TOSHIBA TMP68301A

Part 2

1.

TMP68301AF-12/ TMP68301AF-16
TMP68301AFR-12/ TMP68301AFR-16

Introduction

TMP68301A uses the 6BHC000, the CMOS version of the 68000, as its core processor. It also includes
peripheral circuits such as a serial interface, parallel interface, timer, interrupt controller, and address
decoder.

In addition, TMP68301A can directly use 68000 development environments and software resources.

Core processor 68HC000

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

16M-byte direct addressing

56 powerful basic instructions

14 addressing modes

3-channel asynchronous serial interface

16-bit parallel /O interface (supports a Centronics interface)

3-channel, 16-bit timer/counter

10-channel interrupt controller (3 external channels, 7 internal channels; can be extended by
software to 10 external channels)

2-channel chip-select signal output (CS0, CS1)

Automatic wait state insertion

Bus monitor function

Low power consumption (CMOS)

2 types of package: 100-pin QFP and 100-pin RFP

TMP68301A has two operating modes: normal operating mode, and emulation mode that enables use of
an in-circuit emulator (ICE), a 68000 development tool. 0In emulation mode, the 68HCO000 core built into
TMP68301A is disconnected from the bus, and the internal peripheral circuits are controlled by address,
data, and control signals from the development tool.

The 68HCO000 core built into TMP68301A is the same as the standard TMP68HC000, except that 8-bit
peripheral device control signals E, VPA, and VMA are disabled. For 68HCO000 operation and
instructions, refer to your TLCS-68000 Data Book.

Figure 1.1 is the TMP68301A block diagram.
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2. Signhal 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” is used to show that signals are active or
true, irrespective of whether the signal is electrically high or low. “Negate” is used to show 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 Assignements (top view) (1/2)
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Figure 2.1 Pin Assignments (top view) (2/2)
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Address bus
Processor status
Data bus

Bus control

System control

Bus arbitration
control

AL

iO15/DTRO
— RTS
[€4— RxDO to RxD2
—— TxDO0 to TxD2
i ¢— RCI K

|21 N

—— TOUT1, TOUT2
[e— TIN

» CS0to CST
[¢—— NOR/EMU
[—— INTO to INT2

— JACKO to IACK2

TMP68301A

100to 7/ DATA1t0 8 —I

1INQ /NETR 1INQ/DRIICY
IVO/ WIoID,1IVI/DUJI

1010/ ACK, 1011/ PRIME | Parallel I/F
N—V i012/FAULT
1013/ CTS0, 1014/ DSRO |

-

_’ Serial I/F

Timer

L

Address decoder

J—

Interrupt
controller

Figure 2.2 Normal Mode Input/Output Signals When Configured as Bus Master

100to 7/DATA110 8

108/ DSTB, 109/BUSY
Address bus AltoA23 —» 4 L \ 1010/ACK, I011/PRIME | Parallel I/F
Demrncemw cdadiie —— - ~ 1AA ICALILT
FiOCESSOr Status FCOto FCZ2 — ¥ \ — / U147/ FrAULI
Data bus DOto 15 —» 1013/CTS0, 1014/ DSRO
25 i015/DTRO - _
Bus control UDS, LDS ‘ Fonb
R/IW —¥| < RxDO to RxD2 Serial VE
DTACK ¢—P> TMP68301A —» TxDOto TxD2
BERR —— < BCLK |
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RESET —P [ e—TIN _I imer
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CLK ——— » IACKOtoIACKZ  _| controller
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,

0O.D: Opendrainoutput, O: Output, |I: Input, I/O: Input/output
Pin status .
Signal name Function
NOR EMU

Al1toA23 (o} | 23-bit address bus can directly access 16M bytes of memory.

FCOto FC2 (0] I These signals show the status of the processor and the current cycle type. For
details, see Table 2.2

DOto D15 e} e} 16-bit general-purpose data bus.

AS 0 ! This signal indicates that there is 2 valid address on the address bus

RAW o I This signal indicates whether the data transfer is read (high) or write (low).

UDS/LDS (o} | 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 | (o} This signal is wire-ORed with all other devices that could become bus masters.

(IPLO) The signal indicates that another device is requesting bus mastership. In
emulation mode, this signal becomes the IPLO output. The IPL signal codes
the priority level of a device requesting the interrupt.

BG (0] (o} This signal indicates to devices that could become bus masters that the

(iPL1) processor will release control of the bus at the end of the current bus cycle. In
emulation mode, the signal becomes the IPL1 output.

BGACK | (o} This signal indicates that another device has become the bus master. In

(iPL2) emuiation mode, the signal becomes the IPL2 output.

BERR i O.D This signai reporis to the processor that there is a probiem in the current
cycle.

RESET 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 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.

CLK | | Clock input pin.

INTO, INT1, | | External interrupt request input.

INT2

IACKO, IACK1 (0] o} These signals indicate the interrupt acknowledge cycles corresponding to

IACK2 INTO, INT1, and INT2.

NOR/EMU | | Normal mode/emulation mode switch signal.
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NOR: Normal mode, EMU: Emulation mode,

O: Output, |: Input, I/O: Input/output
Pin status
Signal name Function
NOR EMU
RxDO/[INT3] | | Serial interface data inputs. These signals also act as interrupt inputs
RxD1/[INT4] according to the expansion interrupt register.
RxD2/[INT5]
TxDO0, TxD1, TxD2 (¢] o} Serial interface data output.
BCLK | | Reference clock input for generating the serial interface baud rate.
RTSO (o] o} RTS signal for serial interface channel 0.
TIN | | Signal input to each timer channel. This signal also acts as an interrupt input
[INT7] according to the expansion interrupt register.
TOUT1, TOUT2 o} 0 Timer channel 1 and 2 output signals.
100to 107 /0 110 General-purpose /0O ports or data bus for Centronics interface.
/ DATA1 to DATAS8
108/DSTB 110 1’0 General-purpose I/0O port or strobe signal for Centronics interface.
109/BUSY /0 1’10 General-purpose I/0 port or busy signal for Centronics interface.
1010/ ACK /0 110 General-purpose I/0 port or acknowledge signal for Centronics interface.
1011/PRIME /0 I]e] General-purpose I/0 port or prime signal for Centronics interface.
1012/ FAULT /0 110 General-purpose I/0 port or fault signal for Centronics interface. This signal
[INT6] also acts as an interrupt input according to the expansion interrupt register.
1013/CTSO /0 1’0 General-purpose I/0 port or CTS signal for serial interface channel 0.
1014/ DSRO /0 1’0 General-purpose I/0 port or DSR signal for serial interface channel 0. This
[INT8] signal also acts as an interrupt input according to the expansion interrupt
register.
1015/ DTRO le} 1’0 General-purpose /0 port or DTR signal for serial interface channel 0. This
[INT9] signal also acts as an interrupt input according to the expansion interrupt
register
€S0, C51 C C These signals are used to access the memory area set by the address decoder
Vee - - Power input pin (+ 5V)
SND - - GND nin (OV)
ekl IS IRV,
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Table 2.1 Data Bus Control By Data Strobe

ubDsS LDS D8to D15 DOto D7
H H Datainvalid Data invalid
L L Valid data bits Valid data bits
8to 15 Oto7
H L Datainvalid Valid data bits
O0to7
L H Valid data bits Data invalid
81015
L L Vaiid data bits Vaiid data bits
8to 15 Oto7
H L Valid data bits Valid data bits
Oto7* Oto7
L H Valid data bits Valid data bits
8to 15 8to 15%

L : LOW H : HIGH
* 1 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 : If FCO, 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 FCO, FC1, or FC2.
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2.3 Signal Summary
Table 2.3 Signal Summary
. . _ Tri-state| " |\WhenBG RWTTTHI
Signal name Mnemonic Input/output Active state output HALT | asserted [FALT both
- asserted asserted
Address bus A1ltoA23 Out (In) H Y Hi-Z Hi-Z Hi-Z
Data bus DOto D15 O H Y Hi-Z Hi-z Hi-z
Address strobe AS Out (in) L Y H Hi-Z Hi-Z
Read / write RAW Out(in) E 8532) Y H Hi-Z Hi-Z
Upper and lower data strobe UDS, LDS Out (in) L Y H Hi-Z Hi-Z
Data transfer acknowledge DTACK In (Out) L 0.D. - - -
Bus request BR (/TPLO) In (Out) L N - - -
Bus grant BG (/IPLT) Out L N H L H
Bus grant acknowiedge BGACK (/1PL2) in (Out) L N - - -
Bus error BERR In (OQut) L 0.D - - -
Reset RESET In/out L 0.D. 0.D. 0.D. L
Halt HALT Infout L 0.D. L 0.D. L
Function code FCO, FC1, FC2 Out (In) H Y - Hi-Z Hi-Z
Clock CLK In H - - - -
1/0 port 100to 15 Infout H - - - -
Timer output TOUT1, TOUT2 Out H N - - L
Timer input TIN In L - - - -
Request to send RTSO Out L N - - H
Receive data RxDO to 2 In H - - - -
Transmit data TxDO to 2 Out H N - - H
Baud rate clock BCLK In H - - - -
Mode switch NOR/EMU in - - - -
Interrupt request INTO to 2 In H - - - -
Interrupt acknowledge TACKO to 2 Out L N - - H
Chip select CS0, CS1 Out L N - - H
Power input Ve In - - - - -
Ground GND In - - - - -
The parentheses in the input/ output column indicate in emulation mode.
Note: O.D. : Opendrain Hi-Z : Highimpedance — : Optional

In : Input

Out Output H HIGH Y : Yes

In/out: Input/output L LOW N : No
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2.4 PinInput/Output Circuits

Pin

Input/output circuit

Remarks

A1toA23,D0to D15

g

Tri-state output

FCO to FC2, AS, UDS, LDS —
RW — T\ =
ENABLE1 q_~ II
T
|
-lj |_°(\:L— ENABLE2

RESET, HALT, D Sink open drain output
PTACK BERD | IIJ

WIiIAW, DL |-

1 ";7
~

BG

TOUT1, TOUT2 j) Diiche i sl b ok
W rl? Fusr/7pull ouLtput
e s o ,\C | 1

TxDO, TxD1, TxD2 L~ L

IACKO, IACK1, IACK2 I—| é’

Cso, CS1

CLK

TIN

RxDO, RxD1, RxD2 %<]o<]—D

BCLK

INTOQ, INT1, INT2

NOR/EMU
BR, BGACK _'—>_|g

100~107 L —

108~1015 L~ Ll

ENABLE ——U—ILT‘
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3.

3.1

Address Decoder

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. A DTACK signal can be
internally generated to allow the insertion of between 0 and 7 wait cycles in each memory area.

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), inserts the pre-set wait cycle,
and outputs the internal DTACK signal, which is generated automatically, to the core processor.
Depending on circumstances, it may be possible to control the wait cycle inserted using the externally
generated DTACK signal.

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 area 0 (area selected by CS0) |

Memory area 1 (area selected by CS1) 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.

When the vector number is input from an external source, the address decoder can set the number of
wait cycles for a IACK cycle independently of other areas.

Figure 8.1 outlines CSn signal generation.
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Function codes from
68HC000 FC2 | FC1|FCO
(FC2-FCOQ)
Addresses from |A23]A22]A21A20|A191A18|A17|AT6]A15|A14]A13]A12|AT1]A10] A9 | AB | A7 — A1
68HCO000 ||||||||1||I|I||l|lI 1
(A23-A1) A X J
T T T T ! T T T
Memory address |A23,A22,A21,A20,A19,A18,A17 ,A16]
register L
ArV'iARX T T 1 1 T T T
Address mask |a21,A20,A19,A18,A17,A16,A15 A9 , A8 |
register 1 I I ] ] | ~ _
Area control I:I_E_N_D
register
AACRx
Detects non interrupt | Compares Compares unmasked addresses. Masks addresses. Controls CS0/CS1 area
acknowledge cycles. | addresses. control output.

<}_A_Ssignal

\_/
0

CS0/CST output

Figure 3.1 Chip Select Signal Generation

Figure 3.2 shows the output status of area selection signals for overlapping areas.

-\
/

&l

Register area

—

_ —
/

access signal (internal) \ / . T Not
A asserted
Cs0 \ / Not Not
\—I Vennnns . asserted A RN . asserted
CS1 % Not % JNot % . Not
Ve * asserted Vemmnes * asserted Vrmnes * asserted
IACK signal \ /_

Memory area 0 and 1
overlap

All areas overlap
(excluding IACK cycle)

Vel

All areas overlap
(loading an external

vartarin an IACK ~ a)
vELLOT it aii 1IACLKN {ylic)

Figure 3.2 Output Status of Area Selection Signals
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Figure 3.3 shows the relationship between the CSn signal and the AS signal.

SO S1  s2 S6

S3 S5 S7
“_/J S S S S S /S \
5 \ 'Jll\
) 2] K
s \ '/
Figure 3.3 CSSignal and AS Signal Relationship

S4

3.2.1 Memory Area
The memory area register (AMAR) specifies the start address in the memory area. Two areas can be
specified in the 16M-byte address space. Every bus cycle, the address decoder compares the bus address
and the value in the address register. If the values match, the address decoder determines that the
memory area is accessed.
The address mask register determines the size of the memory area. Figure 3.2 shows the relationship
between the size of the area and the value in the address mask register for contiguous address space.

Table 3.2 Relationship Between Memory Area Size and Address Mask Register

Memory Size
Mask Register 256 | 512 | 64K | 128K | 256K | 512K | 1M 2M 4M
For CSO (AAMRO) 00 01 03 07 OF 1F 3F 7F FF
For CST(AAMR1) 00 01 03 07 OF 1F 3F 7F FF

The numeric values in the
Table are hexadecimal.

The address mask register addresses for masking are determined in units of bits. Therefore, depending
on the setting, non-contiguous memory areas can be specified. For example, setting the memory address
register to $00 and the address mask register to $5F specifies two memory areas, $000000 - $07FFFF and
$100000 - $17FFFF.

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 16 M-byte
address space. Figure 3.4 shows actual address generation methods for the registers. The register area after
reset release is allocated to $FFFCO00 - $FFFFFF (last part of address space). (See Figure 3.5.)

|A23,A22,A21,A20,A19,A18,A17, - ,A11,A10] 0 , 0 | 0———————— 0  Relocation register
+ 0 0 [0 7 0 [as as; ————— a1 a0| Peripheral circuit offset
addresses

| | Peripheral circuit actual
addresses

Figure 3.4 Real Register Address Generation
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$000000 — $000000 [Reset : SSP
$000004 lpaget : PC
Exception vector area $000008 |Bus error
$00000C jAddress error
$0003FF —_— $000010 illegal instruction
\\ $000014 |divide by 0
$000018 ICHK instruction
S $00001C |TRAPV instruction
C50 decode area \ $000020 terivilege violation
(Specifies 4M bytes of space) $000024 |Trace
$000028 |Line 1010 emulator
$00002C |Line 1111 emulator
$3FFFFF _ $00003C fUn-initialized vector
\ $000060 |False interrupt
\ $00t%080 TRAP instruction
$0000BF
$000100 |User interrupt vector
L0
$0003FF
$FFFCO0
Address decoder Note : The following shows the areas
$FFFCOF specified by the chip select pins
/ $FEEC80 in their initiai states.
interrupt controller *  CsOpin
/ $FFFCOF $000000 - $3FFFFF
$FFFDO0 (4M-byte memory space)
Parallel interface €50 output enabled
$FFFDOF Internal/external DTACK
/ $FFFD8O supported
/ Serial interface Number of wait cycles
$FFFDAF inserted: 5
$FFFEO0 % CS1pin
$FFFCO0 _ Timer No memory space specified
. $FFFE4F CS1 output disabled
I/0 register
Internal/external DTACK
block supported
$FFFFFF $FFFFFF

Figure 3.5 Memory Map After Reset Release

Number of wait cycles

inserted: 0
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3.3 Automatic DTACK Generation

The address decoder can generate a DTACK signal for each memory area. The register area
automatically generates DTACK to operate the bus with a zero wait. The register area can select whether
DTACK signal generated in an external circuit or that generated in the address decoder is valid, or
whether both are valid for the memory area. When both are valid, the first signal asserted is the DTACK
signal output to the core processor. The address decoder can control the DTACK signal output to the core
processor by inserting 0 to 7 wait cycles. To control the DTACK signal, the address decoder can also insert
wait cycles in the IACK cycle (which loads external exception vectors) the same as for the memory area.
Figure 3.6 illustrates the DTACK signal generation circuit.

The internal peripheral circuit registers of TMP68301A automatically generate the DTACK signal to
enable access with no wait.

T T 1 T
Area control register AACRO I \ I EN , ED , ID | ,Waitl I
For CS0 ,—l | |_| | | |
. T T 1 T
Area control register AACR1 I \ I EN , ED , ID | ,Waitl |
For CS1 |_l l_) |
1 1 1 1
i T T
Area control register AACR2 I \ , I ED , ID | ,Waltl I
For interrupt acknowledge T [ | | |
e b T
Selection circuit (Note) ~ * [ %)35322:
- < <
—_ * |«——< Interrupt
Z o o © acknowledge cycle
woow = = signal
* * *

: External

: : DTACK signal
DTACK signal C—l—/ ( :

inputtothe : :

CPU core : l :

—M—J'_Z}_Gl Lk

v
\_‘_|—‘ Wait generation < { ASsignal

circuit (0 - 7 clocks)

Note: During assertion of signals marked with an asterisk (*), the selection
circuit inputs the set register values to the circuit in the dotted-line box.
During the interrupt acknowledge cycle, *EN is 1.

When internal peripheral circuit registers are accessed, *EN and *ID are
setto 1 and *wait isset to 0.

Figure 3.6 DTACK Signal Generation Circuit
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3.4 Bus Cycle Outline

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 3.7 illustrates the BERR signal generation
circuit. Figure 3.8 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 1 /

input to the—C<_(_

CPU core Q it ~miimtan £ —( DTACK mnnnl (ston trigaer)
o-piLLourier 101 ~ ASdid o4 - Al
timeout —— AS signal (start trigger)
<><} External BERR signal

Figure 3.7 BERR Signal Generation Circuit

SO S1 S2 S3 S6

A NV WA W A WA WA WA WA W

AS \ /

BERR
|32, 64 128 or256 __
clocks

Figure 3.8 BERR Signal
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3.5 Register Configuration
3.5.1 Memory Address register (AMARO, 1)
This register specifies the start address of the memory area. Addresses are specified in upper eight bits,
A23 to A16. The start address of the memory area can be set only within the boundary of the area
determined by the address mask register. For example, if the size of the area is 4M bytes, only bits A23
and A22 of the memory address register are compared with the address, and four start addresses are
available: $000000, $400000, $800000, and $C00000. (If the area is 256 or 512 bytes, the start address
has a 64K-byte boundary because of the relationship with masked addresses.)
After reset, AMARO (for CSO0) is $00, and AMARI1 (for CS1) is undefined.

Offset
address (151413 12 11 10 9 8
$000 |A23 A22 A21 A20|A19 A18 A17 A16]| AmARO
1 1 1 1 1 1 Ifor@\
Reset 0 0 0 0 0 0 0 o0 !
15 14 13 12 11 10 9 8
$004 | A23 A22 A21 A20 [A19 A18 A17 A16| AMARI
i i i i i i (for@)

3.5.2 Address Mask Register (AAMRO, 1)
This register sets the size of the memory area by masking the address output from the core processor.
Addresses A21 to A8 can be masked.
The following table lists address mask register bits and their corresponding addresses to be masked.

Mask register bit bit7 bit6 bit5 bita bit3 bit2 bit1 bit0
Address to be masked A21 A20 A19 A18 A17 A16 A15-A9 A8
Setting the bits to 1 masks the corresponding addresses; to 0 does not mask.
After reset, AAMRO (for CSO0) is $FF, and AAMRI (for CS1) is undefined.
Offset
address 7 : 6 : 5 : 4 3 : 2 : 1 : 0
$001 |M21 M20 M19 M18|M17 M16 =1 M8 AAMRO
1 1 1 1 1 1 (fOr m)
Reset 1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
$005 |M21 M20 M19 M18(M17 M16 =1 M8 AAMR1
1 1 il il 1 L (for @)
- - - - - - - - *1: M15-M9
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3.5.3 Area Control Register (AACRO, 1, 2)

Registers AACRO and AACRI1 enable or disable memory areas in response to CS0 and CS1 signals,
specify DTACK signal generation mode, and the number of waits to insert.

When an area is disabled, the CS signal is not asserted although the specified memory area is accessed,
and the address decoder does not generate a DTACK signal. Register AACR2 specifies DTACK
generation mode in the interrupt acknowledge cycle, and the number of waits to insert.

The setting in register AACR2 determines the DTACK generation mode in the IACK cycle when no
vector number is automatically generated in an external interrupt. When a vector number is
automatically generated due to an interrupt from an internal device or an external interrupt, a zero wait
DTACK is generated regardless of the setting of register AACR2.

After a hardware reset, AACRO is set to $3D (area enable, both external and internal DTACK enable,
up to five wait clocks) and AACRI is set to $18 (area disable, both external and internal DTACK enable,
no wait clocks).

AACR2is set to $18 (both external and internal DTACK enable, no wait clocks).

Offset
address 7 : 6 5 : 4 : 3 2 : 1 : 0
$003 EN ED ID Wait AACRO
1 1 1 1 1

(for CS0)
Reset 0 0 1 1 1 1 0 1 ! !

1 T
$007 EN ED ID Wait AACR1
i T T (for CS1)

$009 ED ID Wait AACR2
i i L L L (for IACK)

R : Read only

EN : Area control
0: Areadisable (CSn signal not output, no internal DTACK generated)
1: Areaenable (CSn signal output, internal DTACK generated)

ED, ID : DTACK selection

ED ID DTACK Used
0 0 Use prohibited (even whenset, ED=0, ID=1)
0 1 | Useinternal DTACK (even when DTACK pin asserted, external DTACK ignored)
1 0 | Use external DTACK (no DTACK generated by address decoder)
1 1 | Use both internal and external DTACK (the first asserted is valid)

Wait: Number of waits to be inserted
When using internal DTACK, set the number of waits to be inserted. Settings are from 0 to 7 clocks.
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3.5.4 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
$00B 256 128 64 32 ATOR
1 1 1 1 1 1
Reset 0 0 0 0 1 0 0 0
R R R R
R : Read only
Set value
Time untii BERR generation
256 128 64 32
0 0 0 0 No BERR generation
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 : Any value

3.5.5 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.

Offset
address 15 : 14 : 13 : 12 11 : 10 : 9 : 8 7 : 6 : 5 : 4 3 : 2 1 : 0
$00C | A23 A22 A21 A20 | A19 A18 A17 A16 |A15 A14 A13 A12| A1l A10 ARELR
1 1 1] 1] 1 1 1] 1 1 1] 1]
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0
R R
R: Read only

3.6 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.

3.7 Cautions

1. While area control register 2 is for the interrupt acknowledge cycle, the settings here are valid only
for reading external vector numbers by external interrupts.

2. When both the internal and external DTACK (ED=1, ID=1) are selected in the area control
register, accessing an area under the conditions specified below prevents normal execution of the
next cycle. This occurs with either CS0 or CS1. For example, if the conditions are satisfied in a CS1
cycle followed by a CSO cycle, CS0 cycle becomes an abnormal cycle. In the reverse case, even if the
CS0 or CS1 access is repeated and the conditions are satisfied, then the next cycle becomes an
abnormal cycle.
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External wait set value
0 1 2 3 4 5 6 7
| 0 O - - - - - - -
?
e 1 | xa| O | - - - - - -
n 2 | xa|l x | O | - - - - -
? o 3 O | x x | O - - - -
sl lolo x| x|O-|-1|-
tv 5 ]OJO O | x| x|O|-|-
a
Lij 6 |]OJO 1O 1O | x| x|O] -
71010101010 | x| x]0
O : If the bus cycle ends at this condition, the next bus cycle receives the set number of waits and
operates normally (no problem).
x : Ifthe bus cycle ends at this condition, the next bus cycle generates the following:

o When the set number of waits for the next bus cycle is one or two and the cycle is the read
cycle, this read cycle has no-wait access.
If the read cycle is repeated, all subsequent cycles have no-wait access.
(Because the Xa status shown in the table above continues.)
o When the set number of waits for the next bus cycle is other than one or two and the cycleis a
read cycle, this read cycle has no-wait access.
If the read cycle is repeated, only the first cycle has no-wait access. (Because when the
actual number of waits is 0, the status is O.)
e When the next bus cycle is a write cycle, the set number of waits is inserted as normal.
e When the next bus cycle is an internal peripheral circuit register read or write cycle, ends
normally.
For example, if the wait setting for CS0 is 1 or 2, the wait setting for CS1 is 4, the actual cycle for
CS1 ends at wait 3, and the immediate next cycle is CS0, then there is no wait. If, at this time,
CSO0 uses only the internal DTACK (ED =0, ID =1), there is still no wait. If an interrupt vector is
written from an external source, the number of waits can be set in the interrupt acknowledge
cycle. However, if prior to the acknowledge cycle, the bus cycle ends in an X state as shown in the
table above, there is no wait.

If the above conditions are satisfied, the next cycle may not operate normally. Therefore, do not make
settings which result in combinations marked with “x” in the table.
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4.

4.1

Interrupter Controller

Overview

The interrupt controller provides 10 interrupt channels.

Seven of the channels are for internal

peripheral circuits, while the other three are for external interrupts from interrupt request input pins
INTO, 1, and 2. Interrupt request levels input to the core processor (the pattern of “0“s and “1“s input to the
core processor IPLO, 1, and 2) can be set for each channel. Priorities can be set independently. Interrupt
request input mode (input level, rising / falling edge) for external interrupts can also be set independently.
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, or 2) corresponding to an external interrupt

channel is asserted in accordance with the interrupt acknowledge cycle.

The auto-vectored interrupt function supported by the TMP68HCO000 is not available because the
TMP68301AK does not have 68000 interface signals.
Figure 4.1 shows a block diagram of the interrupt controller.

Interrupt
Internal Interrupt request
peripherai accept
L 1
! 1
|
INT Interrupt
TACK accept —l =
IACK \—l

289§

interrupt
priority judge

IDIO
Ly

IPL1

IPL2

Interrupt

68HC000

interrupt
vector
generator

acknowledge*

Core processor

Figure 4.1

* This signal is generated by decoding FCO to 2 and other signals.

Interrupt Controller Block Diagram
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4.2 Interrupt Request
When an interrupt request is present on 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 are generated on 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, or

2).

Low-level interrupt
High-level interrupt
Rising-edge interrupt
Falling-edge interrupt

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

Note :

When switching from level mode to edge mode, the 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

3. Clear the pending bits

4. Release the interrupt request mask

CLK

.................

(low level)

CLK
CLK interrupt request
(falling edge)

More than I
two clocks

Figure 4.2 External Interrupt Request
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4.3 Priority Between Channels
The interrupt controller can set the 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
Timer Channel 0

ce Channal 0
e wnannéi v

External interrupt request Channel 1
Timer Channel 1
Serial interface Channel 1
Serial interface Channel 2
Timer Channel 2
Low External interrupt request Channel 2

Table 4.1 Priority of Channels Set to Same Interrupt Request Level
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4.4 Interrupt Acknowledge Cycle (IACK Cycle)

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

The 68301A interrupt controller has a function to automatically generate the vector number to be 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, an interrupt acknowledge signal is asserted
for the channel with the highest priority in Table 4.1. The interrupt acknowledge signal asserted here only
applies internally to the 68301A and is not output externally. However, depending on the register setting,
external interrupts can be output externally as IACK signals. IACK signals are asserted using the same
timing as that for AS signals. Area control register 2 in the address decoder can be set to insert a WAIT
into IACK cycles. For details, see the address decoder section.

SO S4 SW S6

e N 2 U N an Y a VR

- — / v v

—/
Alto A3 —( —

e N \—

O —

The number of WAITs in the section marked
with arrows is the same as the value setin area
control register 2.

Figure 4.3 IACK Signals for External Vector Fetch by External Interrupt
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4.5 Automatic Generation of Vector Numbers

The interrupt controller automatically generates vector numbers during IACK cycles and these are
read by the core processor. The five lower bits of the vector are determined depending on the interrupt
channel or request. The three upper bits are set using the interrupt vector number register IVNR). See
Table 4.2 for a list of vector numbers.

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

Serial interface interrupt requests generate vector numbers not only corresponding to the channel
generating the interrupt, but also in accordance with the cause of the interrupt.

Channel Cause Vector Number
External interrupt Channel 0 XXX00000
External interrupt Channel 1 XXX00001
External interrupt Channel 2 XXX00010
Timer 0 Channel 0 XXX00100
Timer 1 Channel 1 XXX00101
Timer 2 Channel 2 XXX00110
Serial interface Channel 0 Receive error, break detection XXX01000
Receive complete XXX01001
Transmit ready XXX01010
Interrupt source cleared while interrupt pending (Note 1) XXX01011
Serial interface Channei 1 Receive error, break detection XXX01100
Receive compiete XXX01101
Transmit ready XXX01110
interrupt source cleared while interrupt pending (Note 1) XXX01111
Serial interface Channe! 2 Receive error, break detection XXX10000
Receive complete XXX10001
Transmit ready XXX10010
Interrupt source cleared while interrupt pending (Note1) XXX10011
Parallel interface Receive complete XXX10101
Transfer ready XXX10100
Status change (fault input at transmit) of external device XXX10110
Interrupt cause cleared while interrupt pending (Note 1) XXX10111
Other Default vector (Note 2) XXX11111

XXX : Setby the three upper bits of the IVNR.

Table 4.2 Vector Number List

Notel: This vector number is generated when the cause of the interrupt becomes unknown if the
interrupt source is cleared before the interrupt acknowledge is returned for a pending interrupt.

Note2: If the CPU accepts an interrupt, the IACK cycle starts after 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 by the IACK cycle.
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4.5.1 Interrupt Source Cleared While Interrupt Pending
This interrupt is generated under the following conditions. The following description is based on the
generation of a serial 0 interrupt.

Interrupt Source Interrupt Controller 68HC000
Serial 0 Core Time
CTS0=LOW e Masks serial 0 interrupt.
— . .
e Transmitinterrupt e Changes the iP bit of
occurs. serial 0to “1”
_— (MPI=110) (Note 1)
Interrupt|e  Waiting for clear of
CTSO=High |e Thetransmit request interrupt mask
ﬁ . . .
interrupt status The IP bit of serial 0
and interrupt I remainsat “1"
request are interrupt (ViPi=110)
cleared. request |  Clearsinterrupt IPLOto 2
clear ——
mask(MPI=010)
e Receivesno applicable Alto3 [
interrupt from the iCOt_oZ Interrupt
> interrupt source and NO$m aclfnowledge
Interrupt generates the interrupt cycle ..............
status vector. Tothe
interrupt
processing
routine

When an interrupt is generated by the interrupt source, an interrupt request is passed 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 controller waits for the interrupt request to be issued to the 6BHC000 core. (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.
(The above example shows when the CTS0 input changes to high in the transmit interrupt state). Even if
the interrupt cause is cleared at the interrupt source, because interrupt control is still pending, the
interrupt controller sends an interrupt request to the 68 HC000 core when the interrupt mask is cleared.
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 CTSO input changes to high while a transmit ready interrupt is pending. (TxRDY is set to “0“

when CTSO0 changes to high, 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 the error interrupt processing routine.

(If both ERINTM and RXINTM of the serial mode register [SMRn] are “0“ and both interrupt masks are
cleared, both error interrupt and receive interrupt are generated when an error occurs. Since 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, check your
software and make necessary modification so that these interrupts will not occur.
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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.

Inter1r_y pt Source Interrupt Controller 68HC000 Core
TimerQ .
Time
e Interrupt e Setsthe IP bit for timer 0 Instruction A
] & "anu £t :
generated Interrupt to "1". fetch
request |® Judgestheinterrupt

priority and outputs an IPLOtO 2 | |nstruction B } |nstruction A
interrupt with the set :
. P fetch execution
interrupt level to the (Note 2)
68HC000 (MPI = 010). OO SO SO
(Note 1) i Instruction B

e viasks iilViR timer 0 execution
interrupt (MPI = 110)

e Thereisnorelevant Alto3 Int t ack led |
FCOto 2 | INterrupt acknowledge cycle
-

interrupt vector because

tha aanaration of tha
wi€ generaudn &i ine

interrupt is masked. DOto7

Generatesadefault |  f
vector. (ViPi=110) To default vector interrupt
(Note 3) processing routine

When an interrupt is generated, an interrupt request is passed to the interrupt controller. As a result,
the interrupt controller sets the relevant IP bit to “1“, checks that the interrupt is the highest priority
interrupt, and outputs an 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 = “1“ (M =1), 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 68HC000 core accepts the IPLO to 2 interrupts, it attempts to jump to the interrupt sequence
operations. However the interrupt sequence is delayed until instruction B fetched by the 68HCO000 core is
executed. If instruction B masks the generated interrupt (Note 2), the instruction is executed and the
interrupt request by the interrupt controller is cancelled. Subsequently, even if the 6BHC000 core starts
the interrupt acknowledge cycle, the interrupt controller does not have a corresponding interrupt and so
generates a default vector indicating that there is no relevant interrupt and ends the interrupt
acknowledge cycle.

Even if a default vector interrupt is generated, the interrupt generated remains in the interrupt
controller in the pending state (Note 3). Accordingly, after clearing the interrupt mask, a normal interrupt
sequence can be performed.

If you simply wish to return to the main processing and disable vector generation when this default
interrupt occurs, insert an instruction before the interrupt mask instruction (instruction B), to set the
68HCO000 core interrupt level to the highest level. This prevents the 68HCO000 core from receiving
interrupts, apart from interrupt level 7, thus preventing initiation of the interrupt sequence midway
through masking the interrupt. However, if the level of the interrupt generated is 7, the 68HCO000 core
cannot disable the interrupt request and the default vector is generated. In this case, perform default
vector processing.
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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 these bits are described
below. The set (setting the bit to “1%) and reset (setting the bit to “0“) methods vary according to a bit.

Mask Bit (M) | Control Bit for masking interrupt requests
1 Masks the interrupt request.
0 Unmasks the interrupt request.
set Set by hardware reset or by writing “1* by software.
reset Setto “0” by sofiware.

Pending bit (P) IT_IE?tEE a_rJJT:c?r[uPt request occurred and is pending (waiting for

\
[ ITILETTUPL Processing)j.

1 Aninterrupt request occurred and is pending.
0 No interrupt request occurred
set An interrupt request occurred (this bit cannot be set to “1” by software).

reset Reset by hardware reset or by writing “0” by software when the interrupt request is

accepted by the core processor. {See Notes,

<

In-service bit (I) Indicates that an interrupt request has been accepted by the core
processor.
1 Indicates that an interrupt request has been accepted.
0 Indicates that no interrupt request has been accepted.
set An interrupt request is accepted by the core processor (this bit cannot be setto “1” by
software).
reset Hardware reset Setto "0” by software

Notel: The function to clear pending bits by software is used when initializing the whole system or when
pending bits are set by unnecessary interrupts. However, if pending bits set according to interrupts
generated by internal peripheral circuits are cleared to “0“, interrupts will no longer occur. 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 operated 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, an interrupt request is present due to an interrupt source in a channel, the
corresponding IP bit is set immediately after the INTM bit is cleared to “0“. To avoid this, disable
interrupt requests for the 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.
Parallel Interface

With a transmit ready interrupt, set the transmit interrupt mask bit (bit IM1) of the parallel
command register (PCR) to 1, then clear the bit to 0.

With a receive complete interrupt, set the receive complete interrupt mask bit (bit IM3) of the
PCR to 1, then clear the bit to 0. At a fault interrupt, set the fault interrupt mask bit (bit IM2) of the
PCR to 1, then clear the bit to 0.

External Interrupt

For edge mode interrupts, the IP bit is set the next time the interrupt edge is input. For level

mode interrupts, the IP bit is set the next time the interrupt input is asserted.
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Note2: For level mode 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 for the bit to be cleared.
Writing “1“ to the pending bit will not affect operation but enables interrupts to be generated
even though the pending bit is mistakenly cleared.

The interrupt states for the mask bit (M), pending bit (P), and in-service bit (I) values are shown in
Table 4.4.

M P |

0 0 0 No interrupt request

0 0 1 During interrupt processing routine

0 1 0 Interrunt request aenerated

~ ~ ~ bl Mg R~ A

n 1 1 Anrnatharimtarviimt ramitact ic manmaratan] Aiiriime A it arei it e caccimeo oy b
v 1 1 ANouICT IIILCIIU}JLIUL{UC)LI)BU ISTalCu Guring art inermrupL protedding routinic.
i 0 0 No interrupt request

1 0 1 Interrupt is masked during an interrupt processing routine

1 1 0 Interrupt request generated while interrupt is being masked

1 1 1 Interrupt request generated after masking interrupt during an interrupt processing routine.

Table 4.3 Interrupt Status
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4.7 Register Configuration
4.7.1 Interrupt Controller Registers 0, 1, and 2 (ICRO, 1, and 2)
These registers control the external interrupt inputs (INTO, 1, and 2). The registers set the interrupt
level and select external vector input or automatic generation of the vector number set for input mode.
After a hardware reset, ICRO, 1, and 2 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 : ! : ! - ' - - ! : ! - ICRO (for INTO) C ds t
or orresponds to
so81 . v PO evel  the EObit below.
Reset 0 0 0 0 0 1 1 1
R R
7 6 4 3 2 1 0
T T T T T ICR1 (for INT1) Corresponds to
$083 . Y . R/F . L/E IIevel . the E1 bit below.
0 0 0 0 0 1 1 1
R R
7 6 4 3 2 1 0
! ! ! ' ' ICR2 (for INT2) Corresponds to
$085 i v R tevel  lihe E2bitbelow.
0 0 0 0 0 1 1 1
R R R : Read only
V : Vector number automatic generation control
0 : Readsvector number from an external source instead of automatic generation of vector number
1 : Vector number automatic generation

R/F,L/E : Requestinputmode for external interrupts

R/F /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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Level : Interruptrequestlevel

0to7 :

Indicate the interrupt request level corresponding to IPLO, 1, and 2 to be input to the core
processor. For example, IPL2=1,IPL1=0, and IPL0O=0 indicate request level 3. The following

table shows the correspondence between IPLx and interrupt levels.

Interrupt level PL2 TPLT 1PLO
0 1 1 1
1 1 1 0
2 1 0 1
3 1 0 0
4 0 1 i
5 0 1 0
6 0 0 1
7 0 0 0
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4.7.2 Interrupt Control Registers3to5,7to 9 (ICR3to 5,7 to 9)
These are the interrupt control registers for interrupts from internal peripheral circuits.
After a hardware reset, ICR3 to 5 and 7 to 9 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 > 4 3 2 ! 9 e e e e LA
$087 ' ' ' ' "level iCR3 Seriai interface ch0
, , , . . . Corresponds to the SO bit

Reset o o o0 o o 1 1 1 Dbelow

! ! ! ! ! ! ICR4 Serial interface ch1
$089 . . . level Corresponds to the 51 bit

o 0 o0 o0 o0 1 1 1 below

T T T T T level T ICRS5 Serial interface ch2
$08B eve Corresponds to the S2 bit

o 0o o ©0 o0 1 1 1 below

ICR6 Timer chO Corresponds to
$08D o fevel the TO bit below.

ICR7 Timer ¢ch0 Corresponds to
$08F Vel lthe TO bit below.

ICR8 Timer ch1 Corresponds to
$091 e evel the T1 bit below.

! ! ! ! ! ! ICR9 Timer ch2 Corresponds to
$093 o level  lihe T2 bit below.

R : Read only

Level : Interruptrequestlevel
Oto7 : Indicate the interrupt request level corresponding to IPLO, 1, and 2 to be input to the core
processor.
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4.7.3 Interrupt Mask Register (IMR)

This register sets the interrupt mask for a channel. A “1“masks the interrupt (ignore interrupt). A “0“
unmasks the interrupt (allow interrupt). If masking an interrupt during operation, set the channels
corresponding to the bits to be modified to a state whereby, even if an interrupt is generated, it will not be
accepted by the core processor. (For example, set the interrupt level in the core processor status register to
7). Thisis 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 $07F7 (all interrupt channels masked).

ag;f:::s 15, 14 13 12 11 10 9 8 6 5 4 2 10
$094 S T2 T1 70 52 s S0 E2 E1 E0 | IMR
Reset 0 0 0 0 0 1 1 1 1 1 1 1 1 1
R R R R R
T2 : Timerchannel 2 R: Read only
T1 : Timerchannel 1
TO : Timerchannel 0
P : Parallel interface
S2 : Serial interface channel 2
S1 : Serial interface channel 1
SO : Serial interface channel 0
E2 : Externalinterrupt channel 2
E1 : External interrupt channel 1
EO : External interrupt channel 0
P : Parallel interface (only the case that |012 is used for INT6 (External interrupt))
Note Bit 7 is normally set to “1".

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. A “1“indicates that there is an interrupt request that has not yet been
accepted by the core processor. A “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
using software cancels the interrupt request. However, to enable subsequent interrupts, the interrupt
source must be cleared.

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

Offset
address 15 : 14 : 13 : 12 : 1 10 : 9 : 8 7 6 : 5 : 4 3 2 : 1 : 0
$096 T2 T1 TO P S2 S1 SO E2 E1 EO IPR
1 1 1 1 1 1 1 1 1 1
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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. A
“1“indicates that a request has been accepted. A “0“indicates that a request has not 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).

Offset
address 15 : 14 : 13 : 12 : 1 10 : 9 : 8 7 6 : 5 : 4 3 2 : 1 : 0
$098 T2 T1 T0 P S2 S1 SO E2 E1 EO 1ISR
1 1 1 1 1 1 1 1 1 1
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R: Read only

4.7.6 Interrupt Vector Number Register (IVNR)
This register specifies the three upper bits of a vector number. The five lower bits of a vector number
are determined by the interrupt channel or the interrupt source.
After a hardware reset, the register is initialized to $00.
Note : After aresetisreleased, the 68HCO000 core interrupt vectors overlap the internal peripheral
circuit interrupt vectors. Therefore, set the value of IVNR to $40 or more by software.

Offset

address 7 : 6 : 5 4 : 3 : 2 : 1 : 0

$09B Vector IVNR
1 1 1 1 1 1
Reset 0 0 0 0 0 0 0 0
R R R R R
R : Read only
Vector : Three upper bits of the vector number

4.8 Interrupt Expansion Function
In the TMP68301A, interrupt channels assigned to unused peripheral circuits can be used as external
interrupt inputs by setting the expansion interrupt register. Thus, a maximum of seven channels can be
used for external interrupt inputs in addition to the three standard external interrupt channels.
The interrupt input pins are assigned as follows:

Peripheral circuit interrupt channel Interruptinput pin Interrupt input name
Serial interface ch0 RxDO INT3

Serial interface ch1 RxD1 INT4

Serial interface ch2 RxD2 INTS

Parallel interface 1012/FAULT INT6  (Note)
Timer ch0 TIN INT7

Timer ch1 1014 /DSRO INT8  (Note)
Timer ch2 1015/DTRO INT9  (Note)

Note: When used as interrupt inputs, the pins must be first set to input in the parallel direction
register.

Only falling-edge input mode is available for expanded external interrupts. However, like the standard
external interrupt inputs, the state must be held for at least two clocks after the falling edge.

Multiple falling edges may occur before the processor accepts an interrupt request. The processor treats
these edges as if they were the same interrupt request.
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There is no IACK output signal corresponding to the expanded external interrupts. Therefore, the
vector number is generated automatically by the interrupt controller because the vector number cannot be
input from an external source during the interrupt acknowledge cycle. Vector numbers generated at this
time are as follows.

Interrupt channel Interrupt input name Vector number
Serial interface ch0 INT3 XXX010%*
Serial interface cht INT4 XXXO011%*
Serial interface ch2 INTS XXX100%*
Parallel interface INT6 XXX101%%
Timer ch0 INT7 XXX00100
Timer chi iNT8 XXX00101
Timer ch2 INT9 XXX00110
XXX : Thethree upper bits specified by the vector number register
** 1 Thetwo lower bits of the interrupt vector number assigned to the serial interface depend on the status of the

standard interrupt channels. Accordingly, when using these interrupts, set the same destination address in all four.
The same applies to INT6.

4.8.1 Expansion Interrupt Register (IEIR)

This register controls the switching of interrupt channels between internal peripheral circuits and
external interrupt inputs. A “1“indicates external interruptinput. A “0“indicates interrupts from the
internal peripheral circuits (external interrupt input disabled).

After a hardware reset, this register is initialized to $00 (all channels set to internal peripheral circuit
interrupts).

Offset

address 6 5 4 3 2 1 0
$09D T2 T™ TO| P S2 st SO | IER

Reset 0 0 0 0 0 0 0 0

T2 : Timerch2
T1 : Timerchi
TO : TimerchO

P : Parallelinterface

S2 : Serial interface ch2
S1 : Serial interface ch1
SO : Serial interface ch0

Notel: Even if external interrupt input is enabled, the internal peripheral circuits can perform their
original functions. However, the pins assigned as interrupt inputs (for example, the serial
interface RxD) cannot be used for their original functions.

The peripheral circuits can function but cannot generate interrupts if the interrupt channels
are used for interrupt inputs.
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5.

5.1

Serial Interface

Outline

The serial interface consists of three 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 0 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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! 4—:— CTSO
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i | e
BCLK —-p| Prescaler 4J — RTS
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1 1
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X ! !
1 1
1 1
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namm T b Baud rate
controller ! | circuit control < > -
! b generator ™ RxD2
i i
Figure 5.1 Serial Interface Block Diagram
Register select signal
g.; B PR SIS 2 3 Ny - Tranemit hiffar narallal _searial) I . T
= Transmit data register (SDR) B! Transmit buffer (parallel = serial) » TxD
A A
w
L > .
—',' Status reqister (SSR < Transmltz .
SIATESITGISISE IS , »| control circuit
—>
—P Receive data register (SDR) < Receive buffer (parallel « serial) [ «—RxD
v
—» Mode register (SMR) Receive
2 v . »| control circuit
—| command register (SCMR)
| -
= |
; |
1
< : 4 Modem —CT5 H
1 . . |[<—DSR 1
I control circuit » NTR !
Internal bus i — RTS i
| B ] 1
~ > . 1 1
Divider clock —®| Baud rate register (SBRR) ! !
g g g gy ——— _.|

Only in channel 0, not provided in channel 1 or 2
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 (RxDO0, RxD1, and RxD2), and output to the transmit data output pins (TxDO0, TxD1, and TxD2).

Parity bit
-_—\ Start I \7/ \I_((_\l \7/ Iy Il r P 1
Mark \_bit / DO X D1 X |\ Dn-1_ X / 3{)‘?{) l
. LsB ) MSB !
) Transmit/receive character ' n : Character length

Figure 5.3 Data Frame

(O 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 bitis 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 0
level.

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.

| A
CLK ! :
g 1 1
Clock select |SCLK PCLK 1 Baud rate GCLKO Divide-by- TCLKO !
circuit »  Prescaler —> > AT e
generator eight circuit !
BCLK ! i
> 1/m : 172" 118 ;
! Ffnmamal N !
; wriarinie v I
o e 1
! !
i i
| | Baudrate |GCHKT | pivide-by- | TCLKT
i | generator | eightcircuit !
1 1
n
E 12 8 Channel 1 E
o m - 1
1 1
: :
i Baudrate | GCLK2 Divide-by- | TCLK2 4
— > T e
! generator eight circuit !
1 1
i 2 8 Channel 2 E
g iy iy Sy iy Sy ————— 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 - 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 ready) bit of the command register (SCMR) is in progress. When CTS0
is used in channel 0, the serial interface also checks pin I013/CTS0. When CTSO0 is not used, if TXxEN=1
and transmit is not in progress, transmit begins with the transmit character loaded from the transmit
data register to the transmit buffer. When CTSO is used, if TxEN =1, I013/CTS0 =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.

TCLK_AI_AI_AL?I_? |
Y

(l A\\"4
\ A

4

"~

><< \E

TxD X

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 loaded from the
transmit data register to the transmit buffer at that point, the next transmit character can be loaded 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 transmit, it continues transmit of the current data character even if the status of the
I1013/CTSO0 pin or the TXEN bit change and ends transmit 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, CTSO0, or whether there is a transmit currently in progress.

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.
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sk ALAA AL AL A A LA LA LA LA L

RxD Invalid start bit . .
] (noise) 1 Valid start bit |
[ I [ 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 resultis 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. Ifa
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 transferred 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 enabled) = 1
¢) Error occurred interrupt
A parity error (PE), overrun error (OE), or framing error (FE) is generated
(PE =1,orOEorFE = 1)and RXEN =1
d)Break detected interrupt
A break is detectedRBRK (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 ready interrupt mask) bit.
Note that break detected interrupts are masked by the RXINTM bit. Moreover, bits S2 to SO (serial
interface channel 2 to 0 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.
Note n : Indicatesthe channel number n =0,1,2
+ : Indicateslogical OR
X : Indicates logical 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)
Receive complete interrupt (RXINTM =0)X(RXEN=1) X (RxRDY =1)
Error occurred interrupt (RXEN=1)X[(ERINTM =0)X{(PE=1)+(OE=1)+(FE=1)}]
Break detected interrupt = (RXINTM=0)X(RBRK=1)

Transmit ready interrupt
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5.3.4 Vector Number Generation

TMP68301A 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 : Error occurred/break detected

01: Receive complete
10 : Transmit ready

11 : Interrupt cause cleared while interrupt pending

> Determined by channel no.
010 : Channel 0
011 : Channel 1
100 : Channel 2

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 RRINTM 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 bit is 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 l
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 . i i
y Generates interrupt Pending register value
Receive complete 1

l l <«——— Error occurred interrupt pending

Y

0
Interrupt acknowledge cycle

Clears pending bit in interrupt

. . acknowledge cycle
Generates vector number for error occurred interrupt

l 1

Y

Error occurred interrupt processing routine* < Receive complete interrupt pending

$
RTE

l

0
Interrupt acknowledge cycle
Generates vector number for receive complete interrupt
‘l‘
Receive interrupt processing routine
§
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
Serial d *1 *

erial comman RTS ERS SBRK RxEN DTR TxEN
ranictar
register
(SCMRO-2) - - 0 1 0 0 0 0
. 1
Serial status DSR * RBRK FE OF PE TxE RxRDY TxRDY
register D "
ependin
(SSR0-2) pending
on external 0 0 0 0 1 0 0
pin status
- : Undefined
*1 : channel 0 only

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.

Offet 7 ¢ 5 4 3 2 1 0
address T T
$18F | cksE RES INTM | SCR

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

Note: For future expansion, set undefined bits to 0.
CKSE: Divider clock select
0 : Externalinputclock (BCLK)
1 : System clock (CLK)
RES: Software reset

0 : Resetcansel
1 : Reset
INTM: Interruptmask
0 : Enableinterrupt signal generation
1 : Disableinterrupt signal generation
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5.5.2 Serial Mode Registers 0 - 2 (SMRO - 2)
These registers, one per channel, specify the character structure and the interrupt generation masks.

Offset
7 6 5 4 3 2 1 0
adirfs:s Re © ER peg pen|cL1 clo Tx st | SMRO
INTM , INTM , , , , INTM , For channel 0
Reset 1 1 0 0 0 0 1 0
7 6 5 4 3 2 1 0
T T T T 1 T
$191 | R " ER “ppo pEn|cL1 co Tx st | SMRI
INTM ; INTM ; . ,INTM | For channel 1
1 1 0 0 0 0 1 0
7 6 5 4 3 2 1 0
T T T T T T
R ER T SMR2
$1A1 INTXM L INTM | PEO ; PEN | CL1 ; cLo i!NTXMi ST For channel 2

1 1 0 0 0 0 1 0

RxINTM Receive complete interrupt mask and break detect interrupt mask *2
0 : Interruptvalid
1 : Interruptmasked
ERINTM : Erroroccurred interrupt mask *2
0 : Interruptvalid
1 : Interruptmasked
Parity select *1
0 : Even parity
1: Odd parity

PEN Parity control
0 : No parity
1: Parity
CL1-CLO : Characterlength
CL1 CLO Character length
0 0 5-bit character
0 1 6-bit character
i 0 7-bit character
1 1 8-bit character
TxINTM Transmit ready interrupt mask

0 : Interruptvalid

1 : Interruptmasked
:  Stop bit length

0 : Onestop bit

1: Twostop bits

*1 Shows parity generation;

Even parity means that the number of 1’s in the transmit/receive character including

the parity bit is even.

Odd parity means that the number of 1's in the transmit/receive character including

the parity bit is odd.

ERINTM is the interrupt mask for framing errors, overrun errors, and parity errors.

RxINTM is the interrupt mask for break detect.

*2
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5.5.3 Serial Command Registers 0 - 2 (SCMRO - 2)

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

Offset
address 7 : 6 5 : 4 3 : 2 : 1 : 0 SCMRO
$183 . RTS . ERS | SBRK . RyEN | DTR | TEN | Eor channel 0
Reset 0 0 0 1 0 0 0 0
R R
7 6 5 4 3 2 1 0
! ! ! SCMR1
$193 i i ERS | sBRrK i RyEN TEN | Eor channel 1
0 0 0 1 0 0 0 0
R R R R
7 6 5 4 3 2 1 0
! ! ' SCMR2
$1A3 i i ERS | sBRK ReEN TEN | Eor channel 2
0 0 0 1 0 0 0 0 R: Readonly
R R R R

Note: For future expansion, set undefined bits to 0.

RTS : RTSO pin output control (channel 0 only)
0 : High output from RTSO pin
1: Low output from RTSO pin
ERS : Errorreset*2
0 : Nooperation
1 : ResetPE, OE, FE, and RBRK bits
SBRK : Break transmit
0 : Nobreak transmit
1 : Break transmit
RxEN : Receive enable
0 : Receive disable
1 : Receive enable
DTR : DTR pinoutput control (channel 0 only) *1
0 : High output from pin DTRO
1: Low output from pin DTRO
TxEN : Transmitenable
0 : Transmitdisable
1 : Transmitenable

*1 : As pin I013/DTRO multiplexes with the parallel interface I/O port, the pin is used for
DTRO output only when bit PFO0 (pin function 0) of the parallel control register is set to
1.

*2 : 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 - 2 (SSRO - 2)
These registers, one per channel, indicate the channel status.
Offset
address ' ' ' ' ' ' SSRO
$187 IDSR Rrerk FE OE | PE TxE Rx = Tx | 22" .
, , R R , RDY , RDY | Forchannei 0
Reset 0 0 0 0 0 1 0 0
$197 ek FE  OE | PE TxE Rx  Tx | 3R
. . . , RDY , RDY | Forchannel 1
0 0 0 0 0 1 0 0
R
T T T T R T T SSRZ
$1A7 RBRKi FE ; OF | PE ; TXE . Rva ; Rva For channel 2
0 0 0 0 0 1 0 0
R R: Readonly

1 .

DSR pin input sense (channel 0 only) *2
I014/DSRO pin input is high.
I014/DSRO pin input is low.

Break detect

Does not detect break

Detects break

FE : Framing error

0:
1:
OE
0:
1.

Does not generate framing error
Generates framing error
Overrun error

Does not generate overrun error.
Generates overrun error.

PE : Parity error

0:
1:

Does not generate parity error.
Generates parity error.

TxE: Transmit data empty

0 : The transmit data register (SDR) contains a transmit character, or a transmitisin
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 : Receiveready
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 issettol when [{transmit data register empty} x (CTS=0) x (TxEN =1)].

When channels 1, and 2, and 0 do not use CTS0, CTSO0 is treated as CTS0=0 without
checking CTSO pin input. CTSO multiplexes with the parallel interface I/O port:
1013/CTS0. Thus, the pin is used for CTSO0 input only when bit PFO0 (pin function 0) of
the parallel control register (PCR) is set to 1.

*2 : Pin IO14/DSRO multiplexes with the parallel interface I/O port. Thus, the pin is used
for DSRO input only when PFO of the parallel control register is set to 1.
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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 6 3 4 3 2 ! 0

s180 | P7 P6 ps pPa|P3 P2 P1 pPo| spr

1 1 1 1 1 1
Reset - - - - - - - -

Set value Divider ratio
0 x 1/256
1 %1
2~255 x 1/2~ % 1/255

5.5.6 Baud Rate Register 0 - 2 (SBRRO - 2)

The baud rate generator further divides, by the divider ratio specified in this register, 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 B7 ' B6 ' B5 I B4 B3 I B2 . B1 . BO SBRRO
For channei 0

$195 B7 B6 B5 B4 B3 B2 B1 BO SBRR1
For channel 1

$1A5 B7 B6 B5 B4 B3 B2 B1 BO SBRR2
. . . . For channel 2
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Baud rate register values Divider ratio
B7 B6 B5 B4 B3 B2 B1 BO Deli:‘uai
1 0 ¢} 0 (4] ¢ 0 ¢} 128 17128
0 1 0 0 0 0 0 0 64 | 1/64
0 0 1 0 0 0 0 0 32 1/32
0 0 0 1 0 0 0 0 16 1716
0 0 0 0 1 0 0 0 8 1/8
0 0 0 0 0 1 0 0 4 1/4
0 0 0 0 0 0 1 0 2 1/2
0 0 0 0 0 0 0 1 1 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+BRRn~+38
n :  Channel number (n=0~2)
TCLKn : Channelnbaud rate (bps)
CLK :  Input clock (system clock or BCLK pin input) frequency (Hz)
PR . Prescaler (SPR) set value (PR=1 - 256 However, PR =256 means value is 0)

BRRn : Channel nbaud rate register (SBRRn) set value (BRRn=1 - 128)

Table 5.3 shows baud rate setting examples.

5.5.7 Serial Data Registers 0 -2 (SDRO - 2)
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
$189 D7 D6 D5 D4 | D3 D2 D1 DO SDRO

For channei 0

Reset  — - - - - - - -

$199 D7 D6 D5 D4 | D3 D2 D1 DO SDR1
For channel 1

$1A9 D7 D6 D5 D4 D3 D2 D1 DO SDR2
L L For channel 2

301A-50



TOSHIBA TMP68301A

SCLK = 16.67MHz

Baud Rate ?m? (PR) Error (Bm; (PR) Error
(bps) Hexadecimal | Hexadecimal Hexadecimal | Hexadecimal
38.4K 1 ($01) 54 ($36) +0.48% 2 ($02) 27 ($1B) +0.48%
19.2K 1 ($01) 109 ($6D) -0.44% 4 ($04) 27 ($1B) +0.48%
14.4K 1 ($01) 145 ($91) -0.20% 16 ($10) 9 ($09) +0.48%
9600 1 ($01) 217 ($D9) +0.02% 8 ($08) 27 ($1B) +0.48%
4800 2 ($02) 217 ($D9) +0.02% 16 ($10) 27 ($1B) +0.48%
2400 4 ($04) 217 ($D9) +0.02% 32 ($20) 27 ($1B) +0.48%
1200 8 ($08) 217 ($D9) +0.02% 64 ($40) 27 ($1B) +0.48%
600 16 ($10) 217 ($D9) +0.02% 128 ($80) 27 ($1B) +0.48%
SCLK = 16.0MHz
Baud Rate BRR PR BRR PR
(bps) N _(_.‘)_ . _(‘.-)_ N Error . A(-.-)_ ] _(‘.-)A - Error
Hexadecimal | Hexadecimai Hexadecimal | Hexadecimal
38.4K 1 ($01) 52 ($34) +0.16% 2 (302) 26 ($1A) +0.16%
19.2K i ($01) 104 ($68) +0.16% 4 ($04) 26 ($1A) +0.16%
14.4K 1 ($01) 139 ($8B) -0.08% 4 ($04) 35 ($23) -0.79%
9600 1 ($01) 208 {$D0) +0.16% 8 ($08) 26 ($1A) +0.16%
4800 2 ($02) 208 ($D0) +0.16% 16 ($10) 26 ($1A) +0.16%
2400 4 ($04) 208 ($D0) +0.16% 32 ($20) 26 ($1A) +0.16%
1200 8 ($08) 208 ($D0) +0.16% 64 ($40) 26 ($1A) +0.16%
600 16 ($10) 208 ($DO0) +0.16% 128 ($80) 26 ($1A) +0.16%
SCLK = 12.5MHz
Baud Rate BRR PR BRR PR
(bps) ( ). ( ). Error ( ). ( ). Error
Hexadecimal | Hexadecimal Hexadecimal | Hexadecimal
38.4K 1 ($01) 41 ($29) -0.76% 2 (302) 20 ($14) +1.73%
19.2K 1 ($01) 81 ($51) +0.47% 4 ($04) 20 ($14) +1.73%
14.4K i ($01) 109 ($6D) -0.45% 4 ($04) 27 ($1B) +0.47%
9600 1 ($01) 163 ($A3) -0.15% 8 ($08) 20 ($14) +1.73%
4800 2 ($02) 163 ($A3) -0.15% 16 ($10) 20 ($14) +1.73%
2400 4 ($04) 163 ($A3) -0.15% 32 ($20) 20 ($14) +1.73%
1200 8 ($08) 163 ($A3) -0.15% 64 ($40) 20 ($14) +1.73%
600 16 ($10) 163 ($A3) -0.15% 128 ($80) 20 ($14) +1.73%

Figure 5.3 Baud Rate Setting Examples (1)
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SCLK = 8.0MHz
Baud Rate ?m? (PR) Error I(3R|; (PR) Error
(bps) Hexadecimal | Hexadecimal Hexadecimal | Hexadecimal
38.4K 1 ($01) 26 ($1A) +0.16% 2 ($02) 13 ($0D) +0.16%
19.2K 1 ($01) 52 ($34) +0.16% 4 ($04) 13 ($0D) +0.16%
14.4K 1 ($01) 69 ($45) +0.64% 4 ($04) 17 ($11) +2.12%
9600 1 ($01) 104 ($68) +0.16% 8 ($08) 13 ($0D) +0.16%
4800 2 ($02) 104 ($68) +0.16% 16 ($10) 13 ($0D) +0.16%
2400 4 ($04) 104 ($68) +0.16% 32 ($20) 13 ($0D) +0.16%
1200 8 ($08) 104 ($68) +0.16% 64 ($40) 13 ($0D) +0.16%
600 16 ($10) 104 ($68) +0.16% 128 ($80) 13 ($0D) +0.16%
SCLK =7.3728MHz
Baud Rate ?RF; (PR) Error I(3R|§ (PR) Error
(bps) Hexadecimal | Hexadecimal Hexadecimal | Hexadecimal
38.4K 1 ($01) 24 ($18) 0% 2 ($02) 12 ($0Q) 0%
19.2K 1 ($01) 48 ($30) 0% 4 ($04) 12 ($0C) 0%
14.4K 1 ($01) 64 ($40) 0% 4 ($04) 16 ($10) 0%
9600 1 ($01) 96 ($60) 0% 8 ($08) 12 ($0C) 0%
4800 1 ($01) 192 ($C0) 0% 16 ($10) 12 ($0C) 0%
2400 2 ($02) 192 ($C0) 0% 32 ($20) 12 ($0C) 0%
1200 4 ($04) 192 ($C0) 0% 64 ($40) 12 ($0C) 0%
600 8 ($08) 192 ($C0) 0% 128 ($80) 12 ($0C) 0%
SCLK = 1.8432MHz
Baud Rate BRR PR _ BRR PR _
(bps) Hexa‘de)cimal Hexa‘deiimal srer Hexa‘deiimal Hexa‘deéimal e
38.4K 1 ($01) 6 ($06) 0% 2 ($02) 3 ($03) 0%
19.2K 1 ($01) 12 ($0C) 0% 4 ($04) 3 ($03) 0%
14.4K 1 ($01) 16 ($10) 0% 4 ($04) 4 ($04) 0%
9600 1 ($01) 24 ($18) 0% 8 ($08) 3 ($03) 0%
4800 1 ($01) 48 ($30) 0% 16 ($10) 3 ($03) 0%
2400 1 ($01) 96 ($60) 0% 32 ($20) 3 ($03) 0%
1200 1 ($01) 192 ($C0) 0% 64 ($40) 3 ($03) 0%
600 2 ($01) 192 ($C0) 0% 128 ($80) 3 ($03) 0%

Figure 5.3 Baud Rate Setting Examples (2)
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6. Parallel Interface

6.1 Outline

This parallel interface uses a general-purpose, 16-bit I/O port where input or output can be specified for
each bit. Switching modes changes the interface to Centronics.

With the Centronics interface, the 16-bit data bus becomes an 8-bit data bus with up to five control
signal lines. At Centronics transmit, when the parallel interface receives 8-bit data from the MPU, the
parallel interface generates an external data strobe at a period previously programmed in an internal
register. At Centronics receive, 8-bit data are stored internally at the external data strobe, and the
parallel interface returns a BUSY signal.

The parallel interface generates three interrupts at Centronics transmit/receive.

6.2 Operating Mode
The parallel interface has three operating modes. Use the internal control register to select one of these
modes. Each mode can select one of several pin functions. Some modes can use some of the parallel
interface I/O port pins as a serial interface or as a Centronics response control signal.

Mode 0 16-bit bus (input/output operation)
Mode 1 8-bit bus (output operation) + control signal (Centronics output)
Mode 2 8-bit bus (input operation) + control signal (Centronics input)

6.2.1 Control Signal Automatic Generation Function
The parallel interface can generate signals at any timing when DSTB and ACK Centronics control
signals are programmed in the register. Two internal flags, XBUSY and BUFFER-FULL, are provided
for the parallel interface. Thus, the parallel interface can communicate with external devices of any
operating speed.

6.2.2 Interrupts
The parallel interface generates the following three interrupts.

At transmit ready (in mode 1)
At receive complete (in mode 2)
At external device status change (inmode 1: at FAULT input change)

6.2.3 Mode 0 Operation
In mode 0, the port operates as a 16-bit I/O port. Each parallel interface bit can be specified as either
input or output using the direction register. The input pins pass data received from an external source
through the internal buffer and set them in the data register. The output pins pass data from the data
register through the internal buffer and output them to external devices.
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6.2.4 Mode 1 Operation

Mode 1 operates as the Centronics output.

When the parallel interface receives data from the core processor, it stores the data in the internal
buffer and simultaneously generates DSTB at the timing specified in parameter registers 1 and 2. The
interface then receives a negated BUSY signal returned by the external device, and generates an
interrupt. To compensate for the delay of the external BUSY signal, an internal XBUSY flag is provided.
When data are stored in the internal buffer, the XBUSY flag is set. When an external ACK signal is
received, the flag is reset. The mode register selects the timing of the interrupt generation from either the
external BUSY signal falling edge, or the clearance of the internal XBUSY flag.

When PRIME and FAULT functions are added to the pins, PRIME is assigned to an output pin; FAULT,
to an input pin. They are used for the printer initialization signal and the printer abnormality detection
signal, respectively.

S0 1 S2 S3 S4 S5

S6  S7
ak _/\_/ /S S S S
as _/ \ /
— / \ /
DS —/ |/
RAW \ /
nNA L ar V4 \
DU~ 1D \ 7/
DATA1~8
<, e
XBUSY FLAG f l ) N
ACK Mala.,%1
uudy" ! . ‘\I—
___ N | —
DSTB \ Width*1 f

PRIME (PF1=1)

BUSY (PMO = 1) / XBUSY FLAG (PMO0 =0) *

=

\

*1:1CLK~128CLK

Figure 6.2 Centronics Output Timing
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6.2.5 Mode 2 Operation

Mode 2 operates as the Centronics input.

When the parallel interface receives a data strobe from an external source, it stores the data in the
internal buffer and simultaneously generates an interrupt and an external BUSY signal. Then, with a
read or dummy write from the core processor, the parallel interface returns an ACK signal externally
with the timing specified in parameter registers 1 and 2. To show that data have been received, an
internal BUFFER —FULL flag is provided. When data are stored in the internal buffer, this flag is set.
The BUFFER —FULL flag is reset when an external ACK signal is generated. The ACK signal ready
timing can be included in the BUSY signal ready timing by setting the mode register.

When PRIME and FAULT functions are added to the pins, PRIME is assigned to an input pin; FAULT,

to an output pin.

Note: Reading the lower byte of the parallel data register when not receiving data generates a receive
interrupt. Therefore, access the data register only after receive.

Accessing the upper byte only does not generate an interrupt.

S1 S2 S3 S4 S5 S6_ 57

SO
CLK / \ / \ / \ / \ / \ / \ / \
. \ / | N 4 \ \ /] \ / \ / |
AS \ /
— \ /
DS \ /
RAW
™~n ar ﬁ
DU~ 12 e/
DSTB (PM3 =0) \ 4
NCSTR (P2 = 1) \l V4
I\ IVIT = i Y /
DATA1~8 2 -
Ut‘ldy' I
ACK (PM2 =1)

BUSY (PM1 =0)

niicy

m
BUDSY (FIV

N

BUFFER FULL FLAG

‘r Width* 1}/
<—>|
) N

INT

Figure 6.3 Centronics Input Timing

*1:1CLK~128CLK
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6.3 Register Configuration

6.3.1 Parallel Direction Register
This register programs each bit of the 16-bit port for input or output. 1 specifies output; 0, input.

Offset 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
address T T T T T T T T T T T T
$100 |DR15 DR14 DR13 DR12|DR11 DR10 DR9 DR8 |DR7 DR6 DR5 DR4 |DR3 DR2 DR1 DRO| PDIR
1 1 1 1 1 1

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

6.3.2 Parallel Control Register
This register selects operating modes and pin functions. M0 and M1 specify operating modes. PF0 and

PF1 specify pin functions. The following diagram shows the relationship between operating modes and
pin functions.

Offet 7 6 5 4 3 2 1 0

address T T T T T T
$103 PF1 PFO M1 MO | PCR
Reset 0 ' 0 ' 0 ' 0 0 I 0 I 0 I 0
R R R R R : Read only
Mode 0 Mode 1 Mode 2
(M0=0,M1=0) (MO=1,M1=0) (MO=X,M1=1)
PF1=X PF1=0 PF1=1 PF1=0 PF1=1

PFO=0 PFO=1 | PFO=0 | PFO=1 | PFO=0 | PFO=1 | PFO=0 | PFO=1 | PFO=0 | PFO=1

1100 /00 DATA1 | DATA1 | DATA1 | DATA1 | DATA1 | DATA1 | DATA1 | DATA1

1101 I/01 DATA2 | DATA2 | DATA2 | DATA2 | DATA2 | DATA2 | DATA2 | DATA2

1/0 2 /0 2 DATA3 | DATA3 | DATA3 | DATA3 | DATA3 | DATA3 | DATA3 | DATA3

1103 1103 DATA4 | DATA4 | DATA4 | DATA4 | DATA4 | DATA4 | DATA4 | DATA4

I/0 4 /O 4 DATAS5 | DATAS | DATAS | DATA5 | DATA5 | DATA5 | DATAS | DATAS

1105 1105 DATA6 | DATA6 | DATA6 | DATA6 | DATA6 | DATA6 | DATA6 | DATA6

1106 /06 DATA7 | DATA7 | DATA7 | DATA7 | DATA7 | DATA7 | DATA7 | DATA7

1107 110 7 DATA8 | DATA8 | DATA8 | DATA8 | DATA8 | DATA8 | DATA8 | DATAS8

1108 1108 DSTB DSTB DSTB DSTB DSTB DSTB DSTB DSTB

1109 1109 BUSY BUSY BUSY BUSY BUSY BUSY BUSY BUSY
11010 1/0 10 ACK ACK ACK ACK ACK ACK ACK ACK
170 11 170 11 170 11 I/O11 | PRIME | PRIME | /O 11 I/011 | PRIME | PRIME
11012 1/0 12 1012 | 012 | FAULT | FAULT | ¥O12 | 11O12 | FAULT | FAULT
11013 CTS0 /0 13 CTs0 110 13 CTS0 110 13 TS0 /0 13 CTS0
110 14 DSRO /0 14 DSRO I/014 | DSRO 110 14 DSRO /014 | DSRO
110 15 DTRO I/0 15 DTRO I/015 | DTRO 11015 DTRO /015 | DTRO
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6.3.3 Parallel Status Register

This register stores the control signals used in mode 1 and 2 Centronics operation. Note that S0, S1, S4,
and S5 are valid only when PF1 of the control register is set to 1. SO to S3 store the control signals for
mode 1; S4 to S6, the control signals for mode 2. When an interrupt is generated in mode 1 or 2, the
interrupt flag (IF) is set to 1. If becomes into O after the interrupt acknowledge cycle. The IF remains set
to 1 until a reset is input.

All bits of the register can be read, but only the IF bit can be written. (However, 0 cannot be set before
the interrupt acknowledge cycle.)

Offet 7 6 5 4 3 2 1 0
address T T T T T T
$105 IF S6 S5 S4 [S3 S22 St SO | PSR

Reset 0 1 0 0 0 0 0 0
R R R R R R R R : Read only

IF: Interrupt flag (for modes 1 and 2 only)
0 : Nointerrupt
1 : Interrupt
S6: BUFFER —FULL flag (for mode 2 only)
0 : Buffer empty
1 : Buffer full
S5: PRIME input status (in mode 2 only)
S4: FAULT output status (in mode 2 only)
S3: XBUSY flag (in mode 1 only)
S2: BUSY input status (in mode 1 only)

S1: PRIME output status (in mode 1 only)

S0: FAULT input status (in mode 1 only)
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6.3.4 Parallel Command Register
The parallel command register sets the status of the output pins in modes 1 and 2, and enables or
enables/disables each of the three interrupts. The parallel interface ignores and does not retain an
interrupt request when the requested interrupt is disabled. To postpone an interrupt, use the mask
register in the interrupt controller.
CO0, IM1, and IM2 are valid in mode 1. C1 and IMS3 are valid in mode 2. However, C0, C1, and IM2 are
valid only when PF1 of the control register is set to 1.

Offet 7 ¢ 5 4 3 2 1 0
address T T T T
$107 M3 IM2 M1 C1 Cco PCMR

Reset 0 0 0 0 0 0 0 0

R : Read only

IM3: Receive complete interrupt mask flag (valid only in mode 2)
0 : Enablesreceive complete interrupt.
1 : Masksreceive complete interrupt.

IM2: External device status change interrupt mask flag (valid only in mode 1)
0 : Enables external device status change interrupt.
1 : Masksexternal device status change interrupt.

IM1: Transmitready interrupt mask flag (valid only in mode 1)
0 : Enablestransmit ready interrupt.
1 : Masks transmit ready interrupt.

C1 : FAULT output control (valid only in mode 2)
0 : Sets FAULT output level to 0.
1: Sets FAULT outputlevel to 1.

CO0 : PRIME output control (valid only in mode 1)
0 : SetPRIME output level to 0.
1: SetPRIME output level to 1.

Note 1: The PRIME output level changes when data are written to the parallel data register. (Figure 6.2)
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6.3.5 Parallel Mode Register
This register defines the relationship between the BUSY signal and the interrupt, and the relationship
between the BUSY signal and the ACK signal. In mode 1, PMO is valid. In mode 2, PM1, PM2, and PM3

are valid.

PM3

PMO

0:
1:

signal.

Offet 7 6 5 4 3 2 1 0

address T T T T T T
$109 PM3 PM2 PM1 PMO PMR
L L 1 1 1 1
Reset 0 0 0 0 0 0 0 0
R R R R R : Read only

DSTB edge definition
Loads data at DSTB rising edge.
Loads data at DSTB falling edge.

ACK generation control
A dummy write resets BUSY and generates the ACK signal.

(Using this option, assertion of ACK can be delayed by software control.)
A read resets BUSY and generates the ACK signal.

BUSY signal definition
ACK notincluded in BUSY signal.
ACK included in BUSY signal.

Transfer interrupt definition
Generates a transfer ready interrupt when XBUSY flag is cleared.
Generates a transfer ready interrupt at the falling edge of the external BUSY

6.3.6 Parallel Data Register
This register reads or writes data input/output from the I/O ports.
When a port is in input mode or during Centronics receive, data from an external source received by the
receive buffer are immediately passed to this register. Note that any data written to this register at this

time are ignored.

When a port is in output mode or during Centronics transmit, data written to the corresponding bit in
this register are output externally. If the register is read then, the data currently output to the port will

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

1 T
D15 D14 D13

T T 1
D12 D11 D10 D9 D8 | D7 D6 D5 D4 | D3 D2 D1 DO

PDR

be read.
Offset 15
address
$10A
Reset 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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6.3.7 Parallel Parameter Register 1
This register programs the delay time required for the Centronics interface to automatically generate
DSTB and ACK control signals. The register setting automatically generates the DSTB and ACK delay
time. The register indicates the number of DSTB delay clocks in mode 1, and the number of ACK delay

clocks in mode 2. The equation for calculating the delay time is as follows.

Delay = DT6 x 64 + DTb x 32 + DT4 x 16 + DT3 x 8 + DT2 x 4 + DT1 x 2 + DTO
Offet 7 6 5 4 3 2 1 0

address T T T T T
$10D DT6 DTS5 DT4|DT3 DT2 DT1 DTO PPR1
1 1 1 1 1

Reset 0 0 0 0 0 0 0 0
R R : Read only

6.3.8 Parallel Parameter Register 2
This register programs the delay time required for the Centronics interface to automatically generate
DSTB and ACK control signals. The register setting automatically generates the DSTB and ACK signal
width. The register specifies the width of DSTB in clocks in mode 1, and the width of ACK in clocks in
mode 2. The equation for calculating the width is as follows. This register is used together with parallel

parameter register 1.

Width = DW6 x 64 + DW6 x 32 + DW4 x 16 + DW3 x 8 + DW2 x 4 + DW1 x 2 + DWO

Offet 7 ¢ 5 4 3 2 1 0
address T T T T T
$10F DW6 DW5 DW4|DW3 DW2 DW1 DWO| PPR2

Reset 0 0 0 0 0 0 0 0
R R : Read only
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7. Timer

7.1 Outline

The timer consists of three independent channels, each with a 16-bit counter. Each channel has an 8-bit
prescaler (valid only when the system clock is used). Each channel generates interrupt requests. The
timer can cascade-connect the three channels for long counts.

Three independent channels each with a built-in 16-bit counter
Count data are readable

Generates interrupts for each channel

Software/hardware trigger

Programmable operating modes
Outputs any duty comparison waveform (channels 1 and 2 only)
Outputs one-shot pulse (channels 1 and 2 only)

Event count

Max. 8MHz count (at 16 MHz)

Figures 7.1 and 7.2 show the timer outline.

t t ¢4

TCRO

'

lck2,ck1, P4 [ P3 P2, P1, T2, T1 ,N/1,

g

T T T l‘
TR A

el
Y -_._- Tll\lTo

Yyvy l
CLK
———>| Prescaler
Input clock
TIN select circuit —
TOUTT ——> Count control
circuit
TOUT2 ——>
Select chO Register [—> TCRO
—_— 1 .
select I 5 tmcRro1
Al1~A4 c|rcu|t
- —> TCTRO
UDS, LDS, RF'W
ﬁ

16-bit counter

Y ¥

Compare circuit

MAX count register 01

TRACRN1
HIVIWRU I

Clear e
||
MY b b
vutput
control
circuit [>TOUTO

Figure 7.1 Timer Channel 0 Outline
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T T T T TCR1
1 1 T T T 1 1 I 1 T 1 1 1 1 T
lck2,ck1,Pa  P3 P2 P1 T2 T1 N/, RP MR2MRI, | INT, CS TS|

% ]
| Pl T
T ® Y — 1 <«®
— TINT1
. I_L)—»
—o<l ® L
MAX count register 12 *
TMCR12 W
CLK
———>1 Prescaler
Y / Y
{ \ Compare circuit
ock —>TOUT1
Input cloc Qutput
TIN select circuit TCTR1 . control
:l ) (LT PP OSSOSO UO SRRSO TS PROPRPRPOPOYS dircuit

TOUT) ———>] Count

control
TOLHT? ———— . .
it - circuit
Lompare circuit
A A A \
Select ch1 —> TCR1 —— - Y
— 5] MAX count register 11 T
Register }—— TMCR11 TMCR11
Al~Ad egister CLK
select
- ——» TMCR12
UDS, LDS, R'W circuit
e —> TCTR1
Note: Channel 2 has the same

' structure.
|—>

TCTR1 write signal

Figure 7.2 Timer Channel 1 Outline
7.2 Operational Description
Each channel internal counter is a 16-bit upcounter. Immediately the count value set 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.

7.2.1 Channel 0
Channel 0 has three registers: a (16-bit) control register, a (16-bit) count register, and a (16-bit) MAX
count register. The internal counter is a 16-bit upcounter. Immediately the count value set 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. This
channel can receive external clocks or external signals from external input pins (shared by channels 1 and

2), and can count up external events.
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7.2.2 Channels 1 and 2
Channels 1 and 2 have four registers: MAX count register 1 and 2, a control register, and a count
register. The internal counter is a 16-bit upcounter. Immediately the count value set 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. These
channels have external input pins (shared by channel 0) and external output pins, and can count up
external events and output any waveform.

7.2.3 Setting and Modifying Maximum Counts, Reading and Initializing 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.)

The count value can be read from the count register during a count.
While the count register is normally used for reading only, the register can be used to initialize the
timer to $0000 by writing any value to it. (channel 1, 2 only)

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 or
interrupts. Note the following when writing to a register during a count operation.

When the timer count a clock obtained by dividing the system clock by 2 using the 8-bit prescaler is
used for timer count, or when a TIN input clock half the frequency of the system clock is used for
timer count, the count match signal may not be generated and the counter value may reach $FFFF if
the register write signal and the count match signal (timer count value and MAX count register
value comparison match signal) are generated simultaneously in the same channel.

Counter value

$FFFF

MAX /

count value / / /l ,

Register : : 5
writesignal  ~ LI : [H| L
Count match I'I N n
signal A Not generated
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These conditions occur when a match signal and write signal occur simultaneously in the same
channel. For example, the above situation occurs when to a channel 0-related register is written to
at the same time as a channel 0 match signal is generated. However, this situation does not occur
when to a channel 1 register is written to at the same time a channel 0 match signal is generated.

To avoid this occurring, set the 8-bit prescaler divider ratio to 4 or higher. When using the TIN
input clock, set the clock to 1/4 the system clock frequency or lower. When using a clock obtained by
dividing the system clock by two, increase the interrupt priority level by program so that data are
written to the register immediately after the count match signal is generated rather than at the time
of the next match signal generation.

7.6 Timer Operating Mode

7.6.1 TIN Pin Function
The external input pin (TIN) can be used for inputting the external clock, and trigger and control
signals.
Signals input from TIN are all sampled at the rising edge of the system clock. Clocks and pulses input
from TIN must have a pulse width of one system clock cycle or more.

ak — A4 4 \

Internal TIN / /

Figure 7.3 TIN Timing

7.6.1.1 External Clock
The external clock (TIN) can be used as the count clock.

7.6.1.2 Count Control Signal
Count control functions include the count start function and count wait function. These are selected by
the count control register.
Count start function:
This function inputs a trigger signal from the external input pin (TIN). The count starts when the
trigger signal is set to low (falling edge). (Any input after the second input is ignored.)

AN
T// l// l// l// / U

Figure 7.4 Count Start Function
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7.7 Register Configuration

7.7.1 Timer Count Registers

The count values are read from these registers (TCTR1, TCTR2, and TCTR3). Only the upper byte or
the lower byte can be read, too. While the timer count registers are normally read-only, writing any value
to TCTR1 and TCTR2 initializes them to $0000. Writing any value to TCTRO does not initialize it.
Writing any value to TCTRO, TCTR1 and TCTR2 sets the timer control register CS bit to 1 and the TS bit

to 0, clears the counter, and sets the count operation to the wait state.

address

7.7.2 MAX Count Registers

address

Offiet 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 T T T 1
$20C | C15 C14 C13 C12|C11 C10 C9 (C8 | C7 C6 C5 C4 | C3 C2 Cco
1 1 1 1 L L L 1 1 1
Reset 0 0 0 O O 0 O 6o 0o o0 ©O0 O0 0 0 0 O
R R R R R R R R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
$22C | C15 C14 C13 C12|C11 C10 C9 (8 |C7 C6 C5 C4|C3 C2 C1 CO
o o o0 O o o0 O O 0 O O0 o0 O 0 0 o0
R R R R R R R R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T 1
$24C |C15 C14 C13 C12|C11 C10 C9 (€8 |C7 C6 C5 C4[C3 €2 C1 CO0
o o o0 O OoO o0 O O 0 O O0 o0 O 0o 0 o0
R R R R R R R R R R R R R R R R
The value written to the MAX count registers specifies the maximum count.
Offet 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
$204 |M15 M14 M13 M12|M11 M10 M9 M8 | M7 M6 M5 M4 [M3 M2 M1 MO
L L L 1 1 1 1 L L 1
Reset - - - - - - - - - - - - - - - -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T 1 1 T T T T 1
$224 |[M15 M14 M13 M12|M11 M10 M9 M8 |M7 M6 M5 M4 | M3 M2 M1 MO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T 1 1 T T T T 1
$244 |[M15 M14 M13 M12|M11 M10 M9 M8 |M7 M6 M5 M4 | M3 M2 M1 MO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T 1 T T T T T 1
$228 |[M15 M14 M13 M12|M11 M10 M9 M8 | M7 M6 M5 M4 | M3 M2 M1 MO
L L L i i L L Il 1 i
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T 1 1 T T T T 1
$248 |[M15 M14 M13 M12|M11 M10 M9 M8 |M7 M6 M5 M4 | M3 M2 M1 MO

TCTRO

TCTR1

TCTR2

: Read only

TMCRO1

IVIAA |
For chO

TMCR11
MAX1
For ch1

TMCR21

MMAY1
IVIAA ]

For ch2

TMCR12
MAX2
For ch1

TMCR22

MAYX?2
WWIRAALZ

For ch2
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7.7 Register Configuration

7.7.1 Timer Count Registers

The count values are read from these registers (TCTR1, TCTR2, and TCTR3). Only the upper byte or
the lower byte can be read, too. While the timer count registers are normally read-only, writing any value
to TCTR1 and TCTR2 initializes them to $0000. Writing any value to TCTRO does not initialize it.
Writing any value to TCTRO, TCTR1 and TCTR2 sets the timer control register CS bit to 1 and the TS bit

to 0, clears the counter, and sets the count operation to the wait state.

address

7.7.2 MAX Count Registers

address

Offiet 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 T T T 1
$20C | C15 C14 C13 C12|C11 C10 C9 (C8 | C7 C6 C5 C4 | C3 C2 Cco
1 1 1 1 L L L 1 1 1
Reset 0 0 0 O O 0 O 6o 0o o0 ©O0 O0 0 0 0 O
R R R R R R R R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
$22C | C15 C14 C13 C12|C11 C10 C9 (8 |C7 C6 C5 C4|C3 C2 C1 CO
o o o0 O o o0 O O 0 O O0 o0 O 0 0 o0
R R R R R R R R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T 1
$24C |C15 C14 C13 C12|C11 C10 C9 (€8 |C7 C6 C5 C4[C3 €2 C1 CO0
o o o0 O OoO o0 O O 0 O O0 o0 O 0o 0 o0
R R R R R R R R R R R R R R R R
The value written to the MAX count registers specifies the maximum count.
Offet 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
$204 |M15 M14 M13 M12|M11 M10 M9 M8 | M7 M6 M5 M4 [M3 M2 M1 MO
L L L 1 1 1 1 L L 1
Reset - - - - - - - - - - - - - - - -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T 1 1 T T T T 1
$224 |[M15 M14 M13 M12|M11 M10 M9 M8 |M7 M6 M5 M4 | M3 M2 M1 MO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T 1 1 T T T T 1
$244 |[M15 M14 M13 M12|M11 M10 M9 M8 |M7 M6 M5 M4 | M3 M2 M1 MO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T 1 T T T T T 1
$228 |[M15 M14 M13 M12|M11 M10 M9 M8 | M7 M6 M5 M4 | M3 M2 M1 MO
L L L i i L L Il 1 i
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T 1 1 T T T T 1
$248 |[M15 M14 M13 M12|M11 M10 M9 M8 |M7 M6 M5 M4 | M3 M2 M1 MO

TCTRO

TCTR1

TCTR2

: Read only

TMCRO1

IVIAA |
For chO

TMCR11
MAX1
For ch1

TMCR21

MMAY1
IVIAA ]

For ch2

TMCR12
MAX2
For ch1

TMCR22

MAYX?2
WWIRAALZ

For ch2
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7.7.3 Timer Control Registers
The control registers control the count operation. The registers consist of the following bits.

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

address T T T T T T T T T T
$200 |ck2 ck1 Pa P3| P2 P1 T2 T1 [N INT ¢ Ts |TCRO For
L L L L L L 1 1 | 1 niann&i v
Reset 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0
R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T 1 T 1 1 1 1 T 1 T TCR1 FOF
$220 | CK2 CK1 P4 P3 P2 P1 T2 T1 | N/1 R/P MR2 MR1 INT CS TS
i i i i i channel 1
0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
T T 1 1 1
$240 |ck2 ck1 P4 P3| P2 P1 T2 T1 [N RP MR2 MRI INT cs 75 |TCR2 For
L | 1 L L channel 2
0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
CK2,CK1 Set the input clock for the counter.
CK2 CK1 Input clock
0 0 System clock (CLK)
0 1 External clock (TIN pin)
1 0 For cascade connection
Channel 0 Channel 1 counter output
Channel 1 Channel 0 counter output
Channel 2 Channel 0 counter output

For cascade connection

Channel 0
Channel 1

Channel 2 counter output
Channel 2 counter output

rautnot
T L

Quilpu

Note: Other timer outputs 1 and 2 are for cascade connection.
P4,P3,P2,P1: Set prescaler divider ratio.
Valid only when the system clock (CLK) is used as the input clock. (Not required if other input

clock is used.)

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

0 0 1 0 14

0 0 1 1 1/8

0 i 0 0 /16

0 1 0 1 1/32

0 1 1 0 1/64

0 1 1 1 17128

1 X X X 1/256

X: Anyvalue

301A-67



TOSHIBA

TMP68301A

T2,T1: Countmode selection

T2 T1 Function select

0 0 When an external clock is used or when count
controi is not used

1 0 Useg the count start function. (\When
| v uses tne countstart tunction. (ywnen

repeatedly using this function, first change the
setting to another vaiue then return to this

setting.)
1 1 Uses the count wait function.
N/1 :  Repeat specification

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

When the MAX count value is reached, the CS bit is set to 1 and the TS bit to 0,

ending the count operation.
1: Repeats count operation. (Repeat)

R/P : Output signal control (channels 1 and 2 only)
0 : Generates a pulse as the output signal. (pulse)
1 : Inverts the output level. (level inversion)

MR2,MR1 : MAX countregister setting

Note :

MR2 | MR1 MAX count register select
0 1 MAX1
1 0 MAX2
1 1 MAX1 and MAX2 alternately
INT : Interruptrequest bit

0 : No interrupt request
1 :Interrupt request signal

CS :  Count clock input control
0 : Inputs count clock to counter. (Starts count operation.)
1: Does not input count clock to counter. (Stops count operation.)

TS : Timer operation setting
0 : Clears counter.
1: Releases clear state.

As channel 0 does not have a waveform output function, the channel 0 control register has no

functions based on R/P, MR2, or MR1.
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Count Wait Function

This function inputs the control signal from the external input pin (TIN). The count is performed while
the control signal is low. When the control signal is high, the count is stopped. When the control signal
goes low again, the count resumes. (If the counter is not cleared, the count continues from the previous
value.)

Counter value
/ | /] |/
Vi v

No counting | Counting No counting Counting | No counting Counting

TIN

Figure 7.5 Count Wait Function

7.6.2 Count Clock Selection
The maximum count frequency is 8MHz. Therefore, use an external clock of 8MHz or less. As the
prescaler divides the frequency by two or more, the maximum frequency is never exceeded when the
system clock is used.
The count clock can be either the system clock, an external clock, or the output of another counter.
Select the count clock when the counter is stopped.

7.6.3 TOUT Pin Function
The external output pin (TOUT) is used to output a pulse or square wave. The device can be set to either
generate a pulse or invert the output level at a count match. By using two MAX counter registers, any
square wave can be generated.
The signals output from TOUT (pulse generation or output level inversion timing) are synchronized
with the rising edge of the system clock. If a pulse is generated, the pin, which is normally low, goes high
for the duration of one clock at a count match. TOUT is low after a reset.

CLK_A_\?(\fj\_fg_\_

TOUT }

Figure 7.4 TOUT Timing

7.6.4 MAX Count Register Setting
Each channel has two MAX registers (henceforth, MAX1 and MAX2). Either register can be used
individually or both registers can be used alternately. Control register settings specify how the MAX
count registers are used.
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7.8 TOUT Initialization Function

With TMP68301A, use of timer output state or MAX count register is initialized by software.

Initialize by writing any value to the timer count register. (Writing any value has no effect other than
initialization.) After initialization, the timer output is low and operation is set to start from MAX count
register 1. Channels 1 and 2 can be initialized separately.

When the count operation is temporarily stopped (by setting the CS bit of the timer count register to 1)
then restarted (by setting the CS bit to 0), TMP68301A stores the TOUT state and the MAX count register
being used. Therefore, counting restarts from the stopped state. (Operation example 1)

When the TMP68301A initialization function temporarily stops the count operation and performs
initialization, the function sets TOUT to low and selects MAX count register 1 as the initial state, as
shown in operation example 2.

Counter value
Restart (CS bit = 0)

MAX2

MAX1 - ,/
Temporary stop
(CSbit =1)

1 IW
N

Time

Tour — | — — L

Timer Operation Example 1

Counter value

MAX2 / P /
MAX1 | /£ | /L | L

/I / /l / ALy /l / /

L V_ I A 4 4

Temporary stop — A __ Time

(CSbit=1) Initialization
(Write any value to TCTRx.)

Tour — | | N I

2Timer Operation Example 2
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8. Internal Peripheral Circuit Register Map

8.1 Register map (1)

(O Address decoder QO Interrupt controller
Offset Offset Offset Offset
address 15 ————------ 87 ————————- 0 address address 15 ——————---- 87 ——m————--— 0 address
$000 | AMARO AAMRO $001 $080 ICRO $081

oo [ A e w cons
$006 AACR1 $007 $086 /Qé//// ICR3 $087

$008 AACR2 $009 $088 ICR4 $089
$00A ATOR $008B $08A ICR5 $088B
$00C ARELR $00D $08C iCR6 $08D
$00E $00F $08E ICR7 $08F
$090 ICR8 $091
$092 ICR9 $093
$094 IMR $095
$096 IPR $097
$098 IISR $099
$09A IVNR $098
$09C IEIR $09D
$09E $09F

QO Parallel interface

Offset Offset
address 15 —————--—- 87 ——m—————- 0 address
$100 PDIR $101
$102 PCR $103
$104 PSR $105
$106 //////// PCMR $107
$108 PMR $109
$10A PDR $10B
$10C PPR1 10D
$10E / PPR2 $10F
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(O O 1
ffffffffffff Off
--------------------------------------------------------------------------

SMRO $20

182 ' ' ) SCMRO $20

184 SBRRO | %85 %2047  TMCROI $20

86 SSRO
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20 //////// SMR1
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8.2 Register map (2)
(O Address Decoder

Offset Databus Upper bytes : 15-8 (even-numbered addresses)
Symbol Name Lower bytes : 7-0 (odd-numbered addresses)
address
AR
Memory Address $000 A23 A2 A2l A0 | A19 A8 AI7  Al6
AMARO Register 0 : : ' :
0 i 0 0 0 i 0 0 0 i 0
For CSO R/W
T T T T T T
Address Mask $001 M21  M20  M19  M18 | M17  M16 M15-M9 M8
AANMRO Register 0 1 L . 4 L L
1 A S T IS R 1
Earrcn - - -
LAV AR S LV R/W
— T T T -
Area Control EN ED ID WAII
AACRO Register 0 $003 : ! : l
0 : 0 1 : 1 : 1 : 1 0 1
For CSO R RIW
Memory Address £004 A23 | A2 A21 A2 | A19  A18  A17  Al6
AMAR1 Register 1 b L : | L | 1
For CS1 R/W
Address Mask $005 M21  M20  M19 M8 | M7 . MI6 MIS-M9 M8
AAMR1 Register 1 g : : g : g
For CS1 R/W
Area Control €007 EN I ED ' ID WAIT
AACR1 Register 1 T g : ' :
o i o0 o i 1 i 1 i o 0 0
For CS1 R RIW
T
Area Control | ED D | WAIT
AACR2 Register 2 $009 : g :
0 0 o i 1 i 1 i 0 0 0
For IACK cycle R R/W
T T T
i 2 2
ATOR ;:;?Sg:t $00B | 256 128 6 3
0 0 0 0 1 1 0 {0 i 0
For BERR generation RAW
Relocaton $00C A23 A2 A2 A2 | A19 A8 A7  Al6
ARELR Register g ' : . . L
1 LA S TR ERE SR TS RS
RIW
T T T T
$00D A15 ! Al4 A13 ! A12 A1 ! A10 .
1 101 1 i T 0o i o0
For internal registers RIW R
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O Interrupt controller (1)

Offset Databus Upper bytes : 15-8 (even-numbered addresses)
Symbol Name address Lower bytes : 7-0 (odd-numbered addresses)
157 | 146 | 15 | 124 | 13 | 102 | s | 80
Interrupt Control $081 | vV RF  LE Level
ICRO Register 0 ’ : : : r
o ¢ 0 : 0 0 o i 1 1T
For external interrupt : : : :
(INTO) R g RIW
T T T
Interrupt Control $083 | \ R/F /E Level
ICR1 Register 1 - : ; g : .
o : 0 { © 0 0 1 1 : 1
For external interrupt - . - -
(INT1) R : RIW
o P | W L L K .
interrupt Controi $085 \ R/F LE Levei
ICR2 Register 2 —— | — - -
0 : 0 0 : 0 : 0 : i i i
For external interrupt - -
(INT2) R R/W
Interrupt Control $087 I Level
ICR3 Register 3 :
0 0 0 0 e i 1 1 1
For serial chO :
(INT3) R : RIW
Interrupt Control 4089 ! Level
ICR4 Register 4 ; :
0 0 0 0 0 : 1 1 : 1
For serial ch1 :
(INT4) R R/W
Interrupt Control $08B Level
ICRS Register 5 : -
) 0 0 0 0 o 1 1T
For timer ch2 : :
(INT5) R RIW
Interrupt Control $08D | Level
ICR6 Register 6 :
0 0 0 0 o i 1 1 1
For paraiiel ;
(INT6) R : RIW
|
(R nnrte.rrr.q pt_' Control $08F | Level
IR/ Register 7 : :
0 0 0 0 0o : 1 1T i
Fortimer ch0 : :
(INT7) R : RIW
Interrupt Control $091 | Level
ICR8 Register 8 :
0 0 0 0 o i 1 1 1
For timer ch1 :
(INT8) R : RIW
1
Interrupt Control $093 Level
ICR9 Register 9
0 0 0 0 0 1 1 1
For timer ch2
(INT9) R R/W
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9.

9.1

Electrical Characteristics

This section describes the electrical characteristics and timings of TMP68301.

Maximum Ratings

Rating
Parameter Symbol Un
TMP68301A
Power supply \ee -N2Atn + £ 8 \/
voltage
Input voltage Vin -0.3to +6.5
eratin
Operating Ta Oto +70 °C
temperature
rage
~ Storag Tstg —55t0 +150 °C
temperature

While this device includes input
Unit protection circuits against high-voltage
static electricity or damage from electric
fields, avoid using a voltage higher than
the maximum rating. Connect input pins
v not in use to GND or VCC.
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9.2 DC Characteristics

(GND=0V, Ta=0t070°C)

Parameter Symbol Vec=5.0V+5% Unit
Min Max
Supply voltage Vee 4.75 5.25
High-level input voltage  Except CLK ViH 2.0 Vee
CLK 2.2 Vee
I~ | PN B P Cyurnm+ Il 7 \7’ MAINN. N 2 no \7’
LOW-ICVCT ITTIpUL Vol ayc CACCPLLCLN VIL QUNW-V.O V.0 v
CLK GND-0.3 0.6
Input leakage current BERR, BGACK, BR, Iin - 25 LA
(5.25V) DTACK, CLK, HALT, RESET, - 25
NOR/EMU, TIN, - 20
INTO to INT2, RxDO to RxD2
Tri-state (off state) (2.4V/0.4V) Its) #A
input current AS, A1to A23,D0to D15, - 20
FCO to FC2, LDS, UDS, - 20
R/W, 100101015 - 20
High-level output voltage AS, A1toA23,D 0 D15, Vou - \Y
(IOH = — 400 pA) BGico to FC2, [DS, UDS, Vcc-0.75 -
R/W, Vcc-0.75 -
I00to 1015, TOUT1, TOUT2, Vee-0.75 -
€S0, CS1, RTSO, Vee-0.75 -
INTO to INT2, TxDO to TxD2
Low-level output voltage VoL Y
(IOL=1.6 mA) HALT - 0.5
(IOL=3.2mA) A1toA23,BG, FCOto FC2 - 0.5
(IOL=1.6 mA) RESET - 0.5
(ICL=5.3mA) AS, DO to D15, LDS, UDS, - 0.5
R/W,
i00to 1015, TOUT1, TOUT2,
€S0, CS1, RTSO,
DTACK, BERR,
INTO to INT2, TxDO to TxD2
Current dissipation f=12.5MHz In - 90 mA
f=16.67 MHz - 100
Power dissipation f=12.5MHz Po - 0.473 w
f=16.67 MHz - 0.525
Input capacitance Cin - 20.0 pF
(Vin=0V, Ta=257C:
Frequency = 1 MHz)*
Load capacitance HALT C - 70 pF
Other pins - 130
*:  Input capacitance is periodically sampled rather than 100 % tested.
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AC Electrical Characteristics (vCC=5.0V + 5 %)

r Driveto 2.4V
— o

;r‘z.ov \ /. X220V
CLK 0.8 V4 \n-O.BV

—f N—— S—
I S
Drive to "
0.5V
—>| B |=<
Relationship =7 -
Valid 20V m 20V Valid
between output [, g gy.| L 0.8V | outputn+1
and (1) (LK ———— et/ «— A —>
—p| B |-
Relationship valid 2.0V 'm 20V valid
between output outputn 0.8V EX////N 0.8V  outputn+1
and (2) CLK
|j«— C —>|e— D —>
. . Driveto —»
emmaenops 24V AR 7/
s 2 73 novs Py novs
between input . . nput U.8 V_§¢
andInputs (3) CLK (I)Jrsn(/eto —> —

l«— C —>|«— D —4
Relationship m 20V vaig 20V ~<—Driveto 2.4V

between input 0.8V input 0.8V
() CLK ' = ~—Driveto 0.5V

Relationship 777\ 7

between signals ®
ol 2UN

on
o O
< <

M

X oav

A : Maximum output delay

B : Minimum output hold time

C: Minimum input setup time

D : Minimum input hold time

E: Signal ® valid - signal ® valid time

F: Signal ® valid - signal ® invalid time
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9.3 ACElectrical Characteristics - Clock Timings

VCC=50V*5%

See Figure 9.1.
GND=0V, Ta=0to70°C

Parameter Symbol 12.5 MHz 16.67 MIHz Unit
Min Max Min Max
Operating frequency f 4.0 5 8.0 16.67 MHz
Cycletime teyc 80 0 60 125 ns
Clock pulse width tCL 35 125 27 62.5 ns
tCH 35 125 27 62.5
Rise and fall times tCr - - 5 ns
tCf - - 5
tecyc
tCL tCH
YA[ X f
tCf

A

Note: Unless otherwise specified, timings are measured between a low voltage of 0.8 V and a high
voltage of 2.0 V. 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 9.1

Clock Input Timing
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9.4 ACElectrical Characteristics - Read and Write Cycles (1/4)

(Vec=5.0V+5%, GND=0V, Ta=0to70°C; See figures 9.2 and 9.3.)

Number Parameter Symbol 12.5 MHz 16.67 MHz Unit
Min. | Max. | Min. | Max.
1 Clock cycle tCYC 80 250 60 125 ns
2 Clock width at low tCL 35 125 27 62.5 ns
3 Ciock width at high tCH 35 i25 27 62.5 ns
4 Clock fall time tCf - 5 - 5 ns
5 Clock rise time tCr - 5 - 5 ns
6 Clock low to address valid tCLAV - 50 - 50 ns
6A Clock high to FC valid tCHFCV - 45 - 45 ns
7 Clock high to address, data bus tCHADZ B 60 B 50 ns
high impedance (maximum)
8 Clock hl?h to address, FC {CHAFI 0 _ 0 _ ns
invalid (minimum)
91 Clock high to AS, DS low tCHSL 3 40 3 40 ns
Address valid to AS, DS low
112 | (read)/Address valid to AS low | tAVSL 15 - 15 - ns
(write)
, | FCvalid to AS, DS low (read)/FC
1Az |T-7C P 2 TOT TR tFCVSL 60 - 30 - ns
valid to AS low (write)
121 | Clock low to AS, DS high tCLSH - 40 - 40 ns
.., |AS, DS high to address/FC . . n
i32 i . = tSHAFI 20 - i0 - ns
invalid
142 AS, DS width low (read)/AS +SL 160 _ 120 B ns
width low (write)
14A2 | DS width low (write) tDSL 80 - 60 - ns
152 | AS, DS width high tSH 65 - 60 - ns
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9.4 ACElectrical Characteristics - Read and Write Cycles (2/4)

(Vec=5.0VE5%, GND=0V, Ta=0t070°C; See figures9.2 and 9.3)

Number Parameter Symbol 12.5 MHz 16.67 MIHz Unit
Min. | Max. | Min. | Max.

16 .Clock high to control bus high tCHCZ _ 60 _ 50 ns
impedance

172 | AS, DS high to RW high (read) tSHRH 20 - 10 - ns

181 | Clock high to RAW high tCHRH 0 40 0 40 ns

201 | Clock to RAW low (write) tCHRL 0 40 0 40 ns

20A26 | ASlow to RW valid (write) tASRV - 10 - 10 ns

Address vaiid to RW low

212 | (write), tAVRL 0 - 0 - ns
FC valid to R/W low (write)

21A2 | FCvalid to R/W low (write) tFCVRL 30 - 20 - ns

222 R/W low to DS low (write) tRLSL 30 - 20 - ns

. Clock low to data out valid o o cn

23 ) tCLDO - 50 - 50 ns
(write)

252 AS, DS high to data out invalid SHDO! 20 _ 15 _ ns
(write)

262 | Data out valid to DS low (write) tDOSL 20 - 15 - ns

275 Data in to clock low (setup time DICL 10 _ 7 _ ns
on read)

282 AS, DS high to DTACK high tSHDAH 0 150 0 110 ns

29 AS, DS negate to data invalid tSHDII 0 _ 0 _ ns
(hold time for read)
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9.4 ACElectrical Characteristics - Read and Write Cycles (3/4)

(Vec=5.0V+5%, GND=0V, Ta=01070°C; See figures 9.2 and 9.3))

Number Parameter Symbol 12.5 MHz 16.67 MHz Unit
Min. | Max.
30 AS, DS high to BERR high SHBEH 0 _ 0 _ ns
3125 DTACK low setup time (input tDALDI B 50 B 40 ns
data)
32 | HALT andRESETinput twRHr, f | 0o | 200 | o | 150 | ns
transition
33 Clock high to BG low tCHGL - 40 - 40 ns
34 | Clock hightoBG high tCHGH - 40 - 40 ns
_ _ Cik.
35 BR low to BG low tBRLGL 1.5 3.5 1.5 35 P
Per.
_ __ Clk.
367 BR high to BG high tBRHGH 1.5 35 1.5 3.5 P
er.
. EE AR BE L PR - . c o Clk
37 BGACK iow to BG high tGALGH i.5 35 1.5 35 b
er.
. 1.5 1.5
37A8 | BGACK low to BR high tGALBRH 20 10 ns
Clocks Clocks
38 ‘BG I<.>v‘v “co. contr-ol, adfi_r_?{fsf dﬁta tGLZ _ 60 _ 50 ns
bus, high impedance (AS high)
= . Clk.
39 BG width high tGH 1.5 - 1.5 - b
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9.4 ACElectrical Characteristics - Read and Write Cycles (4/4)

(Vec=5.0V+5%, GND=0V, Ta=0to70°C; See figures 9.2 and 9.3.)

Number Parameter Symbol 12.5 MHz 16.67 MHz Unit
Min. | Max. | Min. | Max.
. Clk.
46 BGACK width low tGAL 1.5 - 1.5
Per.
475 | Asynchronous input setup time tASI 10 - 10 - ns
4823 | BERR low to DTACK low tBELDAL 20 - 10 - ns
53 Clock high to data out invalid tCHDO! 0 - 0 - ns
55 | RAW low to data bus drive {RLDBD 10 - 0 - ns
S . Cik.
564 HALT / RESET pulse width tHRPW 10 - 10 - P
er.
BGACK high to AS, DS, RW clk
57 ] 2 e tGASD 1.5 - 1.5 - ’
drive Per.
—— . Clk.
587 | BR high to control bus drive tRHSD i.5 - 1.5 - N
er.
1. For a loading capacitance of less than or equal to 50 picofarads, subtract five

nanoseconds from the value given in the maximum columns.

Actual value depends on clock cycle.

If #47 is satisfied for both DTACK and BERR, #48 may be 0 nanoseconds.

At power on, hold RESET and HALT into low status for 1 to 100 microseconds 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 clock-low setup time (#27) requirement for the following cycle.

When AS and R/W are equally loaded (£20 %), subtract ten nanoseconds (8-12.5 MHz)
or five nanoseconds (16.67 MHz) 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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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing
specifications. They are not intended as a functional description of the input and output signals.
Functional descriptions and their related device operation diagrams are given elsewhere.

SO S1 S2 S3 S4 S5 S6 S7 <
S\ b/ I\ I\ _lm L:ﬂ
X/ 7/ ) / ¥/
<—® -
1

® o

i
T
®
l
f
©

e
)
T
Dl

BRIl

—t
18) = I®
R/W j
fz'g
— @ & |
DTACK }(
O @
Data in @
— <—@ — I (30
BERR/BR ‘-t 7
(Note 2) f o

o= e

HALT /RESET ‘\k g5621 >

Asynchrono E

us inputs 4
(Note 1)
Notes:

1. Asynchronous input BGACK is detected at the clock's falling edge.

2. Itisnecessary to assert at this timing only if BR is recognized at the end of this bus cycle.

3. Unless otherwise specified, timings are measured between a low voltage of 0.8 V and a high
voltage of 2.0 V. 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 9.2 Read Cycle Timing Diagram
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing
They are not intended as a functional description of the input and output signals.

specifications.

Functional descriptions and their related device operation diagrams are given elsewhere.

S6

S7

SO S1 S2 S3 sS4 S5 @-» ~_ 4_@
CLK _7"‘- \ f \ 7’: 3 / \ y ] e

O ¢ O
FCO~FC2

®— ®
A1~A23 C

O . n O

AS ®@ dﬁi— =

® — & (D> —H—®

LDS/UDS _Z_ 1D —! [4—G» X 148 .
—> @ @ 21) > <—@—>
R/W 7 \ /
21A — @ @ |
DTACK 5._) ‘;@_" \ j’

@—» | «— @-» le— —> @ -‘ :f@@

Data out 7 ~
— <—@ —> <—(30
BERR/ ‘B‘zﬁ) @ ~ X y
@ J & —)f'@
HALT /RESET 3&‘ \/1 'J'F'
—> @)

Acrvime |2 e e e TS
ASynenronous

inputs

(Note 1)

Notes:

1. Unless otherwise specified, timings are measured between a low voltage of 0.8 V and a high
voltage of 2.0 V. 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.

the rising edge of S2 (#20A).

Figure 9.3 Write Cycle Timing Diagram

Because of loading variations, R/W may become valid after AS even though both are asserted at
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9.4 ACElectrical Characteristics - Read and Write Cycles (1/4)

(Vec=5.0V+5%, GND=0V, Ta=0to70°C; See figures 9.2 and 9.3.)

Number Parameter Symbol 12.5 MHz 16.67 MHz Unit
Min. | Max. | Min. | Max.
1 Clock cycle tCYC 80 250 60 125 ns
2 Clock width at low tCL 35 125 27 62.5 ns
3 Ciock width at high tCH 35 i25 27 62.5 ns
4 Clock fall time tCf - 5 - 5 ns
5 Clock rise time tCr - 5 - 5 ns
6 Clock low to address valid tCLAV - 50 - 50 ns
6A Clock high to FC valid tCHFCV - 45 - 45 ns
7 Clock high to address, data bus tCHADZ B 60 B 50 ns
high impedance (maximum)
8 Clock hl?h to address, FC {CHAFI 0 _ 0 _ ns
invalid (minimum)
91 Clock high to AS, DS low tCHSL 3 40 3 40 ns
Address valid to AS, DS low
112 | (read)/Address valid to AS low | tAVSL 15 - 15 - ns
(write)
, | FCvalid to AS, DS low (read)/FC
1Az |T-7C P 2 TOT TR tFCVSL 60 - 30 - ns
valid to AS low (write)
121 | Clock low to AS, DS high tCLSH - 40 - 40 ns
.., |AS, DS high to address/FC . . n
i32 i . = tSHAFI 20 - i0 - ns
invalid
142 AS, DS width low (read)/AS +SL 160 _ 120 B ns
width low (write)
14A2 | DS width low (write) tDSL 80 - 60 - ns
152 | AS, DS width high tSH 65 - 60 - ns
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9.4 ACElectrical Characteristics - Read and Write Cycles (2/4)

(Vec=5.0VE5%, GND=0V, Ta=0t070°C; See figures9.2 and 9.3)

Number Parameter Symbol 12.5 MHz 16.67 MIHz Unit
Min. | Max. | Min. | Max.

16 .Clock high to control bus high tCHCZ _ 60 _ 50 ns
impedance

172 | AS, DS high to RW high (read) tSHRH 20 - 10 - ns

181 | Clock high to RAW high tCHRH 0 40 0 40 ns

201 | Clock to RAW low (write) tCHRL 0 40 0 40 ns

20A26 | ASlow to RW valid (write) tASRV - 10 - 10 ns

Address vaiid to RW low

212 | (write), tAVRL 0 - 0 - ns
FC valid to R/W low (write)

21A2 | FCvalid to R/W low (write) tFCVRL 30 - 20 - ns

222 R/W low to DS low (write) tRLSL 30 - 20 - ns

. Clock low to data out valid o o cn

23 ) tCLDO - 50 - 50 ns
(write)

252 AS, DS high to data out invalid SHDO! 20 _ 15 _ ns
(write)

262 | Data out valid to DS low (write) tDOSL 20 - 15 - ns

275 Data in to clock low (setup time DICL 10 _ 7 _ ns
on read)

282 AS, DS high to DTACK high tSHDAH 0 150 0 110 ns

29 AS, DS negate to data invalid tSHDII 0 _ 0 _ ns
(hold time for read)
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9.4 ACElectrical Characteristics - Read and Write Cycles (3/4)

(Vec=5.0V+5%, GND=0V, Ta=01070°C; See figures 9.2 and 9.3))

Number Parameter Symbol 12.5 MHz 16.67 MHz Unit
Min. | Max.
30 AS, DS high to BERR high SHBEH 0 _ 0 _ ns
3125 DTACK low setup time (input tDALDI B 50 B 40 ns
data)
32 | HALT andRESETinput twRHr, f | 0o | 200 | o | 150 | ns
transition
33 Clock high to BG low tCHGL - 40 - 40 ns
34 | Clock hightoBG high tCHGH - 40 - 40 ns
_ _ Cik.
35 BR low to BG low tBRLGL 1.5 3.5 1.5 35 P
Per.
_ __ Clk.
367 BR high to BG high tBRHGH 1.5 35 1.5 3.5 P
er.
. EE AR BE L PR - . c o Clk
37 BGACK iow to BG high tGALGH i.5 35 1.5 35 b
er.
. 1.5 1.5
37A8 | BGACK low to BR high tGALBRH 20 10 ns
Clocks Clocks
38 ‘BG I<.>v‘v “co. contr-ol, adfi_r_?{fsf dﬁta tGLZ _ 60 _ 50 ns
bus, high impedance (AS high)
= . Clk.
39 BG width high tGH 1.5 - 1.5 - b
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9.4 ACElectrical Characteristics - Read and Write Cycles (4/4)

(Vec=5.0V+5%, GND=0V, Ta=0to70°C; See figures 9.2 and 9.3.)

Number Parameter Symbol 12.5 MHz 16.67 MHz Unit
Min. | Max. | Min. | Max.
. Clk.
46 BGACK width low tGAL 1.5 - 1.5
Per.
475 | Asynchronous input setup time tASI 10 - 10 - ns
4823 | BERR low to DTACK low tBELDAL 20 - 10 - ns
53 Clock high to data out invalid tCHDO! 0 - 0 - ns
55 | RAW low to data bus drive {RLDBD 10 - 0 - ns
S . Cik.
564 HALT / RESET pulse width tHRPW 10 - 10 - P
er.
BGACK high to AS, DS, RW clk
57 ] 2 e tGASD 1.5 - 1.5 - ’
drive Per.
—— . Clk.
587 | BR high to control bus drive tRHSD i.5 - 1.5 - N
er.
1. For a loading capacitance of less than or equal to 50 picofarads, subtract five

nanoseconds from the value given in the maximum columns.

Actual value depends on clock cycle.

If #47 is satisfied for both DTACK and BERR, #48 may be 0 nanoseconds.

At power on, hold RESET and HALT into low status for 1 to 100 microseconds 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 clock-low setup time (#27) requirement for the following cycle.

When AS and R/W are equally loaded (£20 %), subtract ten nanoseconds (8-12.5 MHz)
or five nanoseconds (16.67 MHz) 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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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing
specifications. They are not intended as a functional description of the input and output signals.
Functional descriptions and their related device operation diagrams are given elsewhere.

SO S1 S2 S3 S4 S5 S6 S7 <
S\ b/ I\ I\ _lm L:ﬂ
X/ 7/ ) / ¥/
<—® -
1

® o

i
T
®
l
f
©

e
)
T
Dl

BRIl

—t
18) = I®
R/W j
fz'g
— @ & |
DTACK }(
O @
Data in @
— <—@ — I (30
BERR/BR ‘-t 7
(Note 2) f o

o= e

HALT /RESET ‘\k g5621 >

Asynchrono E

us inputs 4
(Note 1)
Notes:

1. Asynchronous input BGACK is detected at the clock's falling edge.

2. Itisnecessary to assert at this timing only if BR is recognized at the end of this bus cycle.

3. Unless otherwise specified, timings are measured between a low voltage of 0.8 V and a high
voltage of 2.0 V. 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 9.2 Read Cycle Timing Diagram

301A-88



TOSHIBA

TMP68301A

These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing
They are not intended as a functional description of the input and output signals.

specifications.

Functional descriptions and their related device operation diagrams are given elsewhere.

S6

S7

SO S1 S2 S3 sS4 S5 @-» ~_ 4_@
CLK _7"‘- \ f \ 7’: 3 / \ y ] e

O ¢ O
FCO~FC2

®— ®
A1~A23 C

O . n O

AS ®@ dﬁi— =

® — & (D> —H—®

LDS/UDS _Z_ 1D —! [4—G» X 148 .
—> @ @ 21) > <—@—>
R/W 7 \ /
21A — @ @ |
DTACK 5._) ‘;@_" \ j’

@—» | «— @-» le— —> @ -‘ :f@@

Data out 7 ~
— <—@ —> <—(30
BERR/ ‘B‘zﬁ) @ ~ X y
@ J & —)f'@
HALT /RESET 3&‘ \/1 'J'F'
—> @)

Acrvime |2 e e e TS
ASynenronous

inputs

(Note 1)

Notes:

1. Unless otherwise specified, timings are measured between a low voltage of 0.8 V and a high
voltage of 2.0 V. 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.

the rising edge of S2 (#20A).

Figure 9.3 Write Cycle Timing Diagram

Because of loading variations, R/W may become valid after AS even though both are asserted at
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9.5 AC Electrical Characteristics - Bus Arbitration
(Vcc=5.0V*5%, GND=0V, Ta=0to 70 °C; Figure 9.4)

Number Parameter Symbol 12.5 MHz 16.67 MIHz Unit
Min. Max. Min. Max.
7 Clock high to address, data bus tCHADZ _ 60 _ 50 ns
high impedance
lock high t trol high
16 | Clock high to control bus high| -, - 60 - 50 | ns
Iimpedance
33 | Clock high to BG low tCHGL - 40 - 40 ns
34 | Clock high to BG high tCHGH - 40 - 40 ns
_ _ Clk.
35 BR low to BG low tBRLGL 1.5 3.5 1.5 3.5 p
er.
. . Clk.
36" |BRhightoBG high tBKHGH 1.5 35 1.5 35 oo
r<n.
Y " d . Cik.
37 BGACK low to BG high tGALGH 1.5 35 1.5 35 p
er.
. 1.5 1.5
37A2 [ BGACK low to BR high tGALBRH 20 10 ns
Clocks Clocks
e BG low to control, address, data o —~ »
38 . R tGLZ - 60 - ns
bus high impedance (AS high)
39 BRG width high tGH 15 _ 15 Clk.
39 G wid s} tG 5 5
Per.
e Clk.
46 BGACK width low tGAL 1.5 - 1.5
Per.
a7 Asynchronous input setup time tASI 10 - 5 ns
57 | BGACK high to control busdrive | tGABD | 1.5 - 15 ;”‘
er.
— Clk.
581 | BG high to control bus drive tGHBD 1.5 - 1.5 p
er.

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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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing
specifications. They are not intended as a functional description of the input and output signals.
Functional descriptions and their related device operation diagrams are given elsewhere.

Strobe,
RAW / N—

BR ~ )\ ~ .

BGACK Vi

o~ =f®
CLK "/ /L

Note: Asynchronous inputs BERR, BGACK, BR, and DTACK are detected at the clock's falling
edge.

Figure 9.4 Bus Arbitration Timing Diagram

When the external bus master accesses the registers of internal devices, addresses, data, and control
signals must be input in accordance with the read/write cycle timing.
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9.6 ACElectrical Characteristics - Peripherals

(Vcc=5.0V+5%, GND=0V, Ta=0t070°C; See figures9.5-9.11)

Number Parameter Symbol 12.5MHz 16.67 MHz Unit
Min. | Max. | Min. | Max.
a7 Asynchronous input setup time tAS| 10 - 10 — ns
101 | Clock to CS, IACK tCDS - 50 - 50 ns
i02 | Ciock highto TOUT tCHTO - 40 — 40 ns
103 BCLK cycle tBCYC 125 - 125 - ns
104 BCLK width low tBCL 55 - 55 - ns
105 BCLK width high tBCH 55 — 55 - ns
106 BCLK rise time tBCr — 10 - 10 ns
107 BCLK fall time tBCf - 10 - 10 ns
108 LDS high to DTR, RTS tDSMC - 140 - 140 ns
109 | DSRtoLDS low tMCDS 50 - 50 - ns
110 | DS highto /O output tDSIO - 60 - 60 ns
i/C data in to CLK low (setup time on /0
11 9 tIOsCL 50 — 50 - ns
inpu
112 .I/O d:)ta in to clock low (hold time on I/0 IOhCL 50 _ 50 _ ns
inpu
113 DATA delay time tDDA - 60 - 60 ns
114 | Clock high to DSTB tCHST - 60 — 60 ns
115 | PRIME delay time tDPR - 60 - 60 ns
DATA setup time for DSTB
116 ~ tDASST 20 - 20 - ns
117 DATA hold time for DSTB tDAhST 60 _ 60 _ ns
118 DSTB width low tSTL 70 - 70 - ns
119 [BUSY delay time tDBY - 100 - 100 ns
120 FAULT delay time tDFA - 100 - 100 ns
121 From CLK high to ACK tCHAC - 60 — 60 ns
122 From ACK low to BUSY low tACLBY — 60 - 60 ns
123 From ACK high to BUSY low tACHBY — 60 - 60 ns
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SO S1 S2 S3 S4

/\j\/\/i/\
—_— ] e S N

50,C51 ,‘L
IACKO, @*

IACK1, <> @
IACK2

Figure 9.5 CS,IACK Timing Diagram
. / \ / \
CLK / |m!‘ / \
4

INTO,
INT1,
INT2
Figure 9.6 Interrupt Request Timing Diagram

—

CLK \ / \ N

TIN Xt

©
TOUT ‘_'%

Figure 9.7 Timer Input/Output Timing Diagram

20V ) ~ 1 ~ i
BCLig o.svi‘ S‘—,H‘— N

Figure 9.8 Baud Rate Clock Timing Diagram

[DS \ ,’L '
| |
|
DTR, RTS ﬁ
|
OSR X
)(— @ —
_ N\ /
[DS X /

Figure 9.9 Serial Port Timing Diagram

301A-93



TOSHIBA

TMP68301A

UDs, (D / \ y g
’
e \ /
R/W \ @ /
. \
i/0n A
Figure 9.10 1/0 Port Output Timing Diagram
SO S1 S22 S3 sS4 S5 S6 S7
CLKi /\_/ ./ U/ S/ S N\
UDS, (D5 \ /
|
RAW ®
I/On
Ny
Figure9.11 I/O PortInput Timing Diagram
SO S1 S2 S3 S4 S5 S6 S7
I\ I\ [\ V4 \ gf \ =f J} \
g /N NS 7 7\
v V4 AN V4
I-1’5.—/ [ 7/
RAV \ /
5t
>4
DATA1~8 ).
DST% @ X 7‘
O o~ !«@
PRIME X
Figure 9.12 Centronics Output Timing Diagram (Mode 1)
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g/ "V NV N N/ T T \
Dy \ \ /
RAW \\ /I /,
@
DSTB \ 7
(PM3 =0) ~
N
DSTB \ 7
(PM3 =1) ™ 'Tr‘
DATA1~8 L ]
@—> - —> <—@
ACKem
BUSY Vi \
(PM1=0) @ @
BUSY 7 N:
(PMi=1) @
FAULT X

Figure 9.13 Centronics Input Timing Diagram (Mode 2)
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10. Development Environment

10.1 Emulation mode
Set the NOR/EMU pin to low to enter emulation mode (henceforth, EMU mode). In EMU mode, the
TMP68301A CPU is completely disconnected and only peripheral devices are active. In EMU mode, the
emulator controls the peripheral devices.

10.1.1
L
(2)

— — T
CPU //// NOR/EMUD7 NOR/EMU}—
PN CcPLI
{emulator) IN(—F/ | 1 4 V]
Peripheral devices | Peripheral devices
i
Emuiation mode Normai mode

Figure 10.1 Outline of Normal and Emulation Modes

Pin Functions

NOR/EMU : Fixed tohigh innormal mode. Fixed to low in EMU mode.

BR/PLO

BG/PL1

BGACK/IPL2 : In normal mode, these pins (BR, BG, BGACK) perform bus arbitration control.
In EMU mode, TPLO to IPL2 are output signals. As these pin signals operate
differently for different modes, use jumpers to change pin operation, as shown in
figures 10.2 and 10.3. (See *1 in the figures)

10.2 Connecting to General-Purpose 68000 Emulator
In principle, TMP68301A emulation can be performed using any commercially available general-
purpose 68000 emulator. Note, however, the following points:

®

(2)

(3)

4)

As TMP68301A 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 TMP68301A does
not have a VPA signal. However, TMP68301A has a similar function in its internal interrupt
controller. For interrupt requests from external devices, use the interrupt input pins INTO to INT2
connected to the interrupt controller.

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 1K ohms.

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

purpose 68000 emulator.

e If another interrupt occurs while an interrupt is pending, the pending bit is cleared and the
interrupt is not subsequently accepted.

e Ifthe AS signal setup time (*1 in Figure 10.4) 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
10.4)
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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 clocks to the emulator and to 68301A, as shown in

Figure 10.5.
TARGET BOARD
BR, BG, BGACK
Peripheral circuit signal
NOR/EMU [ C
TMP6E8301A :1_)/0 o
BR/IPLO o
E/IPL - n
BG/IPL1 o~ o 2
BGACK/IPL2 o~ © c
t
Address Bus (A1~A23, FCO~FC2) ‘:
Data Bus (DO~D15)
%2 Control Bus (AS, UDS, LDS, R/W)
% RESET, HALT, CLK
P DTACK
BERR

Figure 10.2 Wiring Diagram in Normal Mode

TARGET BOARD
BR, BG, BGACK
Peripherail circuit signai
BR
NOR/EMU ; BG
TMP68301A 1 & BGACK
BR °—3 IPLO
T/IPLO
BG/IPL1 o—o IPL1
BGACK/IPL2 o—=oC

Address Bus (A1~A23, FCO~FC2)

Data Bus (DO~D15)
Control Bus (AS, UDS, LDS, R/W)

SO0 ~+nAn®330MN
g
~
N

VMA |- open

*
N

T RESET, HALT, CLK
== DTACK
BERR

68000
Emulator

Figure 10.3 Connection to Emulator in EMU Mode
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SO S2 sS4 S6
CLK 7/ \ / \ / AN \__/
- 4
Setup time (*1) = 10 ns (typ)
Figure 10.4 AS Signal Setup Time during Emulation
CLK
0scC To 68000 emulator
Delay line
Xns To 68301A

Figure 10.5 Clock Adjustments for Emulation
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