TOSHIBA

TLCS-900 Series

TMP96CO31N/F

CMOS 16-bit Microcontrollers
TMP96C031N/TMP96CO031F

1. Outline and Device Characteristics

The TMP96CO031 are high-speed advanced 16-bit microcon-
trollers developed for controlling medium to large-scale equip-
ment. TMPOBCO31N comes in a 64-pin shrink DIP; the
TMP96CO031F, in a 64-pin flat package.

(1) Original 16-bit CPU

e TLCS-90 instruction mnemonic upward compatible.
e 16M-byte linear address space

e General-purpose registers and register bank system

e 16-bit multiplication/division and bit transfer/arithmetic
instructions

¢ High-speed micro DMA
- 4 channels (1.6us/2 bytes @ 20MHz)

(2) Minimum instruction execution time
- 200ns @ 20MHz

The information contained here is subject to change without notice

() External memory expansion

e Can be expanded up to 16M-bytes (for both programs and
data).

e External data bus width selection pin (AM8/16)
e Can mix 8- and 16-bit external data buses.

Dynamic data bus sizing
) 8-bit timer: 2 channels
) 16-bit timer: 2 channels
) Pattern generator: 4 bits, 2 channels
) Serial interface: 2 channels
) 8-bit A/D converter: 4 channels
) DRAM controller
0) Watchdog timer
1) Chip select/wait controller: 4 blocks
2) Interrupt functions
e 3 CPU interrupts™ SWI instruction, privileged violation,
and lllegal instruction

e 12 internal interrupts
e 9 external interrupts
(13) I/O ports: 37 pins
(14) Standby function :
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:| 7-level priority can be set.

3 HALT modes (RUN, IDLE, STOP)

The information contained herein is presented only as guide for the applications of our products. No responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties

which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others. These TOSHIBA products are intended for usage in general electronic
equipments (office equipment, communication equipment, measuring equipment, domestic electrification, etc.) Please make sure that you consult with us before you use these TOSHIBA products in equip-

ments which require high quality and/or reliability, and in equipments which could have major impact to the welfare of human life  (atomic energy control, spaceship, traffic signal, combustion control, all types
of safety devices, etc.). TOSHIBA cannot accept liability to any damage which may occur in case these TOSHIBA products were used in the mentioned equipments without prior consultation with TOSHIBA.
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Figure 1. TMP96C031F Block Diagram
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2. Pin Assignment and Functions 2.1 Pin Assignment
Figure 2.1 shows pin assignment of TMP96C031N.

VREF[L]1 64 [ ]vcC
(aNo/INTO)Ps0 ]2 63 [ P43(CS3/CAS)
(ANTINTT)P51]3 62 [ P42(C52)
(AN2/NT2)P52(]4 61 [ P41(T5)
(AN3/NT3)Ps3]5 60 [ P40(T50)

(PGOO/TxDO)PE0 6 59 [ ] P35(RAS/INT7)
(PGO1/RxDO)PE1 |7 58 [] P34(RAN/NMI)
(PGo2/CTS0)P62 (|8 57 [ P33(BUSAK)
(PGO3/RFSH)P63 (]9 56 [ P32(BUSRQ)
(PG10)Peal_|10 55 [] P31(TIOAVAIT)
(PG11)Pes M 54 [ ] P30(TOS/HWR)
(PG12/NTE)PBE[ |12 53 [7] P76(SCLK1)
(PG13AWDTOUT)P67[ |13 52 [ P75(RxD1)
RESET[ |14 51 [7] P74(TxD1)
(a16)p20[15 50 | ] P73(INTS/TIS)
(a17p21]16 49 [ ] P72(INT4/TI4)
(a1g)p22]17 48 [ ] P71(TO3/DMUX)
(a19)p23[]18 47 [ P70(TO1/TO4)
(a20)p24[]19 46 [ ] WR
(a21)p2s5]20 45 [ ] RD
(A22)P26[]21 44 7] CLK
(a23)p27(]22 43 [] AD15(A15)
apbo[]23 42 [ ] AD14(A14)

AD1[ 24 41 [ ] AD13(A13)

ap2[]25 40 [] AD12(A12)

aD3[]26 39 [] AD11(A11)

ADa[]27 38 [] AD10(A10)

aps[]28 37 [] AD9(A9)

AD6[ |29 36 [ ] AD8(AB)

AD7[]30 35 [7] AM8/T6

ALE[]37 34 []x2
vss[]32 33 [x1

Figure 2.1 (1). Pin Assignment (64-SDIP)
Figure 2.1 (2) shows pin assignment of TMP96CO031F.
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Figure 2.1 (2). Pin Assignment (64QFP)
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2.2 Pin Names and Functions
The names of input/output pins and their functions are described below.

Table 2.2. Pin Names and Functions

Pin Name Num.ber 1/0 Functions
of Pins
ADO ~ AD7 8 Tri-state Address/data (lower): 0 - 7 for address/data bus
AD8 ~ AD15 8 Tri-state Address data (upper): 8 - 15 for address/data bus
A8~ A15 Output Address: 8 to 15 for address bus
P20 ~ P27 I/0 Port 2: 1/0 port that allows selection of 1/0 on a bit basis (with pull-down resistor)
A0 ~ A7 8 Output Address: 0 - 7 for address bus
A16 ~ A23 Output Address: 16 - 23 for address bus
P30 /0 Port 30: Qutput port (with pull-up register)
T05 1 Output Timer output 5: Timer 4 output pin
HWR Output High write: Strobe signal for writing data on pins AD8 - 15
P31 I/0 Port 31: Output port (with pull-up register)
Tio 1 Output Timer output 0: Timer 0 input
WAIT Output Write: Pin used to request CPU bus wait
P32 0 Port 32: 1/0 port (with pull-up register) oS T T o o o
BUSRQ 1 Inout Bus request: Signal used to request high impedance for ADO - 15, AQ - 23, RD, WR, HWR, R/W, RAS, CSO0,
p CST, and CS2 pins. (For external DMAC)
P33 0 Port 33: 1/0 port (with pull-up register) -
T 1 Bus acknowledge: Strobe indicating that ADO - 15, A0 - 23, RD, WR, HWR, R/W, RAS, CS0, CS1, and CS2
BUSAK Input
pins are at high impedance after receiving BUSRQ.
P34 1/0 Port 34: 1/0 (with pull-up register)
R/W 1 Output Read/write: 1 represents read or dummy cycle 0, write cycle.
NMI Input Non-maskable interrupt request pin; Interrupt request pin with falling edge. Can also be operated at rising
edge by program.
P35 I/0 Port 35: 1/0 (with pull-up register)
RAS 1 Output Row address strobe: Outputs RAS strobe for DRAM.
INT7 Input Interrupt request pin 7: Interrupt request pin with rising edge.
P40 1 Output Port 40: 1/0 port
€S0 Output Chip select 0: Qutputs 0 when address is within specified address area.
P41 1 QOutput Port 41: Qutput port
CS1 QOutput Chip select 1: Qutputs 0 if address is within specified address area.
P42 1 Output Port 42: Qutput port
CS2 Output Chip select 2: Qutputs 0 if address is within specified address area.
P43 Output Port 43: Output port
CS3 1 Output Chip select 3: Outputs 0 if address is within specified address area.
CAS Output Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area.
P50 ~ P53 Input Port 50 ~ 53: Input port
ANO ~ AN3 Input Analog input: Input to A/D converter
INT1 ~ INT3 4 Input Interrupt request pin 0: Interrupt request pin with programmable level/rising edge.
Interrupt request pin 1: Interrupt request pin with programmable rising/falling edge.
Interrupt request pin 2 ~ 3: Interrupt request pin with rising edge.
P60 /0 Port 60: 1/0 port
TxDO 1 Output Serial send data 0
PG00 Output Pattern generator port 00
P61 1/0 Port 61: 1/0 port
RxDO 1 Output Serial receive data 0
PGO1 Output Pattern generator port 01

Note:  The internal I/O of this device cannot be accessed using the external DMA controller.
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Pin Name Num_ber 1/0 Functions
of Pins
P62 /0 Port 62: 1/0 port
CTS0 1 Output Serial data send enable 0 (Clear to Send)
PG02 Output Pattern generator port 02
P63 1/0 Port 63: 1/0 port
RFSH 1 Output Refresh out: This is a state signal output pin which indicates that the DRAM controller is in refresh cycle.
PGO03 Output Pattern generator port 03
P64 1 /0 Port 64: 1/0 port
PG10 Output Pattern generator port 10
P65 1 /0 Port 65: 1/0 port
PG11 Output Pattern generator port 11
P66 /0 Port 66: 1/0 port
INT6 1 Input Interrupt request pin 6: Interrupt request pin with rising edge.
PG12 Output Pattern generator port 12
P67 /0 Port 71: 1/0 port
WDTOUT 1 Output Watchdog timer output pin
PG13 Output Pattern generator port 13
P70 1/0 Port 70: 1/0 port
TO1 1 Output Timer output 1: Timer 0 or 1 output pin
T04 Output Timer output 4: Timer 4 output pin
P71 /0 Port 71: 1/0 port
T03 1 Output Timer output 3: Timer 2 or Timer 3 output pin
DMUX Output DRAM address multiplexor: This pin outputs row address, column address, and selector select signal.
p72 1/0 Port 72:1/0 port
INT4 1 Input Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge.
T4 Input Timer input 4: Timer 4 count/capture trigger signal input
P73 /0 Port 73: 1/0 port
INTS 1 Input Interrupt request pin 5: Interrupt request pin with programmable rising edge.
TI5 Input Timer input 5: Timer 4 count/capture trigger signal input
P74 1 1/0 Port 74: 1/0 port
TxD1 Output Serial send data 1
P75 1 1/0 Port 75: 1/0 port
RxD1 Input Serial receive data 1
P76 1 1/0 Port 76: 1/0 port
SCLK1 /0 Serial clock 1/0 1
CLK 1 Output Clock output: Outputs [X1+4 |clock. Pulled-up during reset.
RD 1 Output Read: Strobe signal for reading external memory.
WR 1 Output Write: Strobe signal for writing data on pins ADO - 7.
AM8/16 1 Inout Address mode: External data bus width selection pin. Set to “0” for fixed external 16-bit bus or for mixed
p external 8/16 bit bus and to “1” for fixed external 8-bit bus.
RESET 1 Input Reset: Initializes LSI. (With pull-up resistor)
ALE 1 Output Address latch enable
X1/X2 1 1/0 Oscillator connecting pin
VCC 1 Power supply pin (-5V)
VSS 1 GND pin (0V)

Note:  Pull-up/pull-down resistor can be released from the pin by software.
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3. Operation
This section describes in blocks the functions and basic opera-
tions of the TMPO6CO31F device.

Check the chapter Guidelines and Restrictions for proper
care of the device.

3.1 CPU

The TMP96CO31F device has a built-in high-performance 16-
bit CPU. (For CPU operation, see TLCS-900 CPU in the book
Core Manual Architecture User Manual.)

This section describes CPU functions unique to
TMP96CO031F that are not described in the previous section.

3.1.1 Reset

To reset the TMP96CO031F, the RESET input must be kept at O
for at least 10 system clocks (10 states: 1us with a 20MHz
system clock) within an operating voltage range and with a sta-
ble oscillation.

When reset is accepted, the CPU sets as follows:

e Program counter (PC) to 8000H.

e Stack pointer (XSP) for system mode to 100H.

e SYSM bit of status register (SR) to 1. (Sets to system mode.)

¢ |FF2 to O bits of status register to 111. (Sets mask register to
interrupt level 7.)

e MAX bit of status register to 0. (Sets to minimum mode.)

e Bits RFP2 to 0 of status register to 000. (Sets register banks
t0 0.)

When reset is released, instruction execution starts from
address 8000H. CPU internal registers other than the above
are not changed.

When reset is accepted, processing for built-in 1/Os,
ports, and other pins is as follows:

e Initializes built-in I/O registers as per specifications.

e Sets port pins (including pins also used as built-in 1/0s) to
general-purpose input/output port mode (sets I/O ports to
input ports).

e Sets the WDTOUT pin to 0. (Watchdog timer is set to enable
after reset.)

e Pulls up the CLK pinto 1.

e Sets the ALE pin to 0.

3.1.2 External Data Bus Width Selection Pin (AM8/16)

The TMP96C031F automatically operates in 8-bit bus/16-bit
bus mode after reset depending on how the AM8/16 pin is set.

The TMP96CO031F have altogether the following 23 inter-
rupt sources:

¢ For mixed external 8/16-bit data bus or fixed 16-bit data bus

Set this pin to “0”. Then the AD8 to 15/A8 to 15 pins are
fixed to functions AD8 to 15.

The external data bus width is set by the chip select/wait
control register described in section 3.6.1.

¢ For fixed external 8-bit data bus

Set this pin to “1”. Then the AD8 to 15/A8 to 15 pins are
fixed to functions A8 to 15.

The value of chip select/wait control register bit 4
(«BOBUS>, <B1BUS>, <B2BUS>, <B3BUS>) described in
Section 3.6.1 is ignored and the bus is fixed external 8-bit data
bus.

TOSHIBA CORPORATION
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3.2 Memory Map
Figure 3.2 is a memory map of the TMP96C031F.

000000H 4
: Direct
000080H area (n)
¥
000100H
64K-Byte area
008000H (nn)
010000H
16M-Byte area
(R)
(-R)
(R+)
(R +R8/16)
(R +d8/16)
(nnn)
FFFFFFH

( =Internal area)

Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the system mode side to 100H.

Figure 3.2. Memory Map
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3.3 Interrupts TMP96C031F have altogether the following 24 interrupt

TLCS-900 interrupts are controlled by the CPU interrupt mask sources:
flip-flop (IFF2 to 0) and the built-in interrupt controller.

e |nterrupts from the CPU '3

(Software interrupts, privileged violations, and lllegal (undefined) instruction execution)
¢ Interrupts from external pins (NMI, INTO, and INTO to 7)9
e Interrupts from built-in I/Os*12

TOSHIBA CORPORATION
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A fixed individual interrupt vector number is assigned to
each interrupt source; six levels of priority (variable) can also be
assigned to each maskable interrupt. Non-maskable interrupts
have a fixed priority of 7.

When an interrupt is generated, the interrupt controller
sends the value of the priority of the interrupt source to the
CPU. When more than one interrupt is generated simulta-
neously, the interrupt controller sends the value of the highest
priority (7 for non-maskable interrupts is the highest) to the
CPU.

The CPU compares the value of the priority sent with the
value in the CPU interrupt mask register (IFF2 to 0). If the value
is greater than that of the CPU interrupt mask register, the
interrupt is accepted. The value in the CPU interrupt mask reg-
ister (IFF2 to 0) can be changed using the El instruction (con-
tents of the El num/IFF <2:0> = num). For example,
programming El 3 enables acceptance of maskable interrupts

with a priority of 3 or greater, and non-maskable interrupts
which are set in the interrupt controller. The DI instruction (IFF
<2:0> = 7) operates in the same way as the El 7 instruction.
Since the priority values for maskable interrupts are O to 6, the
Dl instruction is used to disable maskable interrupts to be
accepted. The El instruction becomes effective immediately
after execution. (With the TLCS-90, the El instruction becomes
effective after execution of the subsequent instruction.)

In addition to the general-purpose interrupt processing
mode described above, there is also a high-speed uDMA pro-
cessing mode. High-speed UDMA is a mode used by the CPU
to automatically transfer byte or word data. It enables the CPU
to process interrupts such as data saves to built-in 1/Os at high
speed.

Figure 3.3 (1) is a flowchart showing overall interrupt
processing.

TOSHIBA CORPORATION
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General-purpose
interrupt processing

Interrupt Processing )

Read Interrupt vector V.
Clear interrupt request F/F.

— PC eV +8000H

ector V and

I

7

Interrupt processing
program

l

RETI Instruction

POP SR
POP PC

End

Figure 3.3 (1). Interrupt Processing Flowchart

high-speed x.DMA YES
start vector match
NO -
Data transfer by
r» DMA
PUSH PC I
PUSH SR
SR<IFF2~0><« Accepted COUNT « COUNT -1 © DMA
interruput processing
level +1
SR<SYSM>e1

In read-only mode,
always branches to NO
without conditional
branch.

10
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3.3.1 General-Purpose Interrupt Processing
When accepting an interrupt, the CPU operates as follows:

(1) The CPU reads the interrupt vector from the interrupt
controller. When more than one interrupt with the same
level is generated simultaneously, the interrupt controller
generates interrupt vectors in accordance with the
default priority (which is fixed as follows: the smaller the
vector value, the higher the priority), then clears the inter-
rupt request.

(2) The CPU pushes the program counter and the status
register to the system stack area (area indicated by the
system mode stack pointer).

(8) The CPU sets a value in the CPU interrupt mask register
<IFF2 to 0> that is higher by 1 than the value of the
accepted interrupt level. However, if the value is 7, 7 is
set without an increment.

(4) The CPU sets the <SYSM> flag of the status register to 1
and enters the system mode.

(5) The CPU jumps to address 8000H + interrupt vector,
then starts the interrupt processing routine.

The table below shows the number of execution states
for the above processing times.

, Interrupt Processing State Number
Bus Width of Stack Area -
MAX mode Min mode
8-bit 23 19
16-bit 17 15

To return to the main routine after completion of the inter-
rupt processing, the RETI instruction is usually used. Executing
this instruction restores the contents of the program counter
and the status registers.

Though acceptance of non-maskable interrupts cannot
be disabled by program, acceptance of maskable interrupts
can. A priority can be set for each source of maskable inter-
rupts. The CPU accepts an interrupt request with a priority
higher than the value in the CPU mask register <IFF2 to 0>.
The CPU mask register <IFF2 to 0> is set to a value higher by
1 than the priority of the accepted interrupt. Thus, if an inter-
rupt with a level higher than the interrupt being processed is
generated, the CPU accepts the interrupt with the higher level,
causing interrupt processing to nest. The CPU does not
accept an interrupt request of the same level as that of the
interrupt being processed.

Resetting initializes the CPU mask registers <IFF2 to 0>
to 7; therefore, maskable interrupts are disabled.

The addresses 008000H to 0081FFH (512 bytes) of the
TLCS-900 are assigned for interrupt processing entry area.

TOSHIBA CORPORATION
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Table 3.3 (1) TMP96CO031F Interrupt Table

Default Priority Type Interrupt Source ""“‘E:IY"'“” Start Address I-I\II:?t:l:'osll;fv‘la;\j
Start to Vector
1 Reset , or SWI0 instruction 000O0H 8000H -
2 INTPREV: Privileged violation, or SWI1 0010H 8010H -
3 INTUNDEF: Illegal instruction, or SWI2 0020H 8020H -
4 SWI 3 Instruction 0030H 8030H -
5 Non- SWI 4 Instruction 0040H 8040H -
6 Maskable | gy 5 nstruction 0050H | 8050H -
7 SWI 6 Instruction 0060H 8060H -
8 SWI 7 Instruction 0070H 8070H -
9 NMI Pin 0080H 8080H 08H
10 INTWD: Watchdog timer 0090H 8090H 09H
11 INTO pin 00AOH 80AOH 0AH
12 INT4 pin 00BOH 80BOH 0BH
13 INT5 pin 00COH 80COH 0CH
14 INT6 pin 00DOH 80DOH 0DH
15 INT7 pin 0O0OEOH 80EOH OEH
- (Reserved) 0OO0FOH 80FOH OFH
16 INTTO: 8-bit timer 0 0100H 8100H 10H
17 INTT1: 8-bit timer 1 0110H 8110H 11H
18 INTT2: 8-bit timer 2/PWMO 0120H 8120H 12H
19 INTT3: 8-bit timer 3/PWM1 0130H 8130H 13H
20 INTTR4: 16-bit timer 4 (TREG4) 0140H 8140H 14H
21 Maskable 1\ 1Te; 16-bit timer 4 (TREGS) 0150H | 8150H 15H
22 (Reserved) 0160H 8160H 16H
23 (Reserved) 0170H 8170H 17H
24 INTRXO0: Serial receive (Channel.0) 0180H 8180H 18H
25 INTTXO: Serial send (Channel.0) 0190H 8190H 19H
26 INTRX1: Serial receive (Channel.1) 01AO0H 81A0H 1AH
27 INTTX1: Serial send (Channel.1) 01BOH 81BOH 1BH
28 INTAD: A/D conversion completion 01 COH 81COH 1CH
29 INT1 pin 01DOH 81DOH 1DH
30 INT2 pin 0O1TEOH 81EO0H 1EH
31 INT3 pin 01FOH 81FOH 1FH

3.3.2 High-Speed uDMA

In addition to the conventional interrupt processing, the TLCS-
900 also has a high-speed pDMA function. When an interrupt
is accepted, in addition to an interrupt vector, the CPU receives
data indicating whether processing is high-speed uDMA mode

The TLCS-900 can process at very high speed com-

or general-purpose interrupt. If high-speed uPDMA mode is
requested, the CPU performs high-speed pPDMA processing.

pared with the TLCS-90 uDMA because it has transfer param-
eters in dedicated registers in the CPU. Since those dedicated
registers are assigned as CPU control registers, they can only

be accessed by the LDC (privileged) instruction.

12
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(1) High-Speed uDMA Operation

High-speed UDMA operation starts when the accepted inter-
rupt vector value matches the uDMA start vector value set in
the interrupt controller. The high-speed uDMA has four chan-
nels so that it can be set for up to four types of interrupt
source.

When a high-speed UDMA interrupt is accepted, data is
automatically transferred from the transfer source address to
the transfer destination address set in the control register, and
the transfer counter is decremented. If the value in the counter
after decrementing is other than 0, high-speed PDMA process-
ing is completed. If the value in the counter after decrementing
is 0, general-purpose interrupt processing is performed. In
read-only mode, which is provided for DRAM refresh, the value
in the counter is ignored and dummy read is repeated.

The 32-bit control registers are used for setting transfer
source/destination addresses. However, the TLCS-900 has
only 24 address pins for output. A 16M-byte space is available
for the high-speed pDMA.. Also in normal mode operation, the
all address space (in other words, the space for system mode
which is set by the CS/WAIT controller) can be accessed by
high-speed UDMA processing.

There are two data transfer modes: one-byte mode and
one-word mode. Incrementing, decrementing, and fixing the
transfer source/destination address after transfer can be done
in both modes. Therefore data can easily be transferred
between 1/0O and memory and between I/Os. For details of
transfer modes, see the description of transfer mode registers.

The transfer counter has 16-bit, so up to 65536 transfers
(the maximum when the initial value of the transfer counter is
0000H) can be performed for one interrupt source by high-
speed UDMA processing.

After transferring data using the high-speed pDMA and
the transfer counter has been decremented to O, the program
goes to a general-purpose interrupt processing. Note that after
interrupt processing, when an interrupt for the same channel is
generated, if the system requires resetting the transfer counter
starts from 65536.

The following section illustrates the high-speed pPDMA
cycle when the transfer destination address is in INC mode.
(MIN mode, 16-bit bus for all address areas, O wait).

Interrupt sources processed by high-speed pDMA pro-
cessing are those with the high-speed uDMA start vectors
listed in Table 3.3 (1).

1state | (No}e‘r) (Note2) (No}eB) (Nojt_e3) (Note3)
DM1 L\li}fl_ij DM3 DM4 DMS5 DMe6 DM7 Dm8 DM9 | DM10 (DMT1 DM12 | DM13 DI\."I1A1.Y DM15 DIVI16‘L
x1 '\ AVAVAVAVAVAVAVAVAVAY '\J'\JU\J'\I\JL\J\JWWWW
Ale [\ I\ f\ [\ I\ f\ L I\ f
ADO~15 === ===t === ———{A0~15 {DO~15 J4A0~15(] DO~15 }= — — = = — A0~ 15 D0~ 15 H A0~ 15 { DO~ 15 A0~ 15 DO~ 15}

A16~23 Dummy Dummy Source|address Desty laetz'im Dummy ( Next Next + 2 Next + 4
RD \__/ \_ T\ T\ /T

WR, HWR U /

(Note1)

High-speed xDMA cycle (COUNT # Q)
(Note2)

(No}fﬁ) (Note3)

A

DM4

Jgg

\ [\

\ / - L T\

DM14 | DM16

[\ / /

ADO~15 F———p ===t === ——— {A0~15 HD0~15 a0~ 15T D0~15 } — — —(— — — L a0~15H D0~ 15 A0~ 151 DO~15p— = = —f e = = =
A16~23 K Dummy Dummy Sourcejaddress Ueasén rat’s‘m Dugnmy next next + 2 Dummy
RD Y / \ / \ /
WR, AWR W
(Neltetl) (Noted)
DM17 | DM18 | DM19 | DM20 | DM21 | DM22 | DM26 | DM27

5
5

[\ [\ [\ \ [

ADO~15 == —t———HA0~15 -(D0~15)|-(;_A0~15x 00~15 == = L A0~15H{ D0~ 15H A0~ 15 Do~ 15}
A16~23 Dummy XgpP-2 XgP-4 Dummy Next Next + 2

_® /T \ {1
R, HWR | L/

High-speed «DMA cycle (COUNT =0)

Note 1: Ifan 8-bit bus is used for the source address area, two states are
added.
Note 2: Ifan 8-bit bus is used for the destination address area, two states

are added.

Note3: A dummy cycle may be generated depending on the instruction
queue buffer states.
Note 4: Ifan 8-bit bus is used for the stack area, two states are added.

TOSHIBA CORPORATION
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(2) Register Configuration (CPU Control Register)

Channel0

DMASO

DMADQO

DMACO
DMAMO

!

Channell

DMAS1

DMAD1

DMAC1
DMAM1

!

Channel2

DMAS2

DMAD?2

DMAC2
DMAM2

!

Channel3

DMAS3

DMAD3

DMAC3
DMAM3

!

<8-bit—

«——16-bit——

32-bit

Transfer source address register 0
Transfer destination address register 0
Transfer counter register 0

Transfer mode register 0

Transfer source address register 1
Transfer destination address register 1
Transfer counter register 1

Transfer mode register 1

Transfer source address register 2
Transfer destination address register 2
Transfer counter register 2

Transfer mode register 2

Transfer source address register 3
Transfer destination address register 3
Transfer counter register 3

Transfer mode register 3

Only the LDCcr.rinstruction can set data in those control registers.

]{Use only lower 24-bit.)

(1~65536)

14
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(3) Transfer Mode Register Details

(DMAMO~3)
0 0 0 O Mode Note : When specifying values for this
L1 R register, set the upper 4-bit to 0.
execution time (Min. 20MHz)
‘7 Z: 0 = byte transfer, 1 =waord transfer *

0 0 0 Z |Transferdestination address INC mode . . for I/0 to memory 16 states
(DMADN +) « (DMASRN)
DMACn«DMACH -1 (2ps @16MHz)
if DMACNH =0 then INT.

0 0 1t 2 [Transferdestination address DEC mode for 110 to memory 16 states
(DMADN - ) « (DMASN)
DMACh«DMACH -1 (245 @16MHz)
if DMACn =0 then INT.

0 1 0 Z |Transfersource addressINCmode .............. forl/Oto memory 16 states
(DMADN) « (DMASN +)
DMACn«DMACH - 1 (2s @16MHz)
if DMACn =0 then INT.

0 1 1 Z |Transfersource addressDECmode ... . forl/Oto memory 16 states
(DMADRN) « (DMASHh =)
DMACn«DMACH -1 (25 @16MHz)
if DMACh =0 then INT.

1 0 0 2Z |Fixedaddressmode ... .. ... it lIOtO O 16 states
(DMADR) « (DMASR)
DMACn«DMACH -1 (245 @16MHz)
if DMACN =0 then INT.

1 0 1 1 |Countermode. ... ..................... forinterruptcounter 11 states
DMASn«DMASN + 1
DMACn«DMACH -1 (1.375us @16MHz)
if DMACh =0 then INT.

(1 states = 100ns)

Execution time: When 16-bit bus width and 0 wait are set for the transfer destination/source address.

Note: n: corresponds to high-speed uDMA channels O - 3.
DMADN +/DMASN +:  Post-increment (Increments register value after transfer.)
DMADnN -/DMASH - : Post-decrement (Decrement register value after transfer.)

All address space (the space for system mode) can be for transfer mode control.
accessed by high-speed pDMA. Do not use undefined codes

TOSHIBA CORPORATION
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3.3.3 Interrupt Controller

Figure 3.3.3 (1) is a block diagram of the interrupt circuits. The
left half of the diagram shows the interrupt controller; the right
half includes the CPU interrupt request signal circuit and the
HALT release signal circuit.

Each interrupt channel (total of 20 channels) in the inter-
rupt controller has an interrupt request flip-flop, interrupt prior-
ity setting register, and a register for storing the high-speed
micro DMA start vector. The interrupt request flip-flop is used
to latch interrupt requests from peripheral devices. The flip-flop
is cleared to O at reset, when the CPU reads the interrupt
channel vector after the acceptance of interrupt, or when the
CPU executes an instruction that clears the interrupt of that
channel (writes O in the clear bit of the interrupt priority setting
register).

For example, to clear the INTO interrupt request, set the
register after the DI instruction as follows.

INTEOAD ~ ---- O --- Zero-clears the INTO Flip Flop.

The status of the interrupt request flip-flop is detected by
reading the clear bit. Detects whether there is an interrupt
request for an interrupt channel.

The interrupt priority can be set by writing the priority in
the interrupt priority setting register (e.g., INTEOAD, INTE45,
etc.) provided for each interrupt source. Interrupt levels to be
set are from 1 to 6. Writing O or 7 as the interrupt priority dis-

ables the corresponding interrupt request. The priority of the
non-maskable interrupt (NMI pin, watchdog timer, etc.) is fixed
to 7. If interrupt requests with the same interrupt level are gen-
erated simultaneously, interrupts are accepted in accordance
with the default priority (the smaller the vector value, the higher
the priority).

The interrupt controller sends the interrupt request with
the highest priority among the simultaneous interrupts and its
vector address to the CPU. The CPU compares the priority
value <IFF2 to O> set in the Status Register by the interrupt
request signal with the priority value sent; if the latter is higher,
the interrupt is accepted. Then the CPU sets a value higher
than the priority value by 1 in the CPU SR <IFF2 to O>. Inter-
rupt requests where the priority value equals or is higher than
the set value are accepted simultaneously during the previous
interrupt routine. When interrupt processing is completed (after
execution of the RETI instruction), the CPU restores the priority
value saved in the stack before the interrupt was generated to
the CPU SR <IFF2 to 0>.

The interrupt controller also has four registers used to
store the high-speed other uDMA start vector. These are 1/0
registers; unlike other DMA registers (DMAS, DMAD, DMAM,
and DMAC), they can be accessed in either normal or system
mode. Writing the start vector of the interrupt source for the
UDMA processing (see Table 3.3 (1)), enables the correspond-
ing interrupt to be processed by uUDMA processing. The values
must be set in the uDMA parameter registers (e.g., DMAS and
DMAD) prior to the uDMA processing.

16
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Interrupt controller

CPU

Interrupt enable RESET

flag on CPU side

IFF2~0 |*———El 1~7
—————————— DI

3 Interrupt

level detect

ﬂf wmoz«a;#bo
\then 1

—$—> Interrupt request

signal

NMI

During IDLE

During STOP

HALT release

High-speed

#DMA request

High-speed

Interrupt request flip flop
NMI s Q y
RESET R [_—_;4
Interrupt
vector Vread V = 80H
INTWO A V=90H [ |
Priority setting register Decoder h ,T;:,“J;‘é:ﬁ“m
D » ﬁj Y1 Priority encader
D" . 5 Q A vz A \
n+1 —» 1 1
Dn+2 —»| CL B :3 N2l Highest  a
CR D 1 77T erorty [\ 3 inTRO2~0
Iy 46 interrupt Interrupt
Interrupt Y6 6 4 levelselect I Joriorread
request F/F [ 5
INTO s Q Dn+3 6 E(T)
_ 7
RESET R Interrupt request flip flop read D2
(Highest priority =7)
Interrupt request clear Dn + 3 20 o3
Interrupt request V read V= AOH D4
] DS
INTa A \V =BOH A Interrupt 06
p vector
INTS A V=COH - generation o7
INTE A V =DOH o8
INT? A V=EQH
INTTO A V =100H j__J
INTT1 A V=110H -
INTT2 A V= 120H A ;
INTT3 A V=130H = A
INTTR4 A V= 140H
INTTRS. A V= 150H A
INTTRE A V= 160H A
INTTR7 —T—> A V=170H A
INTRXO —T—> A V = 180H A
INTTX0 A V=190H v
INTRX1 A V= 1A0H A
INTTX A V= 1BOH A
INTAD A V=1C0H P, /
HDMA start vector setting register 4input OR
D4 —» 4
D3 —>
p2—|D Q a "L Match
D1 —» detect
DO —= j‘R A ]
1 AP 2
RESET
DMAOV 2 gp—
) DMATV 3
. DMA2V High-speed x DMA channel
i DMA3V priority encoder
(Highest priority = ch 0)

4 DMA channel
specification

Figure 3.3.3 (1). Block Diagram of Interrupt Controller

TOSHIBA CORPORATION
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(1) Interrupt Priority Setting Register

(Read-modify-write prohibited.)

Symbol | Address 7 i 6 : 5 4 3 P2 : 1 )
INT1 INTO |
" 1TM : | Lo : M oM “—Interrupt source
INTEO 0070H C 1m2 1M1 110 0cC om2 10M1 oMo «bit Symbol
RV - w - RAW - w «Read/Write
0 0 0 0 o . 0 0 . o '
«After reset
‘ INT3 INT2
i3C ¢ I13M2 : I3M1 13M0O 12C 12M2 : 12M1 2 12MO
INTEZ23 0071H : -
R/W W R/W W
0o I 0 0 0 0 0o ' o ‘0
INTS INT4
INTE4S 0072H 15C I5M2 : I5M1 15MO 14C : 14M2 : 14M1 1 1AMO0
R/W W RIW w
0 L0 o0 0 c : 0 - 0 = 0
INT?7 INT6
INTE67 0073H 17C 17M2 : 17M1 17M0O 16C 16M2 : 16M1 : 16MO
0 . 0 : 0 Q 0 : 0 H 0 H 0
INTT1 (Timer 1) INTTO (Timer 0)
INTET10 0074H ITIC @ ITIMZ © ITIM1 © ITIMO ITOC ITOM2 : ITOM1 : ITOMO
RAW W RIW  : W
0o 0o o 0 0 0o : o : o
INTT3 (Timer 3) INTT2 (Timer 2)
IT3C : IT3M2 © IT3M1 : IT3MO IT2C : IT2M2 : IT2M1 : IT2MO
INTET32 75H :
3 0 RW ¢ W RW ¢ w
0 0o 0 0 0 : o + g : 0
__INTTRS (TREG5) INTTRA (TREG4)
ITSC : IT5M2 @ ITSM1 ¢ ITSMO IT4C  © IT4M2 : IT4M1 :© ITAMO
INTETS4 0076H : -
RIW w R/W W
0 L0 -0 0 0 N
INTTX0 i INTBXO _
INTESO 0077H ITXOC ITXOM2 : ITXOM1 : ITXOMO | IRX0C : IRXOM2 : IRXOM1 : IRXOMOQ
R/W W R/W W
0 : 0 : 0 0 0 : 0 . 0 : 0
INTTX1 INTRX1
: T i 3 : CIRXIM
INTES1 0078H ITX1C ITXIM2 D ITX 1M ITXIMO | IRX1C ‘IRXHVIZ IRX1M1 : IRX1MO
RAW W RAW W
0 : 0 : 0 0 0 : 0 0 : 0
INTAD
M IADM1 : IADM
INTEAD | 0079H IADE | IADM2 ;| IAD - 0
| RW . woo ] - R
0 : 0 : 0 0 :
| 11 I I ]
1 I B
i
IxxM2 IxxM 1 IxxMO Function (Write)
Q 0 0 Prohibits interrupt request.
o] 0 1 Setsinterrupt request level to "1".
Q 1 0 Setsinterruptrequest level to "2".
0 1 1 Setsinterrupt request level to "3".
1 0 0 Setsinterrupt request level to “4".
1 o} 1 Setsinterrupt request level to "5"
1 1 0 Setsinterrupt request level to "6".
1 1 1 Prohibits interrupt request.
IxxC Function (Read) Function (Write) ]
0 Clears interrupt request flag

Indicates nointerrupt request.

Indicates interrupt request

————— Don'tcare-----

18
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(2) External Interrupt Control

Interrupt Input Mode Control Register 0

7 6 5 I 4 i 3 i 2 1 P00
IMCO |{bit Symbol | 141 : I31E [ I2IE i ME [ 1EM I0IE IOLE i NMIREE
(007AH) Read/Write w
After reset 0 S0 S0 S0 0 0 o i 0
TINTE C1DINT3 O C1DINT2 O CTDINTD O S0:INT1 1:INTO 0:INTO 1:Canbe
Input ‘Input ‘Input ‘Input rising ‘Input ‘edge | operated
enable  ‘enable  enable enable  ied ‘enable  m Lin MM
Function : ‘ : 1.lgeT ‘1-7:?0 {in NMI
: N 1 ‘Ie; ol Srising
H v i
;falllng ‘edge.
‘edge ‘mode :
T - 5 e - 1]
Read-modify-write is
prohibited. _
L—“ NMI rising edge enable
[—' INTn Input enable 0 Interrupt request generation at
0 | INTn Inputdisable falling edge
1 |INTn Input enable 1 | Interrupt request generation at
rising/falling edge
Note: The INTO pin can also be used for standby release as described later ———— INTO level enable
Even il the pin is not used for standby release, setting <IOIE> to 0 |Rising edge detect interrupt
“0” maintains the port function during standby mode.
1 | Highlevel interrupt
t—— > INT1level enable
0 | Rising edge detect interrupt
1 | Falling edge detect interrupt

IMc
(0078H)

Interrupt input Mode Control Register 1

7 i 6 : 5 i 4 3 : 2 1 0
bit Symbol : : I7IE IBIE  ISIE
Read/Write W
Afterreset 0 : 0 0

10 INT7 ;1.\NTE EI:JNTS
Function ‘Input ‘Input glnput

-enable

‘enable  ienable

Read-modify-write is

e |

prohibited.
L—" INTn Input enable
0 [INTnInputdisable
1 |INTn Input enable
Setting of External Interrupt Pin Functions
Interrupt Pin Name Mode Setting Method
NMI P34 “\_ Falling edge [IMC <NMIREE> =0
“\__f Rising and falling edge [IMC <NMIREE> =1
_f Rising edge [IMC <IOLE> =0, <I0IE> =1
INTO P50
7" Level [IMC <IOLE> =1, <I0IE> =1
Rising edge [IMC <EM>=0
INT1 P51 S Hising edg lialiis
“\_ Falling edge IMC <I1EM> =1
INT2 P52 & Rising edge [IMC <I2EM> =1
INT3 P53 _f Rising edge [IMC <I3EM> =1
INT4 P72 4 Rising edge T4AMOD <CAP12M1,0>=0,00r0,1or 1,1
“\_ Falling edge TAMOD <CAP12M1,0>=1,0
INT5 P73 4~ Rising edge -
INT6 P66 4/ Rising edge [IMC <IBIIE> =1
INT7 P35 & Rising edge IIMC <I7IIE> =1
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(3) High-Speed uDMA Start Vector

When the CPU reads the interrupt vector after accepting an
interrupt, it simultaneously compares the interrupt vector with
each channel’'s uDMA start vector (bits 4 to 8 of the interrupt
vector). When both match, the interrupt is processed in uDMA

DMAQV
(007CH)

DMA1V
(007DH)

DMA2V
(007EH)

DMA3V
(007FH)

(4) Notes

mode for the channel whose value matched.
If the interrupt vector matches more than one channel,
the channel with the lower channel number has a higher prior-

ity.

#DMAQ Start Vector (read-modify-write is not possible.)

7 i 6 i s 4 . 3 1 2 1 1 i
bit Symbal ' i DMAOVS | DMAOV? | DMAOVE | DMAOVS | DMAOVA
Read/Write W
After reset 0 0 0 0 0

Function |When bits4to 8 of the interrupt vector match bits 0 to 4 of DMAQV, high-speed «DMA channel 0 is processed.
uDMA1 Start Vector (read-modify-write is not possible.)
7 i 8 5 4 3 i o2 i o1 i a0
bit Symbol : DMAI1VS DMATVT DMA1VE DMATVS DMA1V4
Read/Write w
After reset 0 0 ‘ 0 0 0

Function |When bits 4to 8 of the interrupt vector match bits 0 to 4 of DMAGVY, high-speed oDMA channel 1 is processed
#DMA2 Start Vector (read-modify-write is not possible.)
7 & i s 4 3 1 2 1 o0
bit Symbol : DMA2ZVE  DMA2V7 | DMA2V6 | DMA2VS : DMA2V4
Read/Write w
After reset 0 : 0 0 : 0 Q
Function |when bits 4 to 8 of the interrupt vector match bits 0 to 4 of DMAQY, high-speed 4DMA channel 2 is processed
DMA3 Start Vector (read-modify-write is not possible.)
7 . 6 5 a3 oz 1 0
bit Symbol ~_ DMA3VE - DMA3VY DMA3VE DMA3V5 DMA3V4
Read/Write w
After reset 0 : 0 0 0 0

Function

When bits & to B of the interrupt vector match bits 0 to 4 of DMAOV, high-speed «DMA channel 3 is processed

The instruction execution unit and the bus interface unit of this
CPU operate independently of each other. Therefore, if the instruc- ~ and start the interrupt processing from the address
tion used to clear an interrupt request flag of an interrupt is fetched ~ 80AOH.

before the interrupt is generated, it is possible that the CPU might To avoid this, make sure that the instruction used to
execute the fetched instruction to clear the interrupt request flag

while reading the interrupt vector after accepting the inter-
rupt. If so, the CPU would read the default vector OOAOH

clear the interrupt request flag comes after the DI instruction.

20
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3.4 Standby Function

When the HALT instruction is executed, the TMP96C031
enters RUN, IDLE, or STOP mode depending on the contents
of the HALT mode setting register.

reduced to 1/10 or less than that during normal
operation.
(3) STOP:  Allinternal circuits including the built-in oscillator
halt. This greatly reduces power consumption.

(1) RUN:  Only the CPU halts; power consumption remains
unchanged. o
The states of the port pins in STOP mode can be set as
(2) IDLE:  Only the built-in oscillator operates, while all other ~ listed in Table 3.4 (1) using the I/O register WDMOD <DRVE>
built-in circuits halt. Power consumption is bit.
7 6 5 4 3 2 1 0
WDMOD Bit Symbol WDTE WDTP1 WDTPO WARM HALTMA1 HALTMO RESCR DRVE
(O05CH) | Read/Write R/W
After reset 1 0 0 0 0 0 0 0
1:WDT 00:2'/1c Warmingup = Standby mode 1:Connects | 1: Drive pin
Enable 01:2%/1 time 00:RUN mode  watchdog even in
Function 10:2%/ 1 0:264  01:ST0P mode = timer STOP
1:22/1c 1:28 10 IDLE mode  outputto mode.
Detection time 11: Don't care RESET pin
internally.

When STOP mode is released by other than a reset, the
system clock output starts after allowing some time for warm-
ing up set by the warming-up counter fro stabilizing the built-in
oscillator. To release STOP mode by reset, it is necessary to

allow the oscillator to stabilize.

To release standby mode, a reset or an interrupt is used.
To release IDLE or STOP mode, only an interrupt by the NMI or
INTO pin, or a reset can be used. The details are described
below:

Standby Release by Interrupt

Interrupt Level
Standby Mode

Interrupt Mask (IFF2 to 0)
< Interrupt Request Level

Interrupt Mask (IFF2 to 0)
> Interrupt Request Level

Can be released by any interrupt.

RUN After standby mode is released, interrupt processing starts.

Can only be released by INTO pin.
Processing resumes from address next to HALT instruction.

IDLE Can only be released by NMI or INTO pin. After standby mode
is released, interrupt processing starts.

1

STOP 1

1

Note 1: When releasing standby setting INTO to high level input mode, keep it high until interrupt processing starts. If the level drops to low, interrupt process-

ing cannot be started correctly.

TOSHIBA CORPORATION
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Table 3.4 (1) Pin States in STOP Mode

Pin Name 1/0 DRVE=0 DRVE =1
ADO ~ AD7 ADO~7 - -
AD8 ~ 15 — -
AD8 ~ AD15 A8 - 15 B
Input mode PD* PD
P20~ P21 Output mode/A16 - 23 PD* Output
Input mode PD* PD
P30 - P33 Output mode PD* Output
Input mode PU* PU
P34 (R/W/NMI) Output mode PU* Output
NMI Input Input
_ Input mode PU* PU
P35 (RAS/INT7) Output mode pU* Output
RAS Output Output
P40 ~ P42 (€S0~ CS2) Output PU* Output
T oINS Output PU* Output
P43 (CS3/CAS) CAS Output Output
Input - Input
P50 (ANO/INTO) INTO Input Input
P51~ P53 Input - Input
Input mode - Input
P60 - P66 Qutput mode - Qutput
Input mode - Input
P67 (P13/WDTOUT) Output mode - Output
WDTOUT Output Output
Input mode - Input
P70~ P16 Qutput mode - Qutput
ALE QOutput ‘0’ ‘0
CLK Output - ‘1"
RESET Input Input Input
WR Output - “1” Output
RD Output - “1” Qutput
AM8/16 Input Input Input
X1 Input - -
X2 Output ‘1 ‘1

— Input for input mode/input pin is invalid; output mode/output pin is at high impedance.
Input enable state
Input:  Input gate in operation. Fix input voltage to O or 1 so that input pin stays constant.
Output: Output state
PU: Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a pull-up resistor is not set.
PD: Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set.
* Input gate disable state. No through current even if the pin is set to high impedance.

Note:  Port registers are used for controlling programmable pull-up/pull-down. If a pin is also used for an output function (e.g., TO1) and the output function
is specified, whether pull-up or pull-down is selected depends on the output function data. If a pin is also used for an input function, whether pull-up or
pull-down is selected depends on the port register setting value only.
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3.5 Port Functions tions, these port pins also function as input/outputs for internal
The input/output ports of the TMP96C031F consist of a total CPU and built-in /0. Table 3.5 (1) shows the function of each
of 37 bits. port pin.

In addition to general purpose input/output port func-

(R: 1 = With programmable pull-up resistor
Table 3.5 (1) Port Function 1 = WIth programmable pull-down resistor)
Port Name Pin Name Nur::il:‘esr of Direction R Direction Setting Unit Pin Name for Built-in Function
Port2 P20 to P27 8 Input/Output ! Bit AQ to A7/ A16 to A23
Port3 P30 1 Input/Output 1 Bit TO5/HWR
P31 1 Input/Output 1 Bit TIO/WAIT
P32 1 Input/Output 1 Bit BUSRQ
P33 1 Input/Output 1 Bit BUSAK
P34 1 Input/Output 1 Bit R/W/RAS
P35 1 Input/Output 1 Bit RAS/INT7
Port4 P40 1 Output 1 (Fixed) S0
P41 1 Output 1 (Fixed) CS1
P42 1 Output 1 (Fixed) cs2
P43 1 Output 1 (Fixed) CS3/CAS
Portd P50 to P53 4 Input - (Fixed) ANO ~ AN3
Port6 P60 1 Input/Output - Bit PG00/TxDO
P61 1 Input/Output - Bit PGO1/RxDO
P62 1 Input/Output - Bit PG02/CTSO
P63 1 Input/Output - Bit PGO3/RSFH
P64 1 Input/Qutput - Bit PG10
P65 1 Input/Output - Bit PG11
P66 1 Input/Qutput - Bit PG12/INT6
P67 1 Input/Output - Bit PG13/WDTOUT
Port7 P70 1 Input/Output - Bit TO1/T04
P71 1 Input/Qutput - Bit T02/DMUX
P72 1 Input/Output - Bit INT4/TI4
P73 1 Input/Output - Bit INT5/TI5
P74 1 Input/Qutput - Bit TxD1
P75 1 Input/Output - Bit RxD1
P76 1 Input/Output - Bit SCLK1
3.5.1 Programmable Pull-up/Pull-down They can also be set in stand-by (STOP) mode and the load
PORT2 has a built-in pull-down resistor and PORT3 and can be turned on or off when the immediately preceding set-
PORT4 have a built-in pull-up resistor. Normally, their load can ~ 1ing is the value of output latch in input mode or is the value of
be turned on or off from software by setting the value of the output data in output mode.

output latch (registers P2, P3, and P4) during input mode.

Table 3.5 (2) Pull-up/down Function Setting

Programmable Setting
Pull-up/down Out
put latch
Output data ON/OFF Normal Standby (STOP) mode

0 ON Setting enabled only in | Setting enabled in input/
orz (o) rulldonn 1 OFF input mode output mode

0 ON
PORT3 (I/0) Pull-up ] OFF 1 1

0 ON : ;

PORT4 (Qutpu) Pull-up 1 T Setting disabled gﬁigﬂtg rﬁf;fézled only in
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3.5.2 Bus Release Function

used to stabilize bus control signal at bus release.

The pull-up/down function explained in section 3.5.1 is also

Table 3.5 (2) shows pin states at bus release (BUSAK = Q).

Pin state at bus release

Pin Name
Port mode Function mode
ADO - AD15
ADO - AD7 - Becomes high impedance.
(A8 ~ A15)
First sets all bits to low, then sets output buffer to off.

P20 - P27 No status change. ) o
(A16 - 23) (Does not become high impedance.) Lr:lzgal pull-down is added regardless to output latch
% - First sets all bits to high, then sets them to high impedance.

= First sets all bits to high, then sets output buffer to off.
P30 (HWR) No status change. ) ,
P34 (R/W) (Does not become high impedance.) \I/r:ligal pull-down is added regardless to output latch
P40 (CS0) . L

o First sets all bits to high, then sets output buffer to off.
P41 (CS1) N status change. I Internal pull-down is added regardless to output latch
P42 (CS2) (Does not become high impedance.) value
P43 (CS3) '
P71 (DMUX) No status change. ) . . .
P63 (RFSH) (Does not become high impedance.) First sets all bits to high, then sets them to high impedance.
P35 (RAS) No status change. No status change.
P43 (CAS) (Does not become high impedance.) (Does not become high impedance.)

Figure 3.5 (2) shows the external bus interface when the

bus release function is in use. The internal I/O of this device

TMP96CO031F

cannot be accessed when the bus is released.

Ve

(Internal pull
down)

(Internal pull
down)

P00-PO7
(ADO-7)

P10-P17
(AD8-15)

P20-P27
(A16-23)

P63 (RFSH)

P30 (RD) }
P31 (WR)
P71 {DMUX)

P30 (HWR)

Vee

AD bus

Upper address bus

H

Vcec

System control

MLF

Figure 3.5 (1). External bus interface example when bus release function is in use
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3.5.3 Port 2 (P20 - P27)

input mode and connects a pull-down resistor.
In addition to functioning as a general-purpose 1/O port,

Port 2 is an 8-bit general-purpose 1/O port. I/0O can be set on

bit basis using the control register P2CR and function register

P2FC. Resetting resets all bits of output latch P2, control regis-
ter P2CR and function register P2FC to 0. It also sets Port 2 to

bus

data

Internal

Reset

Direction control

{on bit basis)

P2CR write

[

Function control

(on bit basis)

P2FC write

Output

58

Port 2

> latch

P2 write

|
OQutput buffer

N-ch

pull-down

( Programmable

P20~P27
(A16~A23)

)

o
i

P2 read

Figure 3.5 (2). Port 2

Port 2 also functions as an address bus (A16 to 23).

TOSHIBA CORPORATION
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Port 2 Register

7 6 5 o4 i 3 i 2 i 0
P2 bit Symbol | P27 © P26 | P25 i P24 : P23 i P22 i P21 i P20
(0006H) |Read/Write R/W
After reset Input mode (Output latch register is cleared to “0".)
Port 2 Control Register
7 . 6 i 5 i a4 i 3 i 2 i 1 i g
P2CR  [bit Symbol | P27C : P26C | P25C | P2aC i P23C . P22€ | P21C | P20C
(0008H) Read/Write w
After reset o o ¢ o f{ o ¢ 0o i 0o i 0o i o0
Function < < Pair P2CR with P2FC. See P2FC below.>>
Port 2 Function Register
7 1 6 i 5 i 4 3 2 i 1 i 0
P2FC  fuit symbol | P27F | P26F © P25F © P24F : P23F | P22F i P21F | P20F
(0009H) N
Read/Write w
After reset 0 0 0 o] 0 0 : 0 0
Function P2FC/P2CR=00:IN,01:OUT, 10: -, 11: A23-16
Note: When using as an address bus, set I_. Port 2 function setting
P2CR first, then P2FC. 2FC<P2XF>
P2CR 0 1
<P2XC>
Read-modify-write is
prohibited for registers 0 Input -
P2CR and P2FC.
address bus
1 Output (A23-16)

Note: <P2XF> isbit X in register P2FC; <P2XC>; inregister P2CR.

Figure 3.5 (3). Registers for Port 2
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3.5.4 Port 3 (P30 - P35) pull-up resistor. In addition to functioning as a general-pur-
Port 3is a 6-bit general-purpose /0 port. I/O can be setbit by~ Pose /O port, port 3 is also used for CPU control/status signal
bit using control registers P3CRL and P3CRH. Resetting sets  interrupt input, and timer 1/O.

all bits of P3 to 0; P30 to P35 to input mode and connects a

Reset

- S
Output latch
P3 Write F—I}
P3CRL
(bit1)
o }
> Write
o 1 P-ch ( Programmable )
Pull-up
o P3CRL
DO
o (bit0) ] o )
o T 32 > [] P30 (rosmwe)
Write Selecror
A
]

Internal
N\ gg&
']

( t — P3 Read

Figure 3.5 (4). Port 3 (P30)
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Reset

pp—

bus

I —

S
Qutput latch

P3 Write

P3CRL

data

(bit3)

Write

R
P3CRL

Internal

(bit2)

Write
< Selector

0 !

Sa

{>O—| ETP-ch Programmable )
Pull-up

—{ ] P31 (WATT/TIO)

L B
P3 Read

Internal

WAIT
TIO

Reset

—

bus

data

3

S
QOutput latch

)
P3 Write

P3CRL

(bit5)

Write

i
P3CRL

DO'{ gP{h Programmable )
Pull-up

L

Internal

(bitd)

Write
rd Selector

Sa

{] P32 (BUSRQ)

L B
P3 Read

Internal

BUSRQ

Figure 3.5 (5). Port 3 (P31, P32)
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N
g T e
Qutput latch

4
P3 Write
¥
P3CRL
(b:.?) 5 gP-ch Programmable )

Pull-up

bus

data

Write A

Selector P
T3 g > 7] P33 (BUSAK)
P3CRL c
(bit6)

4

Write
/]

- L

-1

Internal

P3 Read

Internal
BUSAK
Reset

U

P3CRH
(bit3)

}

Write

/

bus

P3CRH
(bit2)

data

Write >0 [ P-ch( Programmable )
——+ ¢ pull-up

S S
Output A - ‘ {1 P35(RAS/NT7)

latch .
selecte Output buffer

4 B
P3 Write F
LI Selector
\LQO;

P3 Read

Internal

INT7
Interrupt _G_]
IIMC<I7IE>

Figure 3.5 (6). Port 3 (P33, P35)
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(1) P34/NMI/R/W

Port 34 is a general-purpose I/O port, shared with non-
maskable interrupt input pin (NMI). The NMI pin is selected by
the control register P3CRH <P34C1,P34C0>. By setting
<P34C1,P34C0> = <0,0>, it turns to the NMI input pin. Since

the NMI pin is specified only once, the NMI pin cannot be
switched to the general-purpose port. The <P34C1,P34C0>
should be initialized to “0” by resetting in order to switch to the
general-purpose I/O port mode. Port3 register (P34) is set to
be “1” when the pull-up resistor is attached.

(\’ Reset
P3CRH
(bit1)
> t
L
o Write
- P3CRH
© (bit0)
) t
P
= ‘
= 3 )
v Output A Y > {1 P3a(NMIRAW)
+ latch Selector Output
e l"B buffer
P3 Write -
RAW r‘
S
<7} Y A
P3 Read B~
U
NMI
Interrupt < 5
_4
3 —
detect

Figure 3.5 (6). Port 3 (P33, P34)
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Port 3 Register

7 6 5 4 3 2 1 0
P3 bit Symbol {opas L pu P33 P32 P31 P30
(0007H) Read/Write RAW
After reset 1 1 : 1 1 i 1 1
Function Input mode (Pulled-up)
Port 3 Control Register L
7 . 6 5 0 4 3 0 2 10
P3CRL |bit Symbol | P33C1 : P33CO : P32C1 © P32C0 | P31C1 | P31CO © P30CT . P30CO
(000AH) Read/Write w w w w
After reset 0 0 : 0 0 : 0 0 H 0 0
00: PORT input 200: PORT input 00: PORT input 00: PORT input
Function | 41, pORT output ?01: PORT output : 01: PORT output 01: PORT output
10: BUSAK £10: BUSRQ 10— £10: 705
11— 1= 1 — D11 HWR
Port 3 Control Register H
7 6 5 i 4 3 2 10
P3CRH [bit symbol | RDEN : P35CT i P3SCO | P34CT | P34CO
(000BH) Read/Write w w w
After reset 0 o0 10 o i
1: pseudo 00: PORT input i 00: PORT input
Function | cpapy 01 PORToutput  : 01: PORT output
EN i 10: RAS H
R

Read-modify-write is
prohibited for registers
P3CR and P3FC.

‘—’ RD function setting

Note:

0 | RD output only when externally accessed

1 | Always RD output (for pseudo SRAM)

Setting P3CRH<RDEN> to 1 outputs RD strobe (for
pseudo static RAM) even when accessing the internal
address area. Resetting to 0 outputs RD strobe only
when the external area is accessed.

Figure 3.5 (8). Port 3 Registers

There is no port/function switch register for pin P31 (TIO/WAIT). For example, if pin P31 is used as an input port, data are input to 8-bit timer 0. If pin

P31 is used as the WAIT pin, set PBCRL <P31C1,0) > to 00, and bits 3 and 2 <BXW1,0> in the chip select/wait control register to 10.

If pin P35 (RAS/INT7) is used as the INT7 pin, set P3CRH <P35C1,0) to 00 and <171E> to 1.

TOSHIBA CORPORATION

31



TMP96CO031N/F

3.5.5 Port 4 (P40 - P43) function register PAFC. Resetting sets the output register for
Ch|p select CSO - CS3 outpu‘ts and column address strobe in the function I’egiSter to 0. P40, P41 , and P43 are set to out-

CAS (CS3 only) output. To select the function to be used, use put ports for outputting 1; P42 to output port for outputting O.

Y
Reset
]
2 Function Control
. {On bit basis)
e A
_ PAFC Write
© ¥
c S S M~ .
- Output A > —{] P40 (C50)
v a‘: Selectar Output buffer P41 (CST)
- B CS3/CAS
c PaWrite r; P43 (CS3/CAS)
- G50, C51, CS3/RAS
\L P4 Read
U

Figure 3.5 (9). Port 4 (P40, P41, P43)
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Y
Reset
3
B
2 Function Control
@ (On bit basis)
_ PAFC Write
o }
< o R S ~
= utput A —
w latch L [ pa2 (Ts2)
- SBE"G(“" Output buffer
c P4 \Alrite M~
h 1 cs2
KJ P4 Read
Figure 3.5 (10). Port 4 (P42)
Port 4 Register
7 6 5 1 4 3 2 ; 1 0
P4 bit Symbol ; P43 P42 P P40
(00OCH) Read/Write RIW
After reset 1 0 1 1
Function Output mode
Port 4 Function Register
7 6 : 5 : 4 3 2 ! : 0
PAFC bit Symbol | BUS WDT : i opasF Pa2F P41F P4OF
(0010H) Read/Write W w
After reset 0 0 o0 i o0 0
0: BUSRQ [0: PORT 0: PORT :0: PORT i0: PORT
Function DIS M: T83 i1 €S2 1 GS1T 1 C80
1: BUSRQ \ JCAS : :
EN

P4FCis disabled for read-modify-write.

| I Explained in section 3.12, Watchdog timer.

P4FC is disabled for read-modify-write.

Figure 3.5 (11). Registers for Port 4

Note: To select the function to be used for P43, use the B3CS register for the chip select/wait controller.
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3.5.6 Port 5 (P50 - P53)
Port 5 is a 4-bit input dedicated port which is also used for

P5
(000DH)

analog inputs or external interrupts.

™
Level/edge
INTO detect limc

w <NIE~I3IE>

] IIMC < I0IE > ¥

o IIMC<IOLE>

INT1~INT3

© A Port5

" hy P50~P53

© PS5 Read (INTO~INT3/ANO~AN3)

©

© ADREG A/D 4 channel

c Regi - c i analog

- T egister onverter Multiplexer

]

- :\DREG

c ead
F

Figure 3.5 (11). Port 5 (P50, P51, P52, P53)
Port 5 Register
7 6 5 4 3 2 : 1 0

bit Symbol P53 Ps2 © PS1 . PS5O
Read/Write R
Function Input mode

Note : There is no input switch register for AN0-3/INTO-3; data are input to both.
When port 5 is used for INTO-5, set interrupt input mode control registers 0 and
1,1IMC0O and 1<101E-131E>,to 1.
When port 5 is used as the input channel for the A/D converter, set the A/D
converter mode register, ADMOD.

Figure 3.5 (12). Register for Port 5
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3.5.7 Port 6 (P60 - P67) P63: DRAM controller refresh signal pin

Port 6 is an 8-bit port. I/O can be set bit by bit. In addition to P66:  external interrupt request input INT6 pin.
functioning as an I/O port, pins P60 to P67 function as follows: ~ P67:  watchdog timer WDT output pin. Set using port 6 con-

P60 - P63/P64 - P67: pattern generate PGO/PG1 output trol registers. PECRL and PECRH.
P60: serial channel TxDO output pin and programmable . .

open drain function. Resetting sets control registers PBCRL and P6CRH to O; all
P61: serial channel RxDO output pin bits to input mode.

P62: serial channel CTSO output pin

Reset

M~
P6CRUH
(Upper bit)
P6CRL/H
(Lower bit)
N !
>
e} ;
S
®
- QOutput latch —LEDO
o ! D1 > [] Peo paoorTxo0)
P6 Write D2 PEO P63 (PGO/RFSH)
-_ D3 (Open drain P67 (PG13/WDT)
© Selector setting enable)
< ODE<ODEO>
. B |-
o
-
c
- PGOO, PG13
TxD0O, WDTOUT, RFSH
S A
< v
L P6 Read 8

Figure 3.5 (13) Port 6 (P60, P67)
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[ ] Pe1 (peo1RXDD)
P62 (PGO2/CTS0)
P66 (PG 12/INT6)

Figure 3.5 (15). Port 6 (P63, P64, P65)

{] eeacparo)

P65 (PG11)

Reset
~—
P6CRL/H
(Upper bit) L/‘
whte
. |
3
a PBCRL/H
(Lower bit)
L]
: Write
o L
S
—_—
Outputlatch [ L—»[a s
L]
c -
$ Selector L
; P6 Write
| PGO1,PGO2,PGI2— |8
c ‘
— S A
d!
Selector
I
P6 Read B
RxDO, CTSO
INT6 <—G—‘
e IIMC <I6IE>
Figure 3.5 (14). Registers for Port 6 (P61, P62, P66)
~— Reset
P6CRUH
(Upper bit) D
o f
> Write
© P6CRL/H
Al (Lower bit)
@
o
Write
1]
c S
. Outputlatch _l_,.A S
@ T
::. PG Write Selector
—| PGO3,PG10,PG11—(B
—
S OA
N*——Qf Selector
P6 Read B
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Port 6 Register

7 6 s 4 i 3 2 i 0
P6 bit Symbol P67 | P66 P65 P64 ©ope3 :oP62 P61 P60
(0012H) Read/Write R/W
After reset Input mode
Functien I A T 1 1
Port 6 Control Register L
7 ¢ & i 5 i a4 i 3 i 2 T
P6CRL |bit Symbol | P63Ct | P63CO P62CI | PE2CO | PEICT : PGICO PEOCT | P6OCO
(0014H) [zeagnurite w W w w
Afterresst| 0 ;. o i 0 i 0 1 0 . 0 i 0 i 0
00: PORT input EOO: PORT input 500: PORT input 500: PORT input
Funciion lo1: pORToutput ~ [01: PORToutput  [01: PORToutput  :01: PORT output
10: PGO3 £10: PGOZ- :10: PGO1 :10: PGOO
11: RFSH = = i11: TXDO
Port 6 Function Register H
7 6 s i 4 1 3 i 2 1o
P6CRH |[bit Symbol | PE7CI © PE6CO | P66CT | P66CO | PBSCI © PESCO P6ACT i P64CO
(0016H) Read/Write W w : w W
After reset 0 0 0 : 0 0 0 : 0 0
00: PORT input 500: PORT input 100: PORT input 500: PORT input
Function {51 pORT output :01: PORT output :01: PORT output i01: PORT output
10: PG13 :10: PG12 110: PG11 :10: PG10
11: WOTOUT - 1 — 1 —

Read-modify-write is prohibited for registers P6CR and P6FC.

Note: To setthe TXDO pin to open drain output, write 1in bit 0 <ODEQ > in the ODE register.

There is no port/function switch register for pin P61/RXDO0. If pin P61 is used as an input port,

data are input asserial receive data to SIO. When pin P66/PG12/INT6 is used for INTG, set

P6CRH<P66C1,0> to 00 and IMC1<161E>to 1.

Figure 3.5 (16). Registers for Port 6
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3.5.8 Port 7 (P70 - P76) P70 - P76 to input mode. In addition to functioning as a gen-

Port 7 is a 7-bit general-purpose I/O port. I/O can be set bitby ~ eral-purpose /O port, port 7 as follows: interrupt input, timer
bit using control registers P7CRL and P7CRH. Resetting sets /O, DRAM address multiplex, serial channel send/receive
all bits in P7 to 1; control registers P7CRL and P7CRH to 0; (TXD1 and RXD1), and transfer clock input (SCLK1) pin.

Reset

Direction control
(On bit basis)

f

P7CR Write

bus

Function contral
(On bit basis)

PTFC Write

1
S

Outputlatch —I_EDO
¢ D1 [~

> [ ] procrormos
P7 Write —™|Dp2 P71 (TO3/DMUX)
TO1, 703 D3

Selector
TO4, DMUX A

B |-

—

S OA

w Selector

- P7 Read B

data

Internal

Figure 3.5 (17). Port 7 (P70, P71)
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[7] pr2(miannta)
P73 (TIS/INTS)
P75 (RXD1)

Figure 3.5 (19). Port 7 (P74)

[
P7CRL/H
s (Upper bit)
3 4
e} 1
© P7CRL/H
+ (Lower bit)
©
o
— S
© Output latch L~
N f
w P7 Write S A
—
c ﬂ Selector
P7 Read B
Ti4, TI5, RxD1
—JJ
Figure 3.5 (18). Port 7 (P72, P73, P75)
Reset
~
P7CRH ‘]—\
(bit1) 1~
“ Write
>
el
P7CRH
@ (bit0)
-
o 4
© Write
© S
c Output latch P A S
.
v % Selector {\/
C B P74 (Open drain
_ setting enabled)
XD ODE<ODE1>
S A
\/Irj Selector
P7 Read B
g

{ ] pracrxon)
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bus

data

Internal

Reset

P7CRH

(bit5)

]

P7CRH

Y

(bit4)

}
R

Output latch Tl

P7 Write

SCLKOUT ————|

A 5

Selector

B

—

<—_§];_

5 A

Selector

P7 Read

B

SCLKIN

Figure 3.5 (20). Port 7 (P76)

—{ ] P76 (scikn
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P7
(0013H)

P7CRL
(0015H)

P7CRH
(0017H)

Port 7 Register

7 6 : 5 : 4 : 3 : 2 1 0
bit Symbol P76 P75 i Pla . P73 | PT2 P71 P70
Read/Write R/W
After reset Input mode

Function I b 1 1
Port 7 Control Register L

7 6 5 i 4 3 12 10
bit Symbol P73C1 P73C0 | P72C1 P72C0 P71C1 P71C0 p70C1 i P70CO
Read/Write w W : w w
After reset 0 Q 0 ‘ 0 0 0 0 : 0

00: PORT input

?00: PORT input :00: PORT input

:00: PORT input

Function 141: pORT output i01: PORT output ‘01: PORT output i01: PORT output
10: — 210 — 10: TO3 :10: TO1
1:— 1 — 111: DMUX i11: 704
Port 7 Control Register H
7 6 i5 4 H 3 : 2 1 0
bit Symbol P76C1 : P76C0 P75C1 P75C0 P74C1 pP74C0
Read/Write w w w
After reset 0 ] 0 0 0 0

Function

EOO: PORT input
?OW: PORT output
§10: —

=

:00; PORT input
EUI: PORT output
£10: SCLKT
=

:00: PORT input
101: PORT output
110: TxD1
éﬂ;f

Read-modify-write is prohibited for registers P7CR and P7FC.

Note :To set the TxD1 pin to open drain output, write 1in the 1<ODE1> in the ODE
register.
There is no port/function switch register for pin P75/RXD1. if pin P75 is used as
an input port, data are input as serial receive data to SIO. Thereisno

port/function switch register for pin P72/T14/INT4 or pin P73/T15/INTS. If pin P72

or P73 is used as an input port, data are input to the 16-bit timer. When pin
P72/P73 is used for INT4/5, set P7ZCRL<P73C1,0> to 00 and
IMMCO<14TE>/1TMCTI<151E>to 1.

Figure 3.5 (21). Registers for Port 7
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3.6 Chip Select/Wait Control

The TMP96C031F has a built-in chip select/wait controller
used to control chip select (CSO - CS3 pins), wait (WAIT pin),
and data bus size (8 or 16 bits) for any of the three block

address areas.

The select pin (AM8/16) is used to select the width of the
external data bus. (See section 3.1.2, External data width

3.6.1 Control Registers

Table 3.6 (1) shows control registers

The block address areas is controlled by corresponding
CS/wait control register (BOCS, B1CS, B2CS, B3CS) and start
address register/address mask register (explained in section
3.6.2, Address area).

Registers can be written to only when the CPU is in sys-

select pin.) tem mode. (There are two CPU modes: system and normal.)
The reason is that the settings of these registers have an
important effect on the system.
Table 3.6 (1) Chip Select/Wait Control Register
7 6 : 5 4 3 2 i o
BOCS | bitsymbol |  BOE BOSYS | BOARE : BOBUS : BOWI BOWO : BEXW1 i BEXWO
(0068H) | Read/Write w
After reset o : 0 : 0 o ¢ 0 0 0o i 0
0:TS0  :1: SYSTEM:0: 7FO0H :0: 16BIT 00: 2WAIT 00: 2WAIT
DIS : ONLY : ~7FFFHi1:8BIT 01: TWAIT 01: TWAIT
Function |1: CS0 1 address | 10: TWAIT+n 10: TWAIT +n
EN ©oarea | 11: OWAIT 11: OWAIT
specifi- :
¢ cation
g1cs | bitSymbol B1E BISYS | BI1ARE | BIBUS BIW1 B1WO
{(0069H) | Read/Write wW
After reset 0 0 0 : 0 0 0
0: G5T 0:80H
DIS | ~7FFFHi
Function |[1:CS1 i1: address | — —
EN : area :
specifi-
¢ cation
g2Cs | bitSymbol B2E B25YS | B2ARE : B2BUS B2wW1 B2WO
(006AH) | Read/Write w
After reset 1 0 0 :Undefined: 0 0
0: €52 :0: B0OOH
DIS i~ 3FFFFFH:
Function |1:C52 RE addressi -_ —
EN : area :
specifi-
cation H
g3cs | bitsymbol B3E B3SYS | B3ARE . B3BUS | B3WI B3IWO B3CAS SRFC
(DOBBH) Read/Write W
After reset Q 0 : Q 0 : 0 0 : 0 : 1
0: T3/ fooun 0:CG53 s self
CASDI i defined! output | refresh
Function |1:CS3/ | {1: address ! 1:TAS/ | execu-
CASEN : ©oarea | output : tion
: specifi- ‘\ Release
cation i
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Enable 3)

Control register bit 7 (BOE, B1E, B2E, and B3E) is a
master bit used to specify enable “1”)/disable “0” of
the setting.

Resetting sets BOE, B1E, and B3E to disable “0” and
B2E to enable “1”.

System only specification

Control register bit 6 (BOSYS, B1SYS, B2SYS, and
B3SYS) is used to specify enable/disable of the setting
depending on the CPU operating mode (system or nor-
mal). Setting this bit to O enables setting (Address (4)
space for CS, Wait state, Bus size, etc.) regardless of
the CPU operating mode; setting it to 1 enables setting
in system mode but disables setting in normal mode.
Resetting clears bit 6 to 0.

Bit 6 is mainly used when external memory data
should not be accessed in normal mode (i.e., for sys-
tem mode only memory data for the operating system).

Address area specification

Control register bit 5 (BOARE, B1ARE, B2ARE, and
B3ARE) is used to specify the target address space.
When this bit is set to “0” after reset, CS0 is set to
addresses 7FO0H to 7FFFF, CS1 is set to address 80H
to 7FFFH, and CS2 is set to addresses 8000H to
3FFFFF. CS8 is undefined. (See 3.6.3 Default Address
Space Specification.) When this bit is set to “1”, the
target address is the address space is the address
space specified by the memory start address register
MSAR and memory start address mask register
MAMR. (See 3.6.2 Address Space Specification.)

Data bus width select

Control register bit 4 (BOBUS, B1BUS, B2BUS,
B3BUS) is used to specify the data bus width. When
this bit is set to “0”, memory is accessed in 16-bit data
bus mode. When this bit is set to “1”, memory is
accessed in 16-bit data bus mode. However, this bit is
valid only in 16-bit bus mode (AM8/16 pin = “0”). In 8-
bit bus mode (AM8/16 pin = “1”), all address space is
accessed in 8-bit data bus mode regardless of the
value of this bit. (See 3.1.2 External Data Bus Width
Selection Pin.)

The changing data bus width according to the address
to be address to be accessed is referred to dynamic
bus sizing. Table 3.6 (2) shows the details of the bus
operation.
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Table 3.6 (2) Dynamic Bus Sizing

Operand Operand Memory CPU Address CPU Data

Data Size Start Address Data Size D15 - D8 D7 - DO
2n+0 8-bit 2n+0 XXXXX b7 -b0
8-bit (even number) 16-bit M40 Xo0K b7 - b0
n+1 8-bit n+1 XXXXX b7 - b0

(odd number) 16-bit 2n+1 b7 - b0 XX
8-bit 2n+0 XXXXX b7 -b0
2n+0 n+1 XXXXX b15-b8
(even number) 16-bit M40 b15 - b8 b7- b0
16-bit 8-bit 2n+1 XXXXX b7 - b0
n+1 2n+2 XXXXX b15-b8

(odd number) {6-bi on+1 b7 - b0 XXXXK
2n+2 XXXXX b15-Db8
2n+0 XXXXX b7 - b0
2n+1 XXXXX b15- b8
M40 8-bit 2n+2 XXXXX b23 - b16
(even number) 2n+3 XXXXX b31-b24
16-bit 2n+0 b15- b8 b7 - b0
b1t 2n+2 b31- b24 b23 - b16

-bi

2n+1 XXXXX b7 - b0
2n+2 XXXXX b15- b8
o0 41 8-bit n+3 XXXXX b23 - b16
(odd number) 2n+4 XXXXX b31-b24

2n+1 b7 -b0 XXXXX
16-bit 2n+2 b23 - b16 b15- b8
n+4 XXXXX b31 - b24

xxxxx:  During a read, data input to the bus is ignored. At write, the bus is at high impedance and the write strobe signal remains non-active.
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