high priority
channel transfer, transfer is resumed on chl.

6.2.5 Priority with External Bus Master

The internal DMAC priority is higher than the external bus master priority because the
internal/external priority is fixed internally using the daisy-chain method.

Accordingly, while the internal DMAC is operating, external bus master requests are held and the BG
signal is not asserted until the BGACK signal is negated.

Even if an external bus master request is generated, the BG signal is not output externally if an
internal DMAC bus request is generated before the BG signal is output by the core processor.

If the DONE signal is continuously asserted while the DMAC is not operating, all internal DMAC
transfer requests are ignored enabling the external bus master to have the highest priority.

6.2.6 Address Transfer Mode

There are two DMAC address transfer modes.

One is single-address transfer mode, in which the DMA transfer is performed in one bus cycle. This
mode is used only for transfers between memory and I/O devices with an ACK function or with an ACK -
READY function.

The other mode is dual-address transfer mode, in which the DMA transfer is performed in two bus
cycles. While this mode is used only for memory-to-memory (or memory-mapped I/O device) transfer for
auto requests, the mode can also be used for transfer between memory and I/O devices with an ACK
function for external requests. In this case, the data read from the memory specified by the source address
are stored in the DMAC temporary register.

— Single-address transfer —|: Byte transfer

(external request) Demand transfer —|: Burst transfer
Cycle-steal transfer

DMA transfer —— Dual-address transfer —[ Byte transfer

(external request) Demand transfer —I: Burst transfer
Cycle-steal transfer

— Dual-address transfer (auto request) Burst transfer
Cycle-steal transfer
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6.2.6.1 Single-Address Transfer Mode

This mode is useful for transfers between memory and I/O devices with an acknowledge function. The
transfer uses handshaking between the DREQ and DACK signals. Memory is addressed; the port is
selected for the I/O device by the DACK signal output by the DMAC.

The transfer procedure is as follows. After initialization, the DREQ signal is asserted from the I/O
device and bus arbitration starts. After bus mastership is obtained, DMA operation starts. The DACK
signal is asserted and, at the same time, the memory read/write cycle is executed. A DTACK signal is
asserted for the memory. The DMAC asserts DTC signal after acknowledging DTACK signal and ends
transfer. However, as the read/write (R/W) signal control is for memory, the R/W signal for I/O devices
must be inverted by an external circuit. Only this mode supports transfer to I/O devices with an
acknowledge and ready function. For transfer, the RDY bit in CHCR must be set for each channel. The
transfer starts with handshaking between the DACK and RDY signals. The transfer procedure is as
follows. After initialization, the DREQ signal is asserted from the I/O device and bus arbitration starts.
After bus mastership is obtained, DMA operation starts, and the DACK signal is asserted. The DMAC
waits for the DTACK signal from memory and the RDY signal from the I/O device with an ACK - READY
function. When both are received, the DMAC asserts a DTC signal and ends transfer.

This mode can only be requested by external requests.

6.2.6.2 Dual-Address Transfer Mode

This mode is used for memory-to-memory (or memory-mapped I/O device) transfer where both source
and destination have an address. Addressing is performed for both source and destination. The DMAC
transfers data by dividing the bus cycle into read and write cycles. The DACK and DONE signals are
asserted in the read or write cycle in which a memory-mapped I/O device is being accessed. The read data
are temporarily stored in the DMAC temporary register.

Byte memory access is used for transfers between 16-bit memory and I/O devices with 8-bit ports. The
bus is not released during switching between the two bus cycles (between read and write). The DTC
signal is asserted after the DTACK signals are acknowledged for the read and write cycles.

This mode can be requested by either external or auto requests.

6.2.7 Transfer Mode
Byte and demand transfer modes are supported. Demand transfer mode has further two modes: burst
and cycle-steal transfer modes.
Dual transfer mode by auto request also has two modes: burst and cycle-steal transfer modes.

6.2.7.1 Byte Transfer Mode

This mode is used only for transfers between memory and I/O devices.

When the DREQ signal is asserted, after bus arbitration, the DMAC obtains bus mastership, performs
one data transfer, and releases the bus. Accordingly, the transfer ends after one bus cycle for single-
address transfers and after two bus cycles for dual-address transfers. Note that before another transfer
can be requested, the previous request must be cleared.

6.2.7.2 Demand Transfer Mode
This mode is used only for transfers between memory and I/O devices. When the DREQ signal is
asserted for the DMAC, after bus arbitration, bus mastership is obtained, and the DMA cycle is generated.
However, DMA cycles continue to be executed as long as the DREQ signal is asserted. Accordingly, if the
DREQ signal is negated (prior to the S4 clock falling edge), the DMA cycle ends at that point and the bus
is released. To request this mode externally, use level mode.
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6.2.7.3 Cycle-Steal Transfer Mode
In this mode, when a transfer request (external or auto request) is generated for the DMAC, after bus
arbitration, bus mastership is obtained. After the DMAC transfers one byte or word, it passes bus
mastership to the core processor. After the core processor completes one bus cycle, it releases bus
mastership back to the DMAC, which executes another byte or word transfer. In this mode, transfer
operation repeatedly continuous. Cycle-steal transfer ends under one of the following four conditions:

@O The DTCR value reaches $0000.

@ The DONE signal is asserted (suspension).

®  Abuserror (BERR) occurs.

A DREQ signal is negated (in demand transfer mode).

Even if an external BR signal is asserted in this mode, the external request is held over.

6.2.7.4 Burst Transfer Mode
In this mode, when a transfer request is made to the DMAC, after obtaining bus mastership, the DMAC
has exclusive possession of the bus, during which time it continuously executes DMA cycles, until transfer
ends or until the completion conditions are satisfied. Burst transfer ends under one of the following four
conditions:
@O The DTCR value reaches $0000.
@ The DONE signal is asserted (suspension).
®  Abuserror (BERR) occurs.
@ A DREQsignal is negated (in demand transfer mode).

6.2.8 Interrupt Generation
DMAC has the following two interrupt causes:
1)When the DTCR value reaches $0000, the DMA service completion interrupt signal is output.
2)Error interrupt This interrupt is generated under the following conditions.

@ Buserror (BERR signal is asserted)
@  Address error (word access to an odd-numbered address)

©

Count error (transfer request with DTCR set to $0000)

When a bus error occurs during dual-address transfer, the BERW bit of CHSR can be used to check
whether the error occurred in the read or the write cycle.

If an address or count error occurs, the error interrupt is generated when the transfer is requested to the
DMAC and therefore no DMA transfer is executed.

All interrupt signals are output to the internal interrupt controller.

6.3 1/0 Device Support
In single-address transfer mode, I/O devices with an ACK function or with an ACK - READY function
can transfer data to the DMAC. In dual-address transfer mode, only external memory-mapped I/O devices
and IO devices with an ACK function can transfer data to the DMAC. The internal peripheral I/O devices
cannot perform DMA transfers.
The following lists external I/O devices that can support DMA.
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R Device si
Address mode Device type equest Ope.rand .ewce 5|ze.
Channel Viode size 8 bits | 16 bits
DMA
transfer | Single 1/0 device with ACK function Cho, Ch1 | External (DREQ) Byte O B
address 1/0 device with ACK - READY function ' Word _ O
Dual 1/0 device with ACK function ChO. Ch1 External (DREQ) Byte O O
address Memory-mapped I/O device ' Auto (DST bit) Word _ o

6.4 Addressing and Data Maps
Memory address updating due to DMAC data transfer is determined by the mode setting conditions.

Table 6.2
. L Memory address increment I/0 address increment
Operand size Device size -

Single Dual Single Dual
8 bits +1 +1 - +2

Byte
DMA transfer 16 bits - +1 - +1
Word 16 bits +2 +2 - +2

The following are examples of mode setting conditions.
@ Single-address transfer mode: operand—byte, device—8-bit

Under these conditions, the I/O device is connected to either the upper or lower data bus.
Therefore, when reading from memory, control is required such that the read data are collected on
the side of the data bus to which the device is connected. When writing to memory, the converse is
required. Therefore, during the DMA cycle, detect the DACK signal and switch the bus in
accordance with the UDS/LDS signal.

The start memory address can be either even-numbered or odd-numbered.

D15 D7 DO D7 DO
(1) YYH (2) XXH - (1) YYH
(3) ZzH — (2) XXH
Memory (8) 7zH
Device

@  Single-address transfer mode: operand— word, device—16-bit
Under these conditions, the above control is not necessary because both the I/O device and memory
are connected to a 16-bit data bus.
The start memory address must be even-numbered.

D15 D7 DO D15 D7 DO
(1) YYH (1) XXH S (1) YYH (1) XXH
(2) ZzH (2) WWH (2) ZzH (2) WWH
Memory Device
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\3/

Dual-address transfer mode: operand—byte, device— 8-bit

Under these conditions, the I/O device is connected to either the upper or lower data bus asin 1
above. However, for dual-address transfer, data bus switching by an external circuit is not required
because the read data are stored in the DMAC temporary register. (Switching is performed by the

DMAC.)

While the memory start address can be either even- or odd-numbered, the start device address
must correspond to the side of the data bus to which the device is connected. For example, if the
device is connected to the upper data bus, the address must be even-numbered.

D15 D7 DO
(1) YYH (2) XXH
(3) ZzH —_—
Memory

A

D15

(1) YYH

(2) XXH

(3) zzH
Device

Dual-address transfer mode: operand—byte, device—16-bit
Under these conditions, no particular limitations apply because the I/O device and memory are
both connected to a 16-bit data bus.
No limitations apply to the memory and device start addresses.

D8

DO

D15 D7 DO D15 D7
—_— (1) YYH - - (1) YYH (2) XXH
(2) XXH (3) ZzH ‘ (3) ZzH (4) WWH
(4) WwH Device
Memory

Dual-address transfer mode: operand—word, device— 16-bit
Under these conditions, while the I/O device and memory are both connected to a 16-bit data bus,
the memory and device start addresses must both be even-numbered.

DO

D15 D7 DO D15 D7
(1) YYH (1) XXH 1) YYH 1) XXH
- - ) )]
(2) ZzH (2) WwWH (2) ZzH (2) WWH
Memory Device

6.4.1 Reset Operation
The following processes are performed when the DMAC is reset.

@ The DMAC internal registers are initialized to the following values.
OPCR $00
CHCRO, 1 $0000
CHSR $0000
SMARQO, 1 Undefined
DMARQO, 1 Undefined
DTCRO, 1 Undefined
@  If a reset occurs during DMA transfer, execution halts, even if in the middle of a bus cycle, and the

bus is released. Therefore, the DMA transfer is not performed normally.
In addition, all control signals are negated and transfer stops.
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6.5 Register Configuration
6.5.1 Operation Control Register (OPCR)
This register enables operation of the two DMAC channels.
A reset initializes the register to $00.
Offset address 6 5 4 3 ) 1 0
$28D RWE FC2 bmAE INTE | OPCR
Reset 0 0 0 0
R R R: Read only
RWE : DMAC internal register read/write control
0 : Disablesregister read/write.
1 : ZEnablesregister read/write.
FC2 :  DMA transfer address space setting
0 : Userdataspace
1 : Supervisor data space
DMAE : DMA operation setting
0 : Disable DMA operation
1 : Enable DMA operation
INTE : Interruptgeneration control
0 : Nointerruptrequestsignal
1 : Interruptrequestsignal
6.5.2 Channel Control Registers 0, 1 (CHCRO, 1)
These registers set the modes for the DMA channels.
A reset initializes the registers to $0000.
Offsetaddress (0 44y 413 12 11 10 9 8 7 6 5 4 3 2 0
AM ' RDY MACD MACS|DPW ' OPW ' DST ' ERC | DSSH TDIR ' TDIR TMOD|TMOD ' RS$ DMAE' INTE | CHCRO
$290 1 1 1 1 1 1 1 1 1 0 1 1 0 1 For chQ
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0

$280 1 0 1 0

AM ' RDY 'MACD MACS| DPW ' OPW ' DST ' ERC |D$SH TDIR ' TDIR TMOD|TMOD' RSS DMAE INTE | CHCR1

For ch1

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0

AM . Single/dual transfer select
0 : Single transfer
1 : Dual transfer

RDY : Device with/without RDY function select
0 : DisableRDY
1 : EnableRDY

MACD : DMAR countup function setting
0 : Disable DMAR countup function.
1 : Enable DMAR countup function.

0
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MACS

DPW

OPW

DST

ERC

DSSH

TDIR1,0 :

SMAR countup function setting

0 :Disable SMAR countup function.

1 :Enable SMAR countup function.

Device port width select

0 :8-bit width

1 :16-bit width

Operand width select

0 :8-bit width

1 :16-bit width

DMA request initiation control using software
(Automatically cleared after service completion)
0 :Does not initiate DMA request by software.
1 :Initiates DMA request by software.

Error flag clear

0 :Nooperation

1 :Clears ERR, ERRCDO, and ERRCD1 bits of CHSR.
DMA request trigger cause select

0 :Hardware (DREQ) cause (external request)
1 :Software (program) cause (auto request)
Data transfer direction setting

TDIR1 TDIRO Data transfer direction

0 0 Memory—I/O

0 1 1/0O—memory

1 1 Memory—memory (memory-mapped I/O—memory)

1 0 Memory—memory (memory—memory-mapped |/0)

TMOD1,0:

Transfer mode setting

TMOD1 | TMODO Transfer mode

0 0 Byte transfer (valid only at external request)

Cycle-steal transfer on demand transfer (at
0 1 external request)
Cycle-steal transfer (at auto request)

Burst transfer on demand transfer (at
1 1 external request)
Burst transfer (at auto request)

RSS

DMAE

INTE

DMA request sighal input mode select
0 : Edge mode

1 : Level mode

Operation setting

0 : Disable DMA operation.

1 : Enable DMA operation.
Interrupt generation control

0 : Nointerrupt request signal

1 : Interruptrequestsignal
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6.5.3 Channel Status Register (CHSR)
This register indicates the operation status of the two DMAC channels.
A reset initializes the register to $0000.
Offsetaddress o 414 43 12 11 10 9 8 7 6 5 4 3 2 1 0
$28E [BERW DIT IER1R1CD ER1ROCDIER§1CDIER§0CD ERR1 ERRO REQ1 | REQO OPCT OPCO CHCR
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R R R R
R : Read only
BERW Bus error at dual address transfer
0 :Generates in write cycle.
1 :Generatesinread cycle.
DIT DONE input generation
0 :NoDONE input
1 :DONE input
ERRCDx1,0 : Error code
ERRCD11 | ERRCD10 Error Code
0 1 Channel 1 bus error
1 0 Channel 1 address error
1 1 Channel 1 count error
ERRCDO1 | ERRCDOO Error Code
0 1 Channel 0 bus error
1 0 Channel 0 address error
0 1 Channel 0 count error
ERR (0,1) DMA channel 0, 1 error
0 : Noerror
1 : Error
REQ(0,1) : DMA channel 0,1 request
0 : NoDMA request
1 : DMA request received
OPC(0,1) DMA channel 0, 1 complete
0 : DMA service not complete
1 : DMA service complete
Note: The OPC bit is cleared when the data transfer count register for the relevant channel (DTCR) is

rewritten.
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6.5.4 Data Transfer Count Registers 0, 1 (DTCRO, 1)
These registers set the number of data bytes or words to transfer on the DMA channel.
After reset, the registers are undefined. The number of data transfers does not depend on the operand

width (byte or word).
Offsetaddress oy 43 412 11 10 o 8§ 7 6 5 4 3 2 1 0
$292 T T 1 T 1 1 1 1 T 1 T T
DT15 DT14 DT13 DT12 | DT11 DT10 DT9 DT8 DT7 DT6 DT5 DT4 DT3 DT2 DT1 DTO
1 1 L 1 L 1 1 1 1 1 1 1
Reset - - - - - - - - - - - - - - - -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1
$282 DT15 DT14 DT13 DT12 | DT11 DT10 DT9 DT8 DT7 DT6 DTS DT4 DT3 DT2 DT1 DTO
L 1 1 1 1 L L L 1 L 1 1
Reset - - - - - - - - - - - - - - - -
6.5.5 Source Memory Address Registers 0, 1 (SMARO, 1)
These 24-bit registers store the DMA channel source memory address.
At single address transfer, the registers store memory addresses.
After reset, the registers are undefined.
f
Offsetaddress o 4y 43 12 11 10 o 8 7 6 5 4 3 2 1 0
$294 1 1 1 T 1 1 T 1 T 1 T 1
$A23 SA22 SA21 SA20 [ SA19 SA18 SA17 SAT16
Reset - — — - _ — - _ — - — — - _ _ —
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 T T T T 1 T 1 1 1 1 T
$296 SA15 SA14 SA13 SA12 | SA11 SA10 SA9 SA8 SA7 SA6 SAS SA4 | SA3 SA2 SA1 SAO0
L 1 1 1 1 L 1 1 1 1 1 1
Reset - - - - - - - - - - - - - - - -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1
$284 SA23 SA22 SA21 SA20 [ SA19 SA18 SA17 SA16
Reset - - - - - - - - - - - - - - - -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1
$286 SA15 SA14 SA13 SA12 | SA11 SA10 SA9 SA8 SA7 SA6  SAS5 SA4 SA3 SA2 SA1 SAQ
1 1 L 1 L 1 L 1 1 1 1 L
Reset - - - - - - - - - - - - - - - =

DTCRO
For ch0

DTCR1
For ch1

SMAROQ
For chO
(Upper)

SMAROQ
For chQ
(Lower)

SMARI1
For ch1

(Upper)

SMAR1
For ch1
(Lower)
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6.5.6

6.5.7

1.

Destination Memory Address Registers 0, 1 (DMARO, 1)
These 24-bit registers store the DMA channel destination memory address.
Offset ad:;sj 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T 1 T T 1 1 1 1 T 1 T T
DA23 DA22 DA21 DA20|DA19 DA1g DA17 DAls| DMARO
L 1 1 L L L 1 1 1 1 1 1 1 For chO
Reset - - - - - - - - - - - - - - - - (Uppen
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 T 1 T 1 T 1 1 1 1 1
$29A DA15 DA14 DA13 DA12|DA11 DA10 DA9 DA8 | DA7 DA6 DA5 DA4 | DA3 DA2 DA1 DAO DMARO
1 1 1 1 1 1 1 1 1 1 1 1 For ch0
Reset - - - - - - - - - - - - - - - - (lower)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 T T 1 T T 1 T 1 T 1 T T
$288 DA23 DA22 DA21 DA20|DA19 DA18 DA17 DA16| DMARI
1 1 1 1 1 1 1 1 1 1 1 1 1 Forch1
Reset - - - - - - - - — - - - - - - - (Uppen
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 T T T T 1 T 1 T T T T
$28A |DA15 DA14 DA13 DA12|{DA11 DA10 DA9 DA8 | DA7 DA6 DA5 DA4 | DA3 DA2 DAl DAo | PMARI
L 1 1 1 L 1 L 1 1 1 1 L For ch1
Reset - - - - . . - . . - - . - - . . (Lower)
Cautions
At word access transfer, write even-numbered values in the source memory address registers and the
destination memory address registers.
At single address transfer, use only the source memory address registers.
When writing to registers, first set the RWE bit of the operation control register. At DMA transfer, do
not specify an assigned address in a DMAC register.
. When an address error and a count error occur simultaneously, the count error in the status register is
valid.
If noise occurs in the DREQ signal during a command burst transfer, the DREQ signal may be

thereafter partially unrecognizable. Hence, care is required. (See the diagram below)
To restore the signal (to recognize the DREQ signal and output the BR signal), first clear the DMAE
bit of the channel control registers, then set the bit.

cwour LI M g gl gl Tl T ML
oReq —\ A\

Noise generated DREQ unrecognizable
BR \ ,

BUS cPU = DMA X DMAX DMAX DMA X DMA X DMA M CPU

BGACK 1\ /
own T [
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6.5.8 Bus Cycle Timing Chart

(1) DMAC bus arbitration

DREQ \ ’

BGACK \ [/

BUS CPU BUS Cycle )—( DMA Bus cycle CPU Bus cycle

* . Core processor output BG

(2) Single address transfer (without RDY)

A T [~ \ '

Memory — I/0 /0 > memory
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(3) Single address transfer (with RDY)

seack T\ — 1\ —

pTC v/ U/
oWN \ [ \ [

Memory — I/0 /0 > memory

(4) Dual address transfer (Memory — memory)

BeAcK =\ ~

A1~23 _( )_( )_

AS —\ [ \ N—
UDS/LDS
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(5) Dual address transfer (Memory — memory-mapped I/O)

CLKOUT | | | || | | | || | | | || | | | || | | | || | | | || | |

BGACK

A1~23

i

hlJ

TTT

C
Q
v
~
g ‘
v

JEJ[ [
I

DACK

DTACK

ol

DO~15

DTC

S50

OWN

(6) Dual address transfer (Memory-mapped I/O — memory)

CLKOUT | | | || | | | || | | | || | | | || | | | || | | | || | |

BGACK

A1~23

i

hl/l

TrT

DACK

DTACK

ol

DO~15

DTC

Rty

554
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(7) Service complete

SO S2 S4 S6

caxout [T LML Lo
BUS — DMA —

s — T\
DONE* \ ,

* Open drain output

6.5.8.1 Transfer Modes

(1) Byte transfer

ewout LI L L L
DREQ \/ \ [

BUS cru ) bma )~ cPU M ova < cPU

(2) Cycle steal transfer
cwour LI Tl Tl gl gl M M L gl g L
DREQ | [
BR / _/ _/
BUS cPU ) DMA }— cPU }—~ DMAM— CPU }—{ DMAM{ CPU
ow T\
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(8) Burst transfer

cwour LI LMl MM LM ML
oREQ | [
w T\
BUS cPU )} DMA X DMAX DMAX DMA X DMA X DMA M CPU
BeACK '\ /
OWN \ |

(4) Transfer suspended due to DREQ (at burst or cycle steal transfer)

S0 1525354555657
ceut (LM LI L L L
DREQ Al s
BurstA  DMA1X bDMA2 X DMA3 X DMA4 — CPU
BurstB DMA1X DMA2 X DMA3 X DMA4 X DMAS5 }—( CPU
Cyclesteal A DMAT—{ cPU }— DMA2 — CPU

Cyclesteal B DMA1Y—{ cpU y— pMA2  )y— cpu }— DmA3 CPU

6.5.8.2 Multiple Requests and Priority

(1) Multiple requests

cwout LI Tl M L LML
DREQO ./
DREQT v/

BR /
BUS cpu )~ oma X bva Y~ cpu

(ch0)  (ch1)

OWN \ /
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(2) Priority at cycle steal transfer

cwour SVl Ll L L L

DREQO \

DREQ1 \ >

U
)

cru — cru — cru — bma — cpu »—{ DmA

(CH1) (CHO)

(T,
S|

BUS

=

Continued \—/ \—/
cru y— oma X oma »— cru  }—( DwmA
_ (CHO)  (CH1) (CH1)

(3) Receive timing at multiple requests

S0S1525354555657 _ S0S1S2  $657505152  $657 5051525354
CLKOUT
BREQD \ | /
1
DREQT _\_/ !
I
BR \ ! /
L)
|
BUS CPU H DMA X DMA CPU
I (CHO) (CH1)
I
S0S1525354555657) _ S0S1S2  $657 505152 S657 5051
ax _I_I_I_I_I_LI_I_I_L+_I_I_I_I_L;J_LI_I_I_I_I_LI_LJ_LI_LI_I_I_L
DREQOD T\ /
I
DREQ1 _\_/ 1
I
BR \ ' [
|
BUS CPU DMA DMA CPU
I (CH) (CHO)

DREQ final sampling point
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6.5.8.3 Interrupt Request Timings
(1) Service complete bus error
SO S2 S4 S6 SO S2 S4 S6 SO S2 S4 S6
BUS —( DMA| | }— BUS ——( | \DmA \)—
BTATNT DMAINT
C—. )
SRR D —— it
v & (?/
BERW [ - N
Single Dual
(2) Address error/count error
DSTI\I\/:\QIWU
DREQ
DMAINT
DST is cleared when error occurs.
(3) Suspension
S4 S6 SO S2 S4 S6 SO S4 S6 SO 52 S4 56 .- SO S2
BUS DMA X DMA CPU
DST \
DONE \:L v s
Ve d
\\
BGACK - =)

Transfer suspended during dual address transfer
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6.5.8.4 Priority for Internal and External BR

DREQD 3 =\
- g
BR (internal) rﬂ\?/i \ ! [
LT —— o
BR (external) —\ & 4 DREQ, higher priority

(_- - ————
S DV B

BG (internal)

—

—
BG (external) \ /—
BGACK \ . /.

N H

({4
BUS CPU cycle —< DMA rycle 2 External bus master

)

L0,

OWN \ Ih

* The priority between internal and external BR is determined according to the
timings of internal BR output and core internal BG output.
Internal BRis output at the clock falling edge; external BG, at the clock
rising edge. Thus, if DREQ is sampled at the next clock, the external BR
prevails over the internal BR.
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Chapter 7 Timer
7.1 Outline
The timer consists of one channel with a 16-bit counter. The timer has an 8-bit prescaler and generates
interrupt requests.
Built-in 16-bit counter
Count data are readable
Generates interrupts.
Programmable operating modes
Max. 8 MHz count
Figure 7.1 shows the timer outline.
T T T T T T T T T T T 1 1 1 1 TcIR 1 1 1
. P4 ,P3,P2,P1, , N1, ., . . LINT,CS,TS]|
T = R
LK 1 Prescaler TINT
......................... T CTR Clear
16-bit counter
. ( Y y J
Select ch Register [—> TCR —
—> Compare circuit Output
select TMCR
Alto A4 circuit control
—_— circuit
> TCTR L
UDS, LDS, R'W MAX count register
—_— TMCR T

CLK

Figure 7.1 Timer Channel Outline

7.2 Operational Description

The internal counter is a 16-bit upcounter. Immediately the count value in the 16-bit counter reaches
the value set in the MAX count register, the channel generates a count match signal that clears the count
value. The channel can generate an interrupt request signal within the channel.

The channel has three 16-bit registers: control register, count register, and MAX count register.

7.2.1 Setting and Modifying Maximum Counts, Reading Counts
The value written in the MAX count register specifies the maximum count.

Changing the MAX count register sets and modifies the maximum count. (The register can be rewritten
during operation.)
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7.3 8-Bit Prescaler

The 8-bit prescaler divides the system clock by 2, 4, 8, 16, 32, 64, 128, or 256 to obtain a count clock. Use
the control register to set the divider ratio.

7.4 Interrupt Generation
The control register controls interrupt generation mode.
The timer ignores and does not store the count match signal during modes in which interrupt request
signals are not generated. Therefore, even though modes are switched, an interrupt is not generated.
Interrupt generation timing: an interrupt request signal is generated when a count match signal is
generated.

7.5 Register Reading/Writing
Reading a register during a count operation does not affect the count operation or timer output signal.

During write to a register during counting, an interrupt or the count match signal (match signal for the
count value and MAX count register value) is ignored.

7.6 Register Configuration

7.6.1 Timer Count Register

The count value is read from this register. Only the upper byte or the lower byte can be read. The
register is normally read only.

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

1 T T T T T T T T T T T
adgl;_%scs C15 C14 €13 c12|c11 c10 9 c8|c7 6 ¢ ca|c3 2 ¢ co|TeTR
1 1 1 1 1

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R R R R R R R R R R R R R R R R

R : Read only
7.6.2 MAX Count Register
The value written to the MAX count register specifies the maximum count.
Offset 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
add ress 1 1 1 1 1 1 1 1 1 1 1 1 TMCR
$204 IVI15]M14IM13IIVI12 IVI11IM1OIM91M8 M7|M61M5|M4 M31M2|M1 lMO MAX For
Reset - - - - - - - - - - - - - - - - cho
7.6.3 Timer Control Register
The control register controls the count operation. The register consists of the following bits.
Offset 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
adgg%sg P4 P3 P2 PI N/1 INT ¢s 715 |TCR
Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
R R R R R R R R
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P4,P3, P2, P1: Prescaler divider ratio setting

NI

INT

CS

TS

P4 P3 P2 P1 Divider ratio
0 0 0 1 1/2

0 0 1 0 1/4

0 0 1 1 1/8

0 1 0 0 1716

0 1 0 1 1/32

0 1 1 0 1/64

0 1 1 1 1/128

1 X X X 1/256

X: Anyvalue
Repeat specification

0 : Halts count operation after one cycle. (One shot)

When the MAX count value is reached, the CS bit is set to 1 and the T'S bit to 0, halting the
count operation.

1 : Repeats count operation. (Repeat)

Interrupt request bit

0 : No interrupt request signal

1 : Interrupt request signal

Count clock input control

0 : Inputs count clock to counter. (Starts count operation.)

1 : Does not input count clock to counter. (Stops count operation.)

Timer operation setting
0 : Clears counter.
1 : Releases clear state and start counter.
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Chapter 8 Clock Generator

The clock generator generates clocks supplied internally and externally. The frequency is 16.67MHz
and the generated clocks are output to CLKOUT. As an alternative, the system clock can be directly
input from the X2 pin. In this case, leave the X1 pin open.

8.1 Crystal Oscillator
TMP68305 incorporates a crystal oscillator. Connecting the oscillator to the external pins (X1, X2)
obtains the required clock. Figure 8.1 is an example of oscillator connection.

Frequency Model number Equivalent series resistance (max.) Ci1=C, Rd
16.67 MHz CSA - 309 50 Q 10pF 560 Q
X1 X2
Rd

[

Figure 8.1 Crystal Oscillator Connecting Example

The oscillation frequency is determined depending on the crystal oscillator's load capacitance and
external capacitance, C1 and C2. Since the crystal oscillator's equivalent resistance (Ra) and external
capacitance C1 and C2 (Rd) greatly affect oscillation, to start and maintain stable oscillation, use the
above recommended values.

8.2 Ceramic oscillator
Table 8.2 Ceramic Oscillator (by Murata Mfg.) and External Capacitance

Frequency Model number =G
16.67 MHz CSA16.67M x 040 10pF
X1 X2

[

Figure 8.2 Ceramic Oscillator Connection Example
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Chapter 9 Internal Peripheral Device Register Maps

9.1 Register map (1)

(O Address decoder O Interrupt controller
Offset Offset Offset Offset
address 15 ————-—----- 87 ——m—————- 0 address address 15 ————————- 87 —=—mm7———- 0 address
$000 AMARO $001 $080 ICRO $081
$002 $003 $082 ICR1 $083
$004 $005 $084 ICR2 $085
$006 $007 $086 ICR3 $087
$008 $009 $088 ICR4 $089
$00A $00B $08A ICR5 $088
$00C 7\ ATOR $00D $08C ICR6 $08D
$00E ARELR $00F $08E ICR7 $08F
$090 ICR8 $091
$092 $093
$094 IMR $095
$096 IPR $097
$098 IISR $099
$09A IVNR $09B
$09C $09D
$09E $09F

O serial interface

Offset Offset
address 15 —==—==--- 8 7 —======-- 0 address
$180 SMRO $181
$182 SCMRO $183
$184 SBRRO $185
$186 SSRO $187
$188 SDRO $189
$18A $188B
$18C SPR $18D
$18E SCR $18F
$190 SMR1 $191
$192 SCMR1 $193
$194 SBRR1 $195
$196 SSR1 $197
$198 SDR1 $199
$19A $19B
$19C $19D
$19E $19F

305-70



TOSHIBA TMP68305

O 16-bittimer O DMA controller

Offset Offset Offset Offset
address 15 —====---- 8 7 ——====--- 0 address address 15 —=——----- 87 —mmmmmmm- 0 address

$200 TCR $201 $280 CHCR1 $281

$202 $203 $282 DTCR1 $283

$204 TMCR $205 $284 7 sMAR1 $285

$206 $207 $286 SMAR1 $287

$208 $209 $288 /) DMARI $289

$20A $20B $28A DMAR!1 $288

$20C TCTR $20D $28C 7\ OPCR $28D

$20E $20F $28E CHSR $28F

$290 CHCRO $291

$292 DTCRO $293

$294 7 SMARO $295

$296 SMAROQ $297

$298 /] DMARO $299

$29A DMARO $298

$29C $29D

$29E $29F
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9.2 Register map (2)
O Address decoder

Offset Data bus Upper bytes : 15 - 8 (even-numbered addresses)
Symbol Name address Lower bytes : 7-0 (odd-numbered addresses)
157 | 1a | 135 | 12a | 1z [ 102 | an | s
T T T
AMAR Memory Address $001 A2 A2 A2 | e s
Register g g : g g : g
0 0 : 0 : 0 : 0 : 0 : 1 : 0
RAW R RIW
ATOR Time Out $00D IEEEEEE:
Register - 1 ! 1
0 0 : 0 0 1 0 : 0 0
For BERR generation R : RIW
ARELR Relocaton $00E A3 0 A2 A21 A | Al9 T A8 AI7 A6
Register : g : : : : :
1 : 1 : 1 1 : 1 1 : 1 : 1
R/W
$00F A15 I Al4 I A13 I A12 l Al1l I A10
1 1 1 1
1 : 1 : 1 : 1 : 1 : 1 0 0
For internal registers RIW R
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QO Interrupt controller (1)

Offset Data bus Upper bytes : 15 - 8 (even-numbered addresses)
Symbol Name address Lower bytes: 7-0 (odd-numbered addresses)
157 | s | 1s | aza | v | o2 | e | s
T T
ICRO Interrupt Control $081 | \Y R/F L/E | Level
Register 0 : ; ! : :
. o : 0 0 0 0 1 N
For external interrupt : : :
(INTO) R R/W
ICR1 Interrupt Control $083 | vV o ORF O LE | Level
Register 1 : ; g : :
. 0 : 0 0 : 0 : 0 : 1 : 1
For external interrupt : : :
(INT1) R R/W
ICR2 Interrupt Control $085 | Vv  RF LE | Level
Register 2 : ! g : :
. 0 : 0 0 : 0 : 0 : 1 : 1
For external interrupt : : :
(INT2) R R/W
T T
ICR3 Interrupt Control $087 | \Y R/F L/E | Level
Register 3 : ! 5 : :
) 0 : 0 0 : 0 : 0 : 1 : 1
For external interrupt : : :
(INT3) R R/W
ICR4 Interrupt Control $089 | Level
Register 4 : :
. 0 0 0 0 0 1 P
For serial ch0 : :
R : RIW
ICR5 Interrupt Control $08B | Level
Register 5 : :
) 0 0 0 0 0 1 O
For serial ch1 § :
R g RIW
ICR6 Interrupt Control $08D | Level
Register 6 : :
. 0 0 0 0 0o 1 N
For timer chO : :
R g RIW
ICR7 Interrupt Control $08F | Level
Register 7 : :
0 0 0 0 0 1 P
For DMAC ch0 § :
R g RW
ICR8 Interrupt Control $091 | Level
Register 8 : :
0 0 0 0 0 1 O
For DMAC ch1 :
R R/W

305-73




TOSHIBA

TMP68305

O Interrupt controller (2)

Offset Data bus Upper bytes : 15 - 8 (even-numbered addresses)
Symbol Name address Lower bytes: 7-0 (odd-numbered addresses)
157 | 1as | 1ys | 1z | v | o2 | e | s
IMR Interrupt Mask $094 | D1 : Do | | T0
Register 0 0 1 1 0 0 0 1
R : RIW R ©RW
$095 | st so | e E2 Bl EO
o i 0 i 1 i1 1 1 N
R
IPR Interrupt Pending $096 : D1 : Do l T0
Register 0 o : 0 0 0 0 0 0
R RAW R P ORW
$097 s1 : 50 | E3 E2 E1 : E0
o i 0o i 0 i 0 0 0 o i 0
R
IISR Interrupt $098 : D1 : Do | T0
In Service o : o0 : 0 : © 0 0 0 0
Register R RAW R R/W
$099 | st s E3 E2 Bl EO
o i o0 0o i o 0 0 o i o0
R
IVNR Interrupt Vector $098 Vector |
Number Register 0 0 0o : 0 0 0 0 0
R/W R
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QO Serial interface (1)

Offset Data bus Upper bytes : 15 - 8 (even-numbered addresses)
Symbol Name address Lower bytes: 7-0 (odd-numbered addresses)
157 | s | 1s | aza | v | o2 | e | s
SMRO Serial Mode $181 RXINTM  ErINTM  PEO PEN | CcL1 CLO TXINTM ST
Register 0 L | 1 1 !
1 : 1 - - : - - 1 -
For ch0 R/W
SCMRO Serial Command $183 ERs | SBRK = RxEN | | meen
Register 0 : :
0 0 0 1 0 0 0 0
For ch0 R RAW R | RW
SBRRO Serial Baudrate $185 | B3 B2 Bl . BO
Register 0 : g
0 0 0 0 i 0 0 0 i 0
For ch0 :
SSRO Serial Status $187 RBRK FE OF | PE | TxE  RRDY  TxRDY
Register 0 : : :
o : o0 0 0o : o0 1 0 I o0
For ch0 R
SDRO Serial Data $189 D7 D6 D5 p4a | b3 D2 DI DO
Register 0 ; : :
For ch0 R/W
SPR Serial Prescaler $18D P7 . P6 P5 Pa | P3 P2 Pl PO
Register ' : '
R/W
SCR Serial Control $18F CKsE | RES INTM
Register ; :
1 : 0 1 0 i 0 0 0 1
R/W R R/W R/W
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QO Serial interface (2)

Data bus Upper bytes : 15 - 8 (even-numbered addresses)
| Offset
Symbol Name address Lower bytes: 7-0 (odd-numbered addresses)
157 | s | 1s | aza | v | o2 | e | s
SMR1 Serial Mode $191 RXINTM EriINTM  PEO  PEN | CL1 . CLO TxINTM ST
Register 1 ! ! ; : ! ! !
L T T S B
For ch1 R/W
SCMR1 Serial Command $193 RTS | ERS | SBRK = RXEN  CTSEN = TxEN
Register 1 : : ; : ! ! !
o : o0 : o0 ¢ 1 f 0 { O { 0 I O
For ch1 R RIW
SBRR1 Serial Baudrate $195 | B3 B2 Bl  BO
Register 1 - - - : ' ' !
0 0 0 0 0 0 : 0 0
For ch1 R R/W
SSR1 Serial Status $197 PBRK ~ FE  OF | PE  TxE  RxRDY TxRDY
Register 1 1 1 L | L 1 1
0 0 0 : 0 0 : 1 0 0
For ch1 R
SDRI Serial Data $199 D7 D6 D5 D4 | D3I D2 DI . DO
Register 1 L ' L : 1 | 1
For ch1 R/W
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O Timer
Offset Data bus Upper bytes : 15 - 8 (even-numbered addresses)
Symbol Name address Lower bytes : 7-0 (odd-numbered addresses)
157 | 1a | 135 | 12a | 1z [ 102 | e | s
T T
TCR Timer Control $200 | P4 . P3 | P2 . P1 |
Register o i 0 { 0o 0 i 0 : 0 i 0 i 0
R RIW : R
T 1
$201 N/t | | | | | NT G5 TS
0 0 ' 0 0 110
RW R _ RIW
TMCR Timer MAX Count $204 M15 I M14 I M13 I M12 | M11 I M10 I M9 I V8
1 1 1 1 1 1
Register 1 i 0 f 0 I 0 i 0 i 0 i 0 i 0
R/W
$205 M7 0 M6 | M5 | M4 | M3 M2 M1 MO
1 1 1 1 1 1
0 0 P00 0 0 0 P00 0
R/W
1 1 T 1 T 1
TCTR Timer Count $20C cis cia a3 a2 [ cnoco @ c8
Register S R
R
T T T T T T
$20D 7 6 G | a3 @  d
R
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O DMA controller (1)

Offset Data bus Upper bytes : 15 - 8 (even-numbered addresses)
Symbol Name address Lower bytes : 7-0 (odd-numbered addresses)
157 | 1a | 135 | 12a | 1z [ 102 | e | s
CHCR1 Channel Control $280 AM1 ' RDY1 MACD1 MACS1| DPW1 = OPW! = DST1 . ERC]
Register 1 o : o0 : o0 : 0 { O : 0 { 0 : 0
RIW
$281 DSSH1 | TDIR11  TDIR10 TMOD11[TMOD10, RSS! . DMAET ~INTE]
o i 0o 0o i 0o 0o 0o i 0 I o0
For ch1 RIW
DTCR] Data Transfer $282 DTIS = DT14  DTI3 | DT12 | DT11 . DTI0  DT9 = D8
Count - - - - - H— R -
Register 1 RAW
; . : . : ;
$283 bT7_, DT6 D15 D™ | br3_, D12 oT1 | DTO
For ch1 RIW
SMAR1 Source Memory $285 SA23 | SA22  SA21 | SA20 | SA19 | SAI8  SAI7  SAI6
Address o -
Register1 RIW
$286 SAI5  SA14  SAI3 | SA12 | SAT1 | SAI0  SA9  SAB
RIW
$287 SA7 | SA6 . SAS  SA4 | SA3  SA2 = SA1  SAO
For ch1 - : - : - : - : - : - : - : -
RAW
DMAR1 Distination $289 DA23  DA22 . DA21  DA20 | DA19  DAI8 ' DA17 = DAI6
Memory Address T T -
Register 1 RIW
$28A DA1S ' DA14 DA13  DA12 | DAIl ' DAI0 = DA9  DAS
RAW
$288 DA7 ~ DA6  DAS = DA4 | DA3 | DA2 = DA . DAO
For ch1 B : B . B : B : B : B : B : B
RIW
OPCR Operation Control $28D l RWE : FC2 :DMAE: INTE
Register 0 0 0 0 0 0 0 0
R : RAW
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O DMA controller (2)

Offset Data bus Upper bytes : 15 - 8 (even-numbered addresses)
Symbol Name address Lower bytes : 7-0 (odd-numbered addresses)
157 | 1a | 135 | 12a | 1z [ 102 | e | s
CHSR Channel Status $28E BERW | | o erreD11|ERRCD10 ERRCDOT ERRCDOO]
Register o ¢ o0 :{ 0 ¢ 0 ¢ 0 { 0 : 0 i 0
$28F ERR1  ERRO | | ReQt | REQO | opct | opco
o i o i o i o i o i o i 0o i o0
RAW PR RAW PR RAW
CHCRO Channel Control $290 AMO | RDYO MACDO MACSO| DPWO =~ OPWO = DST1 . ERCO
Register 0 o ¢ o0 :{ 0 { 0 { 0 { 0 { 0 i 0
RAW
$291 DSSHO  TDIRO1 ' TDIROD TMODO1[TMODO0, RSSO | DMAEO  INTEO
o i 0 i 0 i 0 i 0 i 0 i 0 i 0
For ch0 R/W
DTCRO Data Transfer $292 DT15  DTI4 ~DT13  DT12 | DTI1  DTI0 DT = DT8
Count - : - : _ : _ : _ : _ : _ : _
Register 0 RIW
$293 DI7 ~ DT6é DTS D74 | DI3 . DT2 DT DIO
For ch0 R/W
SMARO Source Memory $295 SA23  SA22 | SA21 _ SA20 | SA19 . SAI8  SAI7 = SAI6
Address T T A
Register0 RAW
$296 SAIS | SA14 | SAI3 | SA12 | SAI1  SAI0  SA9 . SAS
RIW
$297 SA7 | SA6 . SAS  SA4 | SA3  SA2  SAl . SAO
For ch0 B : B 7 . . F o= -
RAW
DMARO Distination $299 DA23  DA22 . DA21 DA20 | DA19  DAI8  DA17 DAI6
Memory Address B T S S S S
Register0 RAW
$29A DAI5  DAI4 = DA13 DAI2 | DA11  DAIO = DA9 = DAS
RIW
$298 DA7 = DA6  DAS = DA4 | DA3  DA2 = DAl . DAO
For ch0 - i S R i
RAW
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Chapter 10  Electrical Characteristics

This section describes the electrical characteristics and timings of TMP68305.

10.1 Maximum Ratings

Table 10.1
Rating While this device includes input
Parameter symbol Unit protection circuits against high-
TMP68305 voltage static electricity or damage
from electric fields, avoid using a
Power supply voltage Ve -0.3~+6.5 v voltage higher than the maximum
, rating. Connect input pins not in use
Input voltage Vin -0.3~+6.5 Vv
prreree to GND or VCC.
Operating temperature Ta 0~ +70 °C
Storage temperature Tstg -55~+ 150 °C

251194
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10.2 DC Characteristics

Table 10.2
(Vcc=5.0VE5%, GND=0V, Ta=0to 70 °C)
Parameter Symbol Min Max Unit
High-level input voltage Except x 2, DREQO, and DREQ1 ViH 2.0 Vee \Y
X2 0.7Vcc Vee
DREQO, DREQT 2.2 Vee
Low-level input voltage Except x2 ViL GND-0.3 0.8 \
x2 —-03 0.3Vee
Input leakage current (5.25V) Iin PA
BERR, BCLK, BR, EBG, BGACK - 25
DTACK, - 2.5
HALT, RESET, NOR/EMU, - 20
INTO to INT3, RxDO, RxD1, - 20
DREQO, DREQ1, CTS1 - 20
DONE, x 2, RDY - 20
Tri-state (off state) (2.4v/0.4V) Its pA
input current AS, A1to A23,D0to D15,FCO to - 20
FC2,UDS, LDS, R/W - 20
- 20
High-level output voltage (IOH = —4004A) VoH \
AS, A1toA23,D0to D15, BG, Vee—0.75 -
FCO to FC2, UDS, LDS, R/ W, Vee—0.75 -
€S0 to CS3, RTS1, IACKO to IACK3 Vee—0.75 -
TxDO, TxD1, CLKOUT, Vee—0.75 -
EIPLO to EIPL2, DACKOQ, DACK1 Vee—=0.75 -
DTC, OWN Vee—0.75 -
Low-level output voltage VoL Vv
(IOL=1.6mA) HALT, RESET - 0.5
(IOL=3.2mA) A1to A23,BG, FCOto FC2 - 0.5
(IOL=5.3mA) AS, DOto D15, UDS, LDS, R/ W, - 0.5
€S0 to CS3, RTST, DTACK, BERR, - 0.5
IACKO to IACK3, TxDO, TxD1, - 0.5
CLKOUT, BR, BGACK - 0.5
(IOL=8.9mA) DONE - 0.5
Current consumption I mA
f=16.67 MHz - 100
Power consumption Po w
f=16.67 MIHz - 0.525
Input capacitance Cin pF
(Vin=0V, Ta=25 C: Frequency = 1 MHz) - 20.0
Load capacitance CL pF
HALT - 70
Others - 130
251194
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10.3 AC Electrical Characteristics

10.3.1 Details of AC Electrical Characteristics

tVpp x0.7
CLKOUT / N Voo x0.2
Relationship between valid 2.0 2.0V {valid
outputand CLKOUT (1) outputn 0.8V |outputn +1
A
—| B |-
Relationship between Valid 2.0V \ 2.0V valid
outputand CLKOUT (2) outputn 0.8V 4 0.8V outputn+1
l«<— C —>|«— D —>
Relationship between 2.4V —> 2.0V Valid 2.0V >@
outputand CLKOUT (3) 0.5V — 0.8V_output 0.8V
«— C —>|— D —>

Relationship between 70V vala 2.0V 24y
output and CLKOUT (4) 0.8V output 0.8V
~<0.5v

Relationship between 2.0V
signals (5) ® 0.8V

2.0V
® x 0.8V

Relationship between

a6 |
signals (6) © (HIGH 2)

: Maximum output delay
Minimum output hold time
Minimum input setup time
: Minimum input hold time
Signal (A) valid - signal (B) valid time 251194
Signal (A) valid - signal (B) invalid time

O " m g N w >

: Signal (A) valid - signal (C) high impedance time

(Note) CLKOUT is based on the waveform when load capacitance is 100pF.

Figure 10.1
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10.3.2 AC Electrical Characteristics - Clock Timings

Table 10.3
(VCC=5.0V+5%, GND=0V, Ta=0to70°C; See Figure 10.2.)
16.67 MHz
Parameter Symbol Unit
Min. Max.
Operating frequency f 8.0 16.67 MHz
Cycle time teyc 60 125 ns
CLKOUT pulse width tCL 25 62.5 ns
tCH 25 62.5
Rise and fall times tCr - 10 ns
tCf - 10
251194
tecyc
tCL tCH
tCf

\_

281189

Note : Unless otherwise specified, timings are measured between a low voltage of VDD x0.2V and a
high voltage of VDD x 0.7V. The voltage swing through this range should start outside and pass

through the range such that the rise or fall will be linear between 0.8V and 2.0V.

Figure 10.2 CLKOUT Output Timing
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10.3.3 AC Electrical Characteristics - Read and Write Timings (1/4)

Table 10.4
(VCC=5.0V+5%, GND=0V, Ta=01t070°C; See figures 10.3 and 10.4.)

16.67 MHz
Number Parameter Symbol Unit
Min. | Max.
1 CLKOUT cycle tCYC 60 125 ns
2 CLKOUT width low tCL 25 62.5 ns
3 CLKOUT width high tCH 25 62.5 ns
4 CLKOUT fall time tCf - 10 ns
5 CLKOUT rise time tCr - 10 ns
6 CLKOUT low to address valid tCLAV - 50 ns
6A CLKOUT high to FC valid tCHFCV - 45 ns
2 CLKO.UT.h|gh to addres.s, data tCHADZ _ 50 ns
bus high impedance (maximum)
8 .CLK(.DUT .hllgh to address, FC CHAFI 0 _ ns
invalid (minimum)
91 CLKOUT high to AS, DS low tCHSL 3 40 ns
Address valid to AS, DS low
112 (read)/Address valid to AS low tAVSL 15 - ns
(write)
F li AS, DS | F
11A2 C .va |dB S, S. ow (read)/FC FCVSL 30 B ns
valid to AS low (write)
121 CLKOUT low to AS, DS high tCLSH 3 40 ns
132 | AS, DS high to address/FC invalid tSHAFI 10 _ ns
142 A.S, DS wmlth low (read)/AS L 120 _ ns
width low (write)
14A2 | DS width low (write) tDSL 60 - ns
152 AS, DS width high tSH 60 - ns
251194
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AC Electrical Characteristics - Read and Write Timings (2/4)

(Vec=5.0V+5%, GND=0V, Ta=01to 70 °C; See figures 10.3 and 10.4)

16.67 MHz
Number Parameter Symbol Unit
Min. | Max.
16 C.LKO.UT high to control bus tCHCZ _ 50 ns
high impedance
172 | AS, DS high to RAW high (read) tSHRH 10 - ns
181 CLKOUT high to RAW high tCHRH 0 40 ns
201 CLKOUT to RAW low (write) tCHRL 0 40 ns
20A2.6 | AS low to RW valid (write) tASRV - 10 ns
212 Addre.ss valld_to R/W Io\./v (write), tAVRL 0 _ ns
FC valid to R/W low (write)
21A2 | FCvalid to R/W low (write) tFCVRL 20 - ns
222 R/W low to DS low (write) tRLSL 20 - ns
23 CLK.OUTIowto data out valid +CLDO _ 50 ns
(write)
252 AS,.DS high to data out invalid SHDOI 15 B ns
(write)
262 Data out valid to DS low (write) tDOSL 15 - ns
275 D.ata in to CLKOUT low (setup DICL 7 _ ns
time on read)
282 | AS, DS high to DTACK high tSHDAH 0 110 ns
29 AS, DS.negate to data invalid SHDII 0 _ ns
(hold time on read)
251194
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AC Electrical Characteristics - Read and Write Cycles (3/4)

(Vcc=5.0Vt5%, GND=0V, Ta=0to 70 °C; See figures 10.3 and 10.4.)

16.67 MHz
Number Parameter Symbol Unit
Min. | Max.
30 AS, DS high to BERR high tSHBEH 0 - ns
3125 DTACK low setup time (input {DALDI _ 40 ns
data)
32 HALT and RESET input transition tRHr, f 0 150 ns
33 CLKOUT high to BG low tCHGL - 40 ns
34 CLKOUT high to BG high tCHGH - 40 ns
__ _ Clk.
35 BR low to BG low tBRLGL 1.5 3.5 P
er.
— — Clk.
367 BR high to BG high tBRHGH 1.5 35 b
er.
. Clk.
37 BGACK low to BG high tGALGH 1.5 35 p
er.
. 1.5
37A8 | BGACK low to BR high tGALBRH 10 ns
Clocks
38 BG Iov.v to.control, addfss,. data GLZ _ 50 ns
bus, high impedance (AS high)
39 [BGwidth high tGH 1.5 - Clk.
Per.
251194
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AC Electrical Characteristics - Read and Write Cycles (4/4)

Notes:

(Vcc=5.0Vt5%, GND=0V, Ta=0to 70 °C; See figures 10.3 and 10.4.)

16.67 VMIHz
Number Parameter Symbol Unit
Min. | Max.
e Clk.
46 BGACK width low tGAL 1.5 -
Per.
475 Asynchronous input setup time tASI 10 - ns
4823 BERR low to DTACK low tBELDAL 10 - ns
53 CLKOUT high to data out invalid tCHDOI 0 - ns
55 R/W low to data bus drive tRLDBD 0 - ns
__ . Clk.
564 HALT/RESET pulse width tHRPW 10 - P
er.
. T Clk.
57 BGACK high to AS, DS, R/W drive tGASD 1.5 - P
er.
= . Clk.
587 BR high to control bus drive tGHSD 1.5 - p
er.
251194

. For a loading capacitance of less than or equal to 50 pF, subtract 5 ns from the value

given in the maximum columns,

. Actual value depends on CLKOUT cycle.
. If #47 is satisfied for both DTACK and BERR, #48 may be 0 nanoseconds.
. At power on, hold reset status for 1 to 100 us to stabilize MPU circuits. See #56 for the

minimum reset times following power on.

. If the asynchronous setup time (#47) requirements are satisfied, the DTACK low-to-

data setup time (#31) requirement can be ignored. The data must only satisfy the data-
in to CLKOUT-low setup time (#27) requirement for the following cycle.

. When AS and R/W are equally loaded (+ 20%), subtract 5 ns from the tASRV maximum

value.

. The processor will negate BG and begin driving the bus again if external arbitration

logic negates BR before asserting BGACK.

. To guarantee proper operation, the minimum value must be met. If the maximum

value is exceeded, BG may be reasserted.
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251194
Notes:

1. Asynchronous input BGACK is detected at the CLKOUT"s falling edge.

2.
3.

It is necessary to assert at this timing only if BR is recognized at the end of this bus cycle.
Unless otherwise specified, timings are measured between a low voltage of 0.8V and a high

voltage of 2.0V. The voltage swing through this range should start outside and pass through
the range such that the rise or fall will be linear between 0.8 Vand 2.0 V.

Figure 10.3 Read Cycle Timing

305-88



TOSHIBA TMP68305
S0 1 $2  S3 sS4 S5  S6 7 @y
ckout _f N~ A XN £ N /TN F ~ £
A 0
FCO~FC2
®— ®
A1~A23 <
O , ®—
s 0o e
® il @@: ——®
[DS/UDS £ {12 Q_, 508 & 148 .
> 1) QO ®—
RIW __ | f \ /
21A —~—@) ® |
DTACK > < \ }
@ ** p 4—@
®—> | @—> «— —> @ @
Outputdata b
B —: <— —> <—
it o N f
@ et
HALT / RESET X @1 7
—||——(4'
Asynchronous X 0
inputs
(Note 1)
251194
Notes:

1. Unless otherwise specified, timings are measured between a low voltage of 0.8V and a high voltage
of 2.0V. The voltage swing through this range should start outside and pass through the range such
that the rise or fall will be linear between 0.8V and 2.0V.

2. Because of loading variations, R/W may become valid after AS even though both are asserted at the
rising edge of S2 (#20A).

Figure 10.4 Write Cycle Timing
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10.3.4 ACElectrical Characteristics - Bus Arbitration (1/2)
Table 10.5
(VCC=5.0V+5%, GND=0V, Ta=0to 70°C; See figures 10.5-7)

16.67 MIHz
Number Parameter Symbol Unit
Min. | Max.
7 CLKO.UT.h|gh to address, data tCHADZ B 50 ns
bus high impedance
16 .CLKOUT high to control bus high tCHCZ _ 50 ns
impedance
33 CLKOUT high to BG low tCHGL - 40 ns
34 [ CLKOUT high to BG high tCHGH - 40 ns
_ — Clk.
35 BR low to BG low tBRLGL 1.5 35
Per.
— — Clk.
361 BR high to BG high tBKHGH 1.5 3.5 b
er.
. Clk.
37 BGACK low to BG high tGALGH 1.5 3.5 p
er.
. 1.5
37A2 BGACK low to BR high tGALBRH 10 ns
Clocks
38 BG Io.w t.o control, aﬁre.ss, data GLZ _ 50 ns
bus high impedance (AS high)
39 BG width high tGH 1.5 - Clk.
Per.
—_—— . Clk.
46 BGACK width low tGAL 1.5 -
Per.
47 Asynchronous input setup time tASI 10 - ns
. . Clk.
57 BGACK high to control bus drive tGABD 1.5 - N
er.
=— . . Clk.
581 BG high to control bus drive tGHBD 1.5 - p
er.
251194
Notes :

1. The processor will negate BG and begin driving the bus again
if external arbitration logic negates BR before asserting

BGACK.

2.To guarantee proper operation, the minimum value must be

met. If the maximum value is exceeded, BG may be

reasserted.
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AC Electrical Characteristics - Bus Arbitration (2/2)

(VCC=5.0V+5%, GND=0V, Ta=0to 70 °C; See figures 10.5to 7)

16.67 MIHz
Number Parameter Symbol Unit
Min. | Max.
110 DREQ setup time (CLKOUT high) tCHDRL 15 - ns
111 DREQ hold time (CLKOUT high) tCHDRH 30 - ns
112 BGACK low to DREQ high tBLDRH 20 - ns
1139 | CLKOUT to BR low tCBRL - 30 ns
114 Control bus invalid to BGACK low | tASZBL 1.0 2.0 Clk.
115 CLKOUT high to BGACK low tCHBL - 35 ns
116 .CLKOUT high to BGACK high CHBZ _ 35 ns
impedance
133 BGACK high impedance to BG {BGZGL _ 30 ns
low
251194

9. The second and subsequent cycle steal transfers start at

CLKOUT high; otherwise, CLKOUT low.
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10.3.5 AC Electrical Characteristics - Peripherals

Table 10.6
(VCC=5.0x5%, GND =0V, Ta=0to 70°C; See figures 10.8t0 10.17)
16.67 MHz
Number Parameter Symbol Unit
Min. | Max.
a7 Asynchronous input setup time tASI 10 - ns
101 CLKOUT to CS, IACK tCDS - 50 ns
103 BCLK cycle tBCYC 125 — ns
104 BCLK width low tBCL 55 - ns
105 BCLK width high tBCH 55 - ns
106 BCLK rise time tBCr - 10 ns
107 BCLK fall time tBCf - 10 ns
117 | BGACK low to address valid tBLAV - 60 ns
118 | BGACK high impedance to address FC invalid tBZAZ 0 60 ns
119 | BGACK low to AS drive tBLASV - 40 ns
120 | BGACK high impedance to AS high impedance tBZASZ - 50 ns
121 CLKOUT high to AS, DS, R/'W low tCHASL - 50 ns
122 | CLKOUT high to DACK high tCHDAH - 50 ns
123 | CLKOUT high to DACK low tCHDAL 0 50 ns
124 DACK high to DONE high tCHDOH - 30 ns
125 | DACK low to DONE low tCLDOL - 30 ns
126 CLKOUT high to DTC high tCHDTH - 30 ns
127 | CLKOUT high to DTC low tCHDTL - 45 ns
128 | DONE input setup time (AS low) tASLDOL 20 — ns
129 | DONE input width tDOW 1.5 - Clk.
130 OWN low to BGACK low tOLBL 20 - ns
131 | BGACK low to FCvalid tBLFV - 25 ns
132 | BGACK high impedance to OWN high tBZOH 20 - ns
134 | DTC high to DACK high tDTHDAH 0 - ns
135 | RDY low to DS low (on write) tRLDL 100 - ns
136 [ DTCwidth low tDTW 35 - ns
137 DTACK input setup time (DMA cycle) tDDAL 20 — ns

251194
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CHIP SELECT/IACK
S0 S1 S2 3 54 S5 S6

S7
Y W o W2 W, W/

Cs0,C51
CS2,CS3
IACKO ©
IACK1 0
-

IACK2
IACK3
251194
Figure 10.8 CS,1ACK Timing
INTO, 1,2,3
CLKOUT 4/_\ / \
INTq
251194
Figure 10.9 Interrupt Request Timing
BCLK
251194

Figure 10.10 Baud Rate Clock Timing
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OWN
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Figure 10.11 Single Address Mode (without RDY, on read)

251194
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avkout _ /N S S S S S
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A1-A23 »— >—
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UDS/DS — \ A
RAV ~ \ Y g S—
DTACK j ]\‘
@ -~ |
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\ /
o1e N e
e \ an
OWN  \ /-
o \ /
DO-D15 < >

251194

Figure 10.12 Single Address Mode (without RDY, on write)
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Figure 10.13 Single Address Mode (with RDY, on read)
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Chapter 11

Development Environment

11.1 Emulation mode
To put TMP68305 in emulation mode (henceforth, EMU mode), set the NOR/EMU pin to low. In EMU
mode, the TMP68305 CPU is completely disconnected and only peripheral devices are active. In EMU
mode, the emulator controls the peripheral devices.

11.1.1
(1)
(2

3)

(4)

j

NOR/EMU NOR/EMU
CPU
— CPU
emulator) [N—]
Peripheral Peripheral
devices devices
Emulation mode Normal mode

Pin Functions
NOR/EMU

EIPLO~2

=
o]
(o]

TMO, TM1

Figure 11.1 Outline of Normal and Emulation Modes

Fixed to low in EMU mode. Fixed to high in normal mode.

In EMU mode, EIPLO to IPL2 are interrupt request (IPL) signals output from the
TMP68305 internal peripheral circuits to the emulator. In normal mode, these
signals are input signals. As they have no significance, fix EIPLO, EIPL1to low
level and EIPL2 in Open. (See *1 in the figure)

In EMU mode, this pin receives BG signals from the emulator. If there is an
external bus master, connect the signal output from the TMP68305 BG pin to the
external bus master.

As these signals have no significance in normal mode, fix to high level. (See *1 in
the figures)

As these pins are not significant in either normal or EMU mode, make Open.
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11.2 Connecting to General-Purpose 68000 Emulator
In principle, TMP68305 emulation can be performed using any commercially available general-purpose
68000 emulator. Note, however, the following points :

@h)

(2)

3)

(4)

As TMP68305F does not have E, VPA, and VMA signals for controlling 8-bit peripheral devices, the
VPA input to the emulator must be pulled-up.

The 68000 interrupt vector automatic generation function cannot be used because TMP68305 does
not have a VPA signal. However, TMP68305F has an equivalent function in its internal interrupt
controller. For interrupt requests from external devices, use the interrupt input pins INTO to INT3
connected to the interrupt controller instead of IPL.

The DTACK and BERR signals are open drain outputs in -EMU mode. Therefore, the DTACK and
BERR signals generated on the target board must also be open drain outputs and pull-up resistors
must be provided. At *2 in the figures, high resistance can result in slow rise times and cause
operational problems. Therefore, use resistances of about 1 kQ.

The following problems can occur due to a slow rise time for the AS signal cutput from the general-

purpose 68000 emulator.

- If another interrupt occurs while an interrupt is pending, the pending bit is cleared and
subsequent interrupts are not accepted.

- Ifthe AS signal setup time (*1 in Figure 11.4) does not satisfy the specification, the operation of
the DTACK automatic generation function may be impaired and DTACK may not be asserted.
(If DTACK is not asserted, the bus cycle does not complete and a bus error is generated.) (Figure
11.4)

For some 68000 emulators, the AS signal is always too slow. This problem can be solved, for example,
by changing the relative phases of the clock externally input from the X2 pin to the emulator and to
68305, as shown in Figure 11.5.
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TARGET BOARD
Peripheral circuit signal
o_ ChAll j_
:I_'__J> X1 NOR/EMU
? ﬁXZ *1 C
EBG 1% o
TMP68305 _O—
open j NCO EPLO O [ 2
open —INC1 EPL1 o~ O e
v e EPL2 o o ¢
~ BG 777 t
v o
Address Bus (A1~A23, FCO~FC2) r
Data Bus (DO~D15)
2 Control Bus (AS, UDS, LDS, R/W)
% BR, BGACK, RESET, HALT, CLK
< DTACK
BERR
Figure 11.2 Wiring in Normal Mode
TARGET BOARD
Peripheral circuit signal
D o—X1 NOR/EMU
=
T.9 I—xz *1 C o
TMP68305  EBG o8 — ° BG
open —INCO EIPLO O—O ; n IPLO
open —NC1 EIPL1 o—O e IPL1
v == EPL2 o—o0 N IPL2 I[E_
~ BG EIPL2 - 1
i ° VPA
Address Bus (A1~A23, FCO~FC2) E |- open
Data Bus (DO~D15) VMA |~ open
«2 Control Bus (AS, UDS, LDS, R/W)
% BR, BGACK, RESET, HALT, CLK
< DTACK
BERR
68000
Emulator

Figure 11.3 Connection to Emulator in EMU Mode
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SO S2 S4 S6
CLK /—\_/—\_/—\_/—\_/—
AS
— le—
Setup time(*1) = 30 ns (typ)
Figure 11.4 AS Signal Setup Time during Emulation
CLK
0sC To 68000 emulator
Delay line
Xns To TMP68305

Figure 11.5 Clock Adjustments for Emulation
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