











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TOSHIBA

TMP8237A

~ MEMR (Memory Read, Output)

This is a low active 3-state output used for transferring data from a memory to &

peripheral device or for data accessing from a selected memory during the
Memory-to-Memory transfer.

MEMW (Memory Write, Output)

This is a low active 3-state output used for transferring data from a peripheral

device to a memory or for writing data into a selected memory during the Memory-
to-Memory transfer.
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5.1

5.2

OPERATIONAL DESCRIPTION
DMA OPERATION

The TMP8237A has two operations; idle cycle and active cycle. Each of these cycles
consists of several states.

On the TMP8237A, it is possible to consider 7 states each of which consists of one
clock cycle. State I (SI) is an idle state. This is such a state as there is no valid DMA
request pending. Slis a program condition state which is programmable by MPU.

State 0 (S0) is the first DMA service state. This is a state that the TMP8237A made a
hold request to MPU but not yet received the acknowledge signal from MPU. When the
acknowledge signal is received from MPU, the transfer is started.

S1, S2, S3 and S4 are the DMA service states. If more time is required by the
transfer, it is possible to insert the wait state (SW) before S4 by READY input to the
TMP8237A.

In the Memory-to-Memory transfer, in order to assure complete transfer, read from
the memory and write to the memory are required. 8 states are necessary for one
transfer. The first four status (S11, S12, S13 and S14) are read from the memory and the
latter four state (S21, S22, S23 and S24) are write to the memory.

The temporary data register is used as an intermediate storage area of memory bytes.

IDLE CYCLE

When DMA service is not requested by channels, the TMP8237A enters into the idle
cycle and is placed in SI state. In order to check if the channels request DMA service, the
TMP8237A samples DREQ for every clock.

The TMP8237A also samples CS to check if MPU is requesting read or write of
internal registers. When CS is low and HLDA is also low, the TMP8237A is placed in
the program condition.

At this time, MPU is able to change or check the content of any internal register
through read or write from that register.

Address lines Ag-Ag are input signals and used for selecting a register being read or
written. IOR and IOW are used for selecting read or write and decide read/write timing.

The internal flip-flop is used for generating address extension bits according to
number and size of internal registers. (First/Last flip-flop) This bit is used for deciding
high or low order byte of 16-bit address and word count register.

The flip-flop is reset by the master clear or reset. In addition, this flip-flop also can be
reset by an idependent software command.

On a special software command, the execution in the TMP8237A program condition is
possible. These commands are decoded as in the address setting when both CS and IOW

are active.
The data bus is not used for this command. This command is available in three types;
clear First/Last flip-flop , master clear and clear mask register.
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5.3

5.3.1

ACTIVE CYCLE

When the TMP8237A is in the idle cycle and the channels are requesting DMA
service, the TMP8237A outputs HRQ to MPU and goes into the active cycle. In this
cycle, the DMA service for any one of 4 modes is executed.

Single Transfer Mode:

In this mode, the TMP8237A performs a single byte transfer during each HRQ/HLDA
handshake. When DREQ becomes active, HRQ becomes active.

After MPU responds by drivving HLDA active, a single byte transfer will take place.
After the transfer HRQ becomes inactive, its word count is decreased, and address is
increased or decreased. When word count changes from 0000H to FFFFH, a terminal
signal is generated and if the channels are programmed, the auto initialization is made.

To execute the single byte transfer, it is necessary to hold DREQ until DACK
corresponding each DREQ becomes active. If DREQ is continuously active, HRQ
becomes inactive following each transfer and then, becomes active again, and the new
single byte is executed following the leading edge of HLDA.

On the 8085A system, one machine cycle can be executed during the DMA transfer.

5.3.2 Block Transfer Mode:

In this mode the TMP8237A continues the transfer until terminal count (TC) is
generated or an external End of Process signal (EOP) is encountered. Here, TC is
produced when the word count changes from 0000H to FFFFH.

What is requied for DREQ is to hold it in active state until DACK becomes active.
Auto initialization (if so programmed) is taken place at the end of DMA service.

5.3.3 Demand Transfer Mode:

In this mode the TMP8237A continues the transfer until TC is produced or EOP is or
DREQ becomes inactive. Thus, it is possible for a device, which is requesting the DMA
service, to suspend the transfer by making DREQ inactive. The service is resumed when
DREQ is made active again. It is possible to read an intermediate value of address and
word count from the current address and current word count register of the TMP8237A
while the system bus is returned to MPU during execution of the DMA service.

The auto initialization is taken place following TC or EOP at the end of DMA service.
In order to perform a new DMA service following the auto initialization, the active edge
of DREQ is necessary.
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5.3.4 Cascade Mode:

5.4

This mode is used when the TMP8237A is cascade connected for a simple system
expansion. HRQ and HLDA of the additional TMP8237A are connected to DREQ and
DACK of the first TMP8237A. DMA request to the TMP8237A which is added for the
purpose of system expansion is authorized by the priority circuit of the first TMP8237A.

If the priority is already decided, the additional device must wait till the acknowledge
request. The cascade channel of the first TMP8237A is used only for deciding priority of
the additional TMP8237A and therefore, the channel itself does not output address nor
control signal. This is to prevent the added device from colliding with output of the
cascade channel. On the TMP8237A, DACK respond to DREQ.

However all other outputs except HRQ are disabled.

The state of cascade connection is shown in Figure 5.1. In Figure 5.1, two levels of
DMA are formed. To further expand the TMP8237A, it is possible to add it to the second
level using the remaining channel of the first TMP8237A. To further add another
TMP8237A, the third level can be formed by cascade connecting it to the second level.

2nd Level
1st Level
Micro- TMP8237A
processor HRQ DREQ HRQ
HLDA DACK HLDA
TMP8237A
DREQ HRQ
DACK HLDA
TMP8237A
Initial Device P83
Additional device 050489

Figure 5.1 Example of Cascade Connection of TMIP8237A
TRANSFER FORMAT

3 different transfer format are available for 3 active transfer modes.

They are read, write and verify. In the write transfer, data is transferred from I/O
device to memory by MEMW and IOR. In the read transfer, data is transferred from
memory to I/O device by MEMR and IOW.

The verify transfer is a pseudo transfer. The TMP82C37A perform such operations as
address generation for read or write transfer, answer to EOP, etc. However, memory or
I/O control line does not become active.
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55

5.6

5.7

MEMORY-TO-MEMORY TRANSFER:

The TMP8237A has the ability of block movement and is capable of transferring data
block from one memory address location to another location. When Bit 0 of the
command register is programmed at Logic 1, Channel 0 and 1 operate as the Memory-to-
Memory transfer channels.

Channel 0 serves as a source address and Channel 1 as a destination address, and the
word count of Channel 1 is used. The Memory-to-Memory transfer is executed when
software DMA request is set for Channel 0.

The Memory-to-Memory transfer must use the block transfer mode.

When Channel 0 is programmed as a fixed source address, it is possible to write single
source words into a memory block.

When the TMP8237A is programmed for the Memory-to-Memory transfer, Channel 0
and Channel 1 must be masked. The same value as that is set for Channel 1 must be set
for the word count of Channel 0. During the Memory-to-Memory transfer, AEN became
active but DACK does not become active.

During the Memory-to-Memory trnasfer, the TMP8237A respond to external EOP
signal. In the block search, the data comparator uses this (EOP) input to terminate the
DMA service when match is found. The Memory-to-Memory transfer timing is shown in
Timing Diagram 4.

AUTO INITIALIZATION:

When Bit 4 of the mode register is set to 1, the channels are set up for the auto
initialization. During the auto initialization, data are loaded into the current address
and current word count registers from the base address and base word count registers,
respectively, following EOP. The base registers are loaded by MPU simultaneously with
the current registers and remain unchanged during the DMA service.

When the channels are under the auto initialization, mask bit is not set by EOP.

Following the auto initialization, that channel is prepared to execute the service
without interposition of MPU.

PRIORITY:

The TMP8237A has two types of priority which can be selected by software. The first
type is the fixed priority. Channel priority is fixed by channel number. The lowest
priority is channel 3, followed by 2, 1, and the highest priority is channel 0.

The second type is the rotating priority. In this type, an accepted channels is then
given with the lowest priority .

On the rotating priority in the single chip DMA system, the highest priority of any
one channel comes after no more than three higher priority services have occurred. This
rotating priority prevent a specfic channel from occupying the system all the time.(See
the following next page diagram.)
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5.8

5.9

1st Service 2nd Service 3rd Service
The highest - .
priority 0 2 —— Service 3 <—Service
1 <—Service 3 = Request 0
The lowest 2 ‘\0 1
priority 3 1 050489

The priority judging circuit selects a channel with the highest priority requesting the
DMA service for every active edge of HLDA

Once the channel starts the service, that operation will not be suspended even when
the service is demanded by another channel with higher priority. A channel with higher
priority can get the control right only after a channel with lower priority relinquished
HRQ.

Whenever the control is transferred from a channel to another channel, MPU gets the
system bus control right. This assures the leading edge of HLDA which is used for
selecting a channel with the highest priority.

COMPRESSED TRANSFER TIMING:

In order to accomplish greater throughout allowed by system characteristics, the
TMP8237A is capable of compressing the transfer time to 2 clock cycles. As can be seen
from Timing Diagram 3, State S3 is used to extend readout pulse access time. When
State S3 is removed, readout pulse width becomes equal to write pulse width. Then, the
transfer will consist of State S2 for changing address and State S4 for executing
read/write. State S1 is produced when Ag to Ais are updated (refer to Address
Generation). Compressed transfer timing is shown in Timing Diagram 5.

During Memory-to Memory transfer, compressed transfer is not available.

ADDRESS GENERATION:

To reduce number of pins, the TMP8237A has the multiplexed address/data bus.
State S1 is used to output high order address byte to the external latch. The trailing
edge of ADSTB is used to load the address byte from the data line on the external latch
circuit.

AEN is used to enable latch outputs from 3 states. Low order address byte is directly
output by the TMP8237A.

Ag to A7 are connected to address bus. Timing Diagram 3 show the relationship
among CLK, AEN, ADSTB, DBg to DB7 and Ag to A7.

Addresses produced during the block and demand transfers are sequential. For many
transfer the same address data will be held in the external address latch. This address
data changes only when carry or borrow from A7 to Ag is produced in the normal
sequence. To raise system through put, on the TMP8237A, S1 state is executed only for
updating Ag to A5 requiring the external latch.
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6.

6.1

6.2

DESCRIPTION OF REGISTERS

Register Name Size Number
Base address register 16-bit 4
Base word count register 16-bit 4
Count address register 16-bit 4
Current word count register 16-bit 4
Temporary address register 16-bit 1
Temporary word count register 16-bit 1
Status register 8-bit 1
Command register 8-bit 1
Temporary register 8-bit 1
Mode register 6-bit 4
Mask register 4-bit 1
Request register 4-bit 1

. . 050489
Figure 6.1 Internal Registers

CURRENT ADDRESS REGISTER:

Each channel has a 16-bit current address register. This register holds addreses that
are used during the DMA trnasfer. After each transfer, this register is automatically
incremented or decremented, and intermediate address values are stored in the current
address register during the transfer. Write or read of this register is made by MPU. An
original value is initialized again by the auto initialization.

The auto initialization is taken place only after EOP.

CURRENT WORD COUNT REGISTER:

Each channel has a 16-bit current word count register. For this register, the number
of words to be transferred that is one less than that to be transferred must be
programmed. The word counter is decremented after each transfer. Intermediate
values of word count are stored in this register during the transfer. When the register
value goes from 0000H to FFFFH, TC (Terminal Count) is produced.

When this register is in the program condition, load or read is made by MPU.
Following the end of DMA service, this register is initialized to original values again by
the auto initialization.

The auto initialization is taken place only when EOP is produced.

Note that the content of the word count register becomes FFFFH following internally
produced EOP.
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6.3

6.4

BASE ADDRESS REGISTER, BASE WORD COUNT REGISTER:

Each channel has a pair of registers; the base address register and base word count
register. These 16-bit registers store original values of related current registers. These
registers are used to store original values of current registers at time of the auto
initialization. Write to the base register is made at the same time of write into
equivalent current registers during the programming by MPU.

Therefore, write into the current registers which store intermediate values are made
over these intermediate values. The base register cannot be read out by MPU.

COMMAND REGISTER:

This 8-bit register controls the operation of TMP8237A. This command register is
programmed (clear or reset) by MPU when it is in the program condition. The figure
presented below show the functions of command bits. For address codes, refer to
Figure 6.2.

!

—
—
W—_JO

Memory-to-memory transfer disable
Memory-to-memory transfer enable
Channel 0 address hold disable
Channel 0 address hold enable

In case of bit0 =0

Controller enable

|

l

Controller disable
Normal timing
Compressed timing
In case of bit0=1

Fixed priority

Rotating priority
Normal write pulse
Extended write pulse

In case of bit3=1
DREQ sense active high.
DREQ sense active low.

DACK sense active low.

S N S S A — A A

PO RO X PO RO X PO RO X Rk O RO

DACK sense active high. 050489
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6.5 MODE REGISTER:

All channels have a 6-bit mode register, respectively. This mode register is written
by MPU when it is in the program condition, and Bit 0 and 1 select the channel to be
programmed is to be written.

7 6 5 4 3 2 1 0 = Bit

S S————"————" (00 Selection of channel 0
01 Selection of channel 1
10 Selection of channel 2
11 Selection of channel 3
00 Verify transfer
01 Write transfer (1/0 to Memory)
<10 Read transfer (Memory to I/O)
11 lllegal
(XX In case of bit6,7 =11

0 Auto initialize disable
{1 Auto initialize enable
0
{:

Address increment

Addressdecrement

00 Demand mode
01 Single mode

10 Block mode
11 Cascade mode 050489
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6.6 REQUEST REGISTER:

The TMP8237A is capable of responding to DMA service request by software similar
to DREQ. Each channel has a single bit request register which cannot be masked.
Further, priority is given by the priority encode circuit.

Bit of each register is set or cleared by software and further, cleared by generation of
TC or external EOP. All registers are cleared by reset. In order to set or reset bit, a
proper form of data word is loaded by software.

Address codes are shown in Figure 6.2. DMA service request by software is accepted
only when the channels are in the block mode. In the Memory-to-Memory transfer,
DMA service request to only channel 0 by this software command becomes valid.

7 6 5 4 3 2 1 0 ~«— Bit

Channel 0 is selected.

X 01 Channel 1isselected.

10 Channel 2 is selected.
11 Channel 3isselected.

Reset of request bit

0
-
{ 1 Setof requestbit 050489
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6.7 MASK REGISTER:

For each channel, mask bit are allocated to the mask register to disable DREQ input.
If the auto initialization has not been programmed for the channels, the channel
corresponding to a mask bit is set when EOP is produced. Each bit of the 4-bit mask
register is also set or cleared by the software command. All bits are also set by reset.
This will disable all DMA requests until the clear mask register command is enabled.
Command addressing is shown in Figure 6.2.

7 6 5 4 3 2 1 0 =— Bit

I I I I

~ v d S———" [00 Selection of mask bit of channel 0.
X 01 Selection of mask bit of channel 1.

10 Selection of mask bit of channel 2.
11 Selection of mask bit of channel 3.
0 Clear of mask bit
1 Set of mask bit 050489

—

All four bits of the mask register can be written also by a single command.

7 6 5 4 3 2 1 0 ~— Bit
[ I I
v - L{ 0 Clear mask bit of channel 0.
X 1 Setmask bit of channel 0.

{ 0 Clear mask bit of channel 1.
—
1 Setmask bit of channel 1.

0 Clear mask bit of channel 2.
1 Setmask bit of channel 2.

0 Clear mask bit of channel 3.
1 Setmask bit of channel 3. 050489
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6.8

6.9

6.10

STATUS REGISTER

This register is read out by MPU through the TMP8237A. Status information of the
TMP8237A at time of readout is included.

Information as to which channel reaches the terminal count (TC) and which channel
is pending the DMA request are included in this information. Bits 0 to 3 are set every
time when a channel reaches TC including the auto initialization.

These bits are cleared by reset or when each status is read out.

Bits 4 to 7 are always set when corresponding channels are requesting the DMA
service

7 6 5 4 3 2 1 0 ~—Bit

Channel 0 reaches TC.

-

[ = T =T = =S =S SN

Channel 1 reaches TC.

Channel 2 reaches TC.
Channel 3 reaches TC.

Channel 0 request.

Channel 1 request.

Channel 2 request.

Channel 3 request.
050489

TEMPORARY REGISTER:

This register is used for holding data during the Memory-to-Memory transfer. A last
word transferred following the end of transfer is read out by MPU that is in the program
condition. Unless cleared by reset, this register contains the last word transferred
during the preceding Memory-to-Memory transfer.

SOFTWARE COMMANDS:

These commands are special software commands which are executed in the program
condition and do not depend upon the specified bit pattern on the data bus. These
commands are available in following third commands:

6.10.1 Clear First/Last flip-flop

This command is executed prior to write or read of address information or word count
information of the TMP8237A. Furthermore, this command is used when low order or
high order 8 bits of register are accessed.
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6.10.2 Master Clear

This software command has the same effect as the hardware reset. The command,
status, request, temporary, and internal First/Last flip-flop registers are all cleared by
this command, and the mask register is set.

The TMP8237A enters into the idle cycle.

6.10.3 Clear Mask Register

This command clears all mask bits of four channels, enabling acceptance of the DMA
service requests.
Address codes of the software commands are shown in Figure 6.2.

Signal I Operation
Az | Ay | A1 | Ap | IOR |IOW
1 0 0 0 0 1 |Read of status register
1 0 0 0 1 0 |Write to command register
1 0 0 1 0 1 -
1 0 0 1 1 0 |Write to request register
1 0 1 0 0 1 N
1 0 1 0 1 0 |Bitset, reset of mask register
1 0 1 1 0 1 -
1 0 1 1 1 0 |Write to mode register
1 1 0 0 0 1 -
1 1 0 0 1 0 |Clear First/Last flip-flop
1 1 0 1 0 1 |Read of temporary register
1 1 0 1 1 0 |Masterclear
1 1 1 0 0 1 -
1 1 1 0 1 0 |Clear mask register
1 1 1 1 0 1 -
1 1 1 1 1 0 | All bit write of mask register
Note: The oblique lined codes denote illegal codes. 050489

Figure 6.2 Register and Function Addressing
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Signal Inter-
Chan- Register Operation nal DataBus
nel o F/L DBp~DB7
CS [IOR|IOW| A3 | Az | A1 | Ag F/F
Base & Current Write 0 1 0 0 0 0 0 0 Ag A7
Address ol1/0]ojo]o}o 1 Ag A1s
Current Address Read 0 0 1 0 0 0 0 0 Ao Az
0 0 0 1 0 0 0 0 1 Ag A1ts
Base & Current Write 0 1 0 040 0 1 0 Wo W7
Address 0 1 0 0 0 0 1 1 Wg Wis
Current Address Read 0 0 1 0 0 0 1 0 Wo Wz
0 0 1 0 0 0 1 1 Wg Wis
Base & Current Write 0 1 0 0|0 1 0 0 Ao A7
Address 0 1 0 00 1 0 1 Ag A1s
Current Address Read 0 0 1 0|0 1 0 0 Ao A7
. olo|1]ojo0o]1]o0 1 Ag A1s
Base & Current Write 0 1 0 0 0 1 1 0 Wy W7
Address 0 1 0|00 1 1 1 Wg Wis
Current Address Read 0|0 }|1]0]|]0]|n1 1 0 Wo Wy
0 0 1 0 0 1 1 1 Wg Wis
Base & Current Write 0 1 0 0 1 0 0 0 Ao Az
Address 0 1 0 0 1 0 0 1 Ag A1s
Current Address Read 00 1 0 1 0|0 0 Ao A7
2 0|0 1 0 1 0 0 1 Ag A1s
Base & Current Write 0 1 0 0 1 0 1 0 Wy W7
Address 0|1 00| 1}10]1 1 Wg Wis
Current Address Read 00 1 0|1 0 1 0 W Wy
0 0 1 0 1 0 1 1 Wg Wis
Base & Current Write 0 1 0|0 1 1 0 0 Ao A7
Address 0 1 0 0 1 1 0 1 Ag Ai1s
Current Address Read oo 1071 110 0 Ap A7
3 0 0 1 0 1 1 0 1 Ag Ais
Base & Current Write 0 1 0 0 1 1 1 0 Wo W7
Address 0 1 0|0 1 1 1 1 Wg Wis
Current Address Read 010 1 0 1 1 1 0 Wo Wy
0 0 1 0 1 1 1 1 Wg W15

Figure 6.3 Word Count, Address Registers

050489
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7. PROGRAMMING

If HLDA of MPU is inactive it is possible to program the TMP8237A by MPU even
when HRQ is active.

However, it is necessary for MPU to take care that programming of the TMP8237A
and answer of HLDA are taken place simultaneously.

It requires care when the DMA service is requested to an unmasked channel during
the programming of the TMP8237A.

It is considered that an embarrassing trouble may be caused in this case.

For instance, if MPU is going to rewrite the address register of channel 2 and in
addition, the TMP8237A is enabled and channel 2 is not masked when channel 2
received a DMA request. The DMA service will be started after one byte of the address
register is written. Such a problem as exampled above can be taken place.

To avoid such problems as this, it is better to disable the controller or mask unmasked
channels before reprogramming any register.

It is better to enable the controller or clear the masking when the programming is
completed.

Example of Program Set (CH2)

DI . Interrupt disable

OUT MCLR . Master clear

MVI A, XXXXXXXXB

OUT CMND : Command register set-up

MVI A, XXXXXX10B

OUT MODE . Mode register set-up

MVI A, 37H

OUT  ADR2 : CH2 Address Reg. (low order)

MVI A, 82H

OUT  ADR2 : CH2 Address Reg. (high order)

MVI A, 17H

OUT  WCNT2 : CH2 Word count register (low order)
MVI A, 95H

OUT  WCNT2 : CH2 Word count register (high order)
MVI A, 000000108

ouT MSKB2 . CH2 Mask clear (single bit)

El . Interrupt enable
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8. ELECTRIC CHARACTERISTICS
8.1 ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER TEST CONDITIONS RATING UNIT
Vee Supply Voltage -0.5~+7.0 Y
With Respect
ViN Input Voltage to GND. -0.5~+7.0 \
VouTt Output Voltage -05~+7.0 \
Pp Power Dissipation - 1.5 w
Tsol Solder Temperature - 260 (10 sec) °C
Tstg Strage Temperature - -65~+150 °C
Topr Operating Temperature - 0~+70 °C
050489
8.2 DCCHARACTERISTICS
Ta=07C to70C, Vcc =5V £5%, Vss (GND) =0V
SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT
Vi Input Low Voltage -0.5 - 0.8 \
VIH Input High Voltage 2.2 — Vcc+0.5 Vv
VoL Output Low Voltage loL=3.2mA - - 0.45 \
VoH1 Output High Voltage loH1= —200pA 2.4 - - Y
. loH2 = - 100pA _ _
VoH2 Output High Voltage (HRQ ONLY) 33 \Y
i Input Leakage Current |0V=V|N=Vcc - - +10 BA
Output Leakage
| A5V= = - - +1 A
OFL Current 0.45V=Vout=Vcc 0 B
lcc Supply Current - - 150 mA
050489
8.3 AC CHARACTERISTICS
8.3.1 Active Cycle (1/3) (Notes : 2 and 9)
Ta=0"C t070C,Vcc =5V +5%, Vss =0V
SYMBOL PARAMETER MIN. | MAX.| unit
TaEL AEN HIGH from CLK LOW (S1) Delay Time - 200 ns
TAET AEN LOW from CLK HIGH (SI) Delay Time - 130 | ns
TAFAB ADR Active to FLoat Delay from CLK HIGH ad 90| ns
TaFC READ or WRITE Float Delay from CLK HIGH - 120 | ns

050489
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Active Cycle (2/3)
SYMBOL PARAMETER MIN. MAX.| UNIT
TAFDB DB Active to Float Delay from CLK HIGH - 170 | ns
TAHR ADR from READ HIGH Hold Time TCY-100) — ns
TAHS DB from ADSTB LOW Hold Time 30 - ns
TaHw | ADR from WRITE HIGH Hold Time TCY-50| — | ns
DACK Valid from CLK LOW Delay Time - 170 | ns
TAK EOP HIGH from CLK HIGH Delay Time = 170 | ns
EOP LOW to CLK HIGH Delay Time - 170 | ns
Tasm ADR Stable from CLK HIGH — 170 ns
Tass DB to ADSTB LOW Setup Time 100 - ns
TcH Clock HIGH Level Width 80 - ns
TeL Clock LOW Level Width 68 - ns
Tcy Clock Cycle Time 200 - ns
TocL CLK HIGH to READ or WRITE LOW Delay Tim(eNOte 3 _ 190 | ns
TocTr READ HIGH from CLK HIGH (54) Delay Time (Note 3) _ 190 | ns
Toctw | WRITE HIGH from CLK HIGH (S4) Delay (Note 3) - 130 | ns
ToQ1 ) - 120 | ns
HRQ Valid from CLK HIGH Delay TIme (Note 4) —
TpQ2 120 | ns
Teps EOP Low from CLK LOW Setup Time 40 — | ns
Tepw EOP pulse width 220 — | ns
TrAAB DB Float to Active Delay from CLK HIGH - 170 | ns
TeAC READ or WRITE Active from CLK HIGH - 150 | ns
TrFADB DB Float to Active Delay from CLK HIGH - 200 | ns
THs HLDA Valid to CLK HIGH Setup Time 75 - ns
TiDH Input Data from MEMR HIGH Hold Time 0 - | ns
Tips Input Data to MEMR HIGH Setup Time 170 - | ns
ToDH Output Data to MEMR HIGH Hold Time 10 — | ns
Topv Output Data Valid to MEMW HIGH 125 — | ns
Tqs DREQ to CLK LOW (SI, S4) Setup Time 0 — | ns
TRH CLK to READY LOW Hold Time 20 - ns

050489
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Active Cycle (3/3)
SYMBOL PARAMETER MIN. MAX.| UNIT
Trs READY to CLK LOW Setup Time 60 - ns
TsTL ADSTB HIGH from CLK HIGH Delay TIime - 130 | ns
TsTT ADSTB LOW from CLK HIGH Delay TIme - 90| ns
050489
8.3.2 Program Condition (Idle Cycle) (Notes : 2, 8 and 9)
Ta=0°Cto 70°C, Vcc =5V £ 5%, Vg =0V
SYMBOL PARAM ETER MIN. MAX.| UNIT
TaR ADR Valid or CS LOW to READ LOW 50 — | ns
Taw ADR Valid or WRITE HIGH Setup Time 130 - ns
Tew CSLOW to WRITE HIGH Setup Time 130 - | ns
Tow Data Valid to WRITE HIGH Setup Time 130 - ns
TrA ADR or CS Hold from READ HIGH 0 - ns
TRDE Data Access from READ LOW - 140 | ns
TRDF Data Bus Float Delay from READ HIGH 0 70| ns
TRSTD Power Supply HIGH to RESET LOW Setup Time 500 - ns
TRsTS RESET to First OWR 2 — |TCY
TrRsTW RESET pulse width 300 - ns
TrRwW READ pulse width 200 - ns
Twa ADR from WRITE HIGH Hold Time 20 - ns
Twc CS HIGH from WRITE HIGH Hold Time 20 - ns
Twb Data from WRITE HIGH Hold Time 30 - ns
Twws WRITE pulse width 160 - ns
050489
8.4 CAPACITY
Ta=25°C,Vcc=GND =0V
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
Co Output Capacitance - - 8
Q Input Capacitance fc=1.0MHz, Input=0V - - 15 pF
Cyo 1/0 Capacitance - - 20

050489
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Note 1:
Note 2:

Note 3:

Note 4:

Note 5:
Note 6:
Note 7:

Note 8:

Note 9:

NotelO:

Typ. value is that when rated voltage is applied at Ta=25°C.

Test conditions; a) Unless otherwise specified, timing defining signal
voltages are;
Input High level =2.4V, Low level =0.45V
Output High level =2.0V, Low level =0.8V

b) Unless otherwise specified, 1 X TTL gate and 150pF
load are provided to output.

Normal write pulse width is TCY —100 ns. Extension write pulse width
is 2TCY —100 ns. Read pulse width is 2TCY-50 ns, and compressed read
pulse width is TCY —50 ns.

TDQ is measured at two different high levels.
TDQ1=2.0V,TDQ2=3.3V

It is necessary to keep DREQ active until DACK is received.
Both low active and high active level ae available for DREQ and DACK.

Output load of the data bus are provided with 1 XTTL gate and 15 pF as
the minimum value, and 1 X TTL gate and 150 pF as the maximum value.

Sucessive read or/and write operations by the MPU to program must be
timed to allow at least 600ns for the TMP8237AP and at least 400ns for
the TMP8237AP-5 as recovery time between active read or write pulses.

Signal READ and WRITE are IOR and MEMW for the DMA operations
from peripheral devices to the memory. In the DMA operations from the
memory to peripheral devices, they are MEMR and IOW.

When N state wait is added at time of write to memory in the latter half
of memory-to-memory transfer, this parameter increases by N (TCY) at a
time.
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9. TIMING DIAGRAM

cs

Ao~A3

DBg~DBy

Ao~A3

el

\L Tcw /
Twc
\ Twws
Twa
Taw
Twp
Tow
3 N
XK INPUT VALID R

Timing Diagram 1

Program Condition Write Timing

050489

W ADDRESS VALID
TAR TRA
TrRw
TRDF
TRDE

Timing Diagram 2 Program Condition Read Cycle

-
DATA OUT VALID >-—-

050489

MPU85-265




TMP8237A

TOSHIBA
Sl Sl SO SO 51‘_JN SZJ\_S;_L_S;JE S2 S3 S4rJ& Sl Sl Sl
CLK /) F_/ /) -
_Jes QS el TCY TCH
! , | —>+—
DREQ £
L[/ 7 AARNANARTARAS
T'D&»—'f.: DQ
C
! -
HRQ
THS
oA JTTF AMAMANANNG
TAEL TAET
\
AEN 45 1 ~
TsTL | L T TEPS
ADSTB 4
TASS
TFADB | TAHS TAK
DBo~DB7 = = = = === A= ———— -ZAB“'AH,T-—- T T A - T?A;A_B_———
TFAAB l | TAFDB {TAHW TAHW,
1
Ap~A7 === == == e - ADDRESS VALID % ADDRESS VALID ﬁ- ———————
TAK TAHR [ 1| TAHR
DACK ¥ FAC7 TDCL [TDCTR TDCL |TDCTR
| |JAFC
READ == ==——~— A ————— ~ \ / - y/ r——————-

TDCL TDCTW| [TDCTW

\ b) -_]‘ \ _______

WRITE-———=—~— A ———— = \__1 7/1___

T TDCY  |TAK
(FOR EXTENDED WRITE) /

TEPW TAK

EXTEOP 7 NN\N\N\\\SSR52200000000/8

|

050489

Timing Diagram 3 Active Cycle
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SO S11 S12 S13 S14 521 S22 S23 S24 N
CLK

TSTL . TSTT TSTL TSTT
ADSTB _f—w ﬂﬁ \
TFAAB TAHS TASM TAHS TAFAB
1 ST .
Ag~A7 —=———— - _ ADDRESS VALID ADDRESS VALID -
| |
TFADB i TAFDB TAFDB
DBo~DB7 ] X = = {Pg~Argh— == = ouT_ Y --—-
TFADB TODV, JODH
. AFC
MEMR TDCTW. -
DCL
MEMW — == ===~ - 7 -
TAK TAK
INT EOP p— ; 4_)1#
TEPS
EXT EOP AALALLALRARARLARRARAARARASAANRE g
050489
Timing Diagram 4 Memory-to-Memory Transfer
/ﬂl\ 52 54 52 54 r’l\
CLK / ) / } /
TASM TASM ,
Ao~A7 XF VALID XF VALID
TDCL TDCTR TDCL TDCTR
READ 3 § ‘ i
\ / N /

<~

s TDCTW TDCTW
WRITE 3 } ‘\ Vi
TRH

—Te—

050489

Timing Diagram 5 Compressed Transfer
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S2 S3 - Sw sw S4
CLK T
TDCTR

TDCL TDCL TDCTW,
WRITE ‘\ 1
(FOR Pl T -

EXTENDED WRITE) TRH TRH

|
T
| | TRS

READY \\ //// 7 s

Timing Diagram 6 Ready Timing

(¢

y
Vee ——/I/ TRSTD

<~——————— TRSTW ——————>

7

TRSTS

{C

IOR or IOW v N

050489

Timing Diagram 7 Reset Timing
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10. EXTERNAL DIMENSION VIEW (PLASTIC PACKAGE)
DIP40-P-600

Unit: mm

0~ 15°

40 21

13.4+0.2

OO T T L N O T L T I L O I T L e T

20

50.7£0.2 |

1.227TYP
0.25

270289

Note: Each pitch is 2.54mm, and all the leads are located within = 0.25mm from their theoretical
positions with respect to No.1 and No.40 leads.
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11. EXAMPLE OF APPLICATION CIRCUIT

The connecting method of the TMP8237A and MPU is shown in Figure 11.1.

The multimode DMA controller outputs a hold request whenever valid DMA request
is produced from peripheral device. When MPU answers by the hold acknowledge
signal, the TMP8237A receives the contorl right of the address bus, data bus, and control
bus. In the first transfer, address (the least significant 8 bits of the address bits and the
most significant 8 bits on the data bus) is output.

The content of the data bus is latched by the 8-bit latch (TC74HC373P) to make the
address bus complete. After execution of the first transfer, that latched data is updated
only when carry or borrow is produced on the least significant address byte.

When one TMP8237A is used, four DMA channels are provided.

ADDRESS BUS Ag~A1s5

Do~D7

)

PN
__ Ag~Ass
—{>o———~|OF
' TC74HC373P
m—
2.
Ao~A1s AEN Ag~A3 Asz~A; CS ADSTB 8BIT LATCH
~
BUSEN TMP8237A 9 @ E?
HLDA HLDA > I S
i O ¥ @
HOLD HRQ ¥« 2 B B B 2 Y !N
T« |5 |5 ‘9 © & a
[ [¢] O ‘i‘
MPU CLOCK——————-——-J 4JAr 4
RESET
ME

CONTROL
BUS

SYSTEM DATA BUS

—

Figure 11.1 Basic System Connection Diagram
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Figure 11.2 shows the expansion method for number of DMA channels. It is possible
to realize net 7 DMA channels by connecting the second TMP8237A to one of the DMA
channels of the first TMP8237A.

Two DMA chips commonly use the same 8-bit latch. Thus, any channel is used for
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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

TMP82C79P-2/TMP82C79M-2

1. GENERAL DESCRIPTION

The TMP82C79P-2/M-2 (hereinafter referred to as TMP82C79) is a programmable

keyboard/display interface. The keyboard portion can provide a scanned interface up to

64-contact key matrix. Also, the keyboard portion can interface to an array of sensors or
a strobed interface keyboard. Key depressions can be 2-key lockout or N-key rollover.
The display portion has 16 X 8 bits display RAM which can be treated as dual 16 X 4 bits.
Both right entry and left entry display formats are possible.

2. FEATURES
° Simultaneous Keyboard Display operation.
(] Scanned Keyboard mode.
[ Scanned Sensor matrix mode.
®  Strobed Input Entry mode.
. Built-in 8-Character FIFO or 64 bit Sensor RAM.
. Programmable 2-key Lockout or N-key Rollover with contact debounce.
. Built-in 16 X 8bit Display RAM
L] Programmable scan timing.
. Extend operating temperature range —40 °C to +85 °C.
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3. PIN CONNECTION
R 01~ 400 Vee
RL3 2 39 [ RL4
CLK 53 38 [1 RLg
IRQ 4 37 0 CNTL/STB
RLs 05 36 [ SHIFT
RLs [j6 35[0 SL3
RLe 07 TMP82C79 34 0 SLp
RL7 08 p-2 330 SLy
RESET ]9 M-2 321 s
RD 10 3101 OUT By
WR 11 30 1 OUT By
DBo 012 29 1 OUT B3
DBy 13 28 1 OUT B3
DBy [ 14 27 0 OUT Ao
DB3 015 26 0 OUT A4
DB4 [ 16 2501 OUT Az
DBs [ 17 24 1 OUT A3
DBe [ 18 231 BD
DB7 [ 19 220 CS
Vss (GND) [} 20 210 Ag 050489
Figure 3.1 Pin Connection
4. BLOCK DIAGRAM
KEYBOARD CNTL/STB
DEBOUNCE RETURN SHIFT
FIFO/SENSOR RAM AND
IRQ ~—  startus ~ CONTROL RLo~RL7
( > CIRCUIT [
N 8
Ag —> Fglig(OB/
EE e K sthdk SCAN SLo-3
S — RAM COUNTER
D CONTROL 4
WR %)
WR — 2 —¢ i
@ TIMING
. CONTROL AND
1 Nl< TIMING T CONTROL | ——
DBo~7 <¢> DATABUS z 1% REGISTERS CIRCUIT BD
BUFFER [N /|*
- 3
RESET =
CLK -
16x8
DISPLAY DISPLAY OUTBo-3
RAM COUNTER OUTAQ-3
it 8
DISPLAY
ADDRESS
REGISTERS

Figure 4.1 Block Diagram
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5. PIN NAMES AND PIN DESCRIPTION

VSS (Power Supply)
Gound

VCC (Power Supply)
+5V during operation

DBy-DB7 (Input/Output)

Bidirectional data bus. All data and commands are transferred via this data
bus.

CLK (Input)
System Clock used to generate the TMP82C79 internal timing.
RESET (Input)

A high level signal on this pin resets the TMP82C79. After being reset the
TMP82C79 is placed in the following state.
(1)16 X 8 bit character display, left entry.
(2)Encode scan keyboard, 2 key lockout, clock pre-scale value is set to 31.

S (Input)

A low level input on this pin enables RD and WR communication between the
MPU and the TMP82C79.

Ag (Input)

This input acts in conjunction with the CS, WR and RD pins. A high level on
this pin indicates the signals on data bus are interpreted as command or status. A
low level indicates they are data in the RAMs.

WR (Input)

A low level input on this pin when CS is low enables the TMP82C79 to accept
command or data from the MPU.

RD (Input)

A low level input on this pin when CS is low enables the TMP82C79 to output
data or status onto the data bus.
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. IRQ (Output)

Interrupt request output. In keyboard mode, the interrupt line is high when the
FIFO/Sensor RAM has effective data. The interrupt line goes low when each ‘
FIFO/Sensor RAM is read and returns high if the RAM still has effective data. In |
sensor matrix mode, the interrupt line goes high whenever any change in the

sensor matrix is detected.
. SLg-SLg (Output)

Scan lines which are used to scan the key switch or sensor matrix and the
display digits. These lines can be either encoded (1 of 16) or decoded (1 of 4).

. RLy-RL7 (Input) |

Return lines which are connected to the scan lines through the key or sensor
switches. Each line has an internal pullup to keep it high until a switch closure
pulls it low. They also serve as an 8-bit input in Strobed Input mode.

. SHIFT (Input)

This input status is stored in the FIFO RAM in addition to the information of |
the key position on key closure in Scanned key board modes. It has an internal |
pullup to keep it high until a switch closure pulls it low.

) CNTL/STB (Input)

For Keyboard modes this line is used as a control input and stored like status on
a key closure. This can be also programmed as the strobe line that enters the data
into FIFO in Strobed Input mode (Rising Edge). It has an internal pullup to keep it
high until a switch closure pulls it low.

OUTA(-OUTAg3 (Output)
OUTB(-OUTBj3 (Output)

These two ports are the outputs for the 16 X4 display refresh registers. The
data from these outputs is updated synchronized with the scan lines (SLg-SLg) for
multiplexed digit displays. The two 4 bit ports may be blanked independently.
These two ports may also be treated as one 8-bit port.

. BD (Output)
This output is used to blank the display during digit switching or by a display
blanking command.
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6.2

6.3

6.4

FUNCTIONAL DESCRIPTION
I/0 CONTROL AND DATA BUS BUFFER

The I/O control section uses the CS, Ay, RD and WR lines and controls the flow of data
to and from the various internal registers and buffers in the TMP82C79. CS input
enables the all data flow to and from the TMP82C79. The character of the information
given by the MPU, is identified by Ayp.

RD and WR decide the direction of data flow through the data bus buffer. The data
bus buffer is bidirectional buffer which is used for connecting the internal bus and a
system bus. When CS is high, the buffer is in a high impedance state.

CONTROL REGISTER, TIMING REGISTER AND TIMING CONTROL CIRCUIT

Keyboard and display modes and the other operating conditions are programmed by
the MPU. These modes are latched at the rising edge of WR when Ag is high. The
timing control contains the basic counter chains. The first counter is the 1/N prescaler
that can be programmed to yield an basic internal frequncy. In case of 100kHz basic
internal frequency, it gives a 5.1 ms keyboard scan time and a 10.3 ms debounce time.
The other counters divide down the basic internal frequency to provide the proper key
scan, row scan, keyboard matrix scan and display scan timings.

SCAN COUNTER

Two modes are available for the scan counter. In the encode mode, the counter
provides a binary count that must be externally decoded to provide the scan lines for the
key board and display. In the decode mode, the scan counter decodes the least
significant 2 bits internally and provides a decoded 1 of 4 scan. Note that the only first 4
characters in the Display RAM are outputted from OUTAy_3 and OUTBg_3 in the
decode mode.

RETURN BUFFER AND KEYBOARD DEVOUNCE CONTROL CIRCUIT

The 8 return lines are latched onto the return line buffer. In the Keyboard mode,
these lines are scanned to look for key closures in a row. If the debounce circuit detects a
closed switch, it waits about *10 ms, and checks if the switch remains closed. If it does
so, the address of the switch and the status of SHIFT and CNTL lines is transferred to
the FIFO.

In the scanned Sensor Matrix Modes, the contents of the return lines are directly
transferred to the corresponding row of the sensor RAM (FIFO) each scan time.

In the Strobed Input Mode, the contents of the return lines are transferred to the
FIFO on the rising edge of the CNTL/STB line pulse.
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6.5

6.6

FIFO/SENSOR RAM AND FIFO/SENSER RAM STATUS

The FIFO/Sensor RAM is a dual function RAM. In the keyboard mode or In the
Strobe Input mode, this RAM serves as a FIFO. The FIFO status shows whether the
FIFO is empty or full and keeps the number of characters in the FIFO. In addition, there
is a flag to show an error in the case where too many reads or writes is recognized. The
FIFO status can be read at CS=RD =0, Ag=1. The FIFO status logic provides an IRQ
signal when the FIFO is not empty. In the scanned sensor matrix mode, the RAM serves
as a sensor RAM. IRQ becomes high when a change in the sensor is detected.

DISPLAY ADDRESS REGISTERS AND DISPLAY RAM

The display address registers hold the address of the word currently being written or
read by the MPU and the two 4 bit nibbles being displayed. The Display RAM stores
data for display outputs. The read/write addresses are programmed by the MPU
command. They also can be programmed to autoincrement after read or write. The
Display RAM can be directry read out by the MPU after mode and address is set. The A
and B nibbles of the Display RAM are outputted to the Display Output A and B
synchronously with scan signals (SLg-SL3g). The A and B nibbles can be entered
independently or as one word by the MPU command.

* In case of 100kHz basic internal frequency
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7. COMMAND DESCRIPTION

7.1 KEYBOARD/DISPLAY MODE SET
DBy DBeg DBs DBs DB3 DBy DBj DBg
LofJofofolof]w]wr]x]
] I C
[ Display Mode l
0 | 0 |8 x 8 bit character display-Left entry */0]0|0 |[Encoded Scan Keyboard-2-Key Lockout
x| 0| 1]16x8 bitcharacter display-Left entry 00| 1 |Decoded Scan Keyboard-2-Key Lockout
110 | 8x8 bitcharacter display-Right entry 0|10 |Encoded Scan Keyboard-N-Key Rollover
1|1 |16 x 8 bit character display-Right entry 011 Egﬁgegf,j Scan Keyboard-N-Key
110 [0 |Encoded Scan Sensor Matrix
» Default after Reset .
1|0 | 1|Decoded Scan Sensor Matrix
1|10 |Strobed Input, Encoded Display Scan
1111 |Strobed Input, Decoded Display Scan
050489
7.2 PROGRAM CLOCK
DB; DBg DBs DBs; DBz DB, DBy DBy
lOlOT1]PlPlP|PlP] 050489

The TMP82C79 generates all timing and multiplexing signals by means of the
internal prescaler. The prescaler generates internal reference clocks by dividing an
external supply clock by a programmable value PPPPP. Any number from 2 to 31 can be
set as a prescaler value. When this value is set to 0 or 1, it is interpreted to be 2. If the
internal reference clock is set to 100kHz, it is possible to obtain 5.1ms keyboard scan
time and 10.3ms debounce time. The value PPPPP is set to 31 after reset, but cannot be
changed by the Clear command.
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7.3

7.4

7.5

7.6

READ FIFO/SENSOR RAM
DBy DBe DBs DBs DBz DB, DBy DBo
o[ 1 Jola]x]ala]a] x =don'tcare  osoass

If this command is written, the subsequent data reads are set up for the FIFO/Sensor
RAM. Auto-increment flag (AI) and the RAM address bits AAA are valid only in Senser
Matrix Mode. The address bits AAA select one of the 8 rows of the Sensor RAM. If
AI=1, the RAM address is incremented after each successive read. The Auto-increment
flag does not affect the auto-increment of the Display RAM.

READ DISPLAY RAM

DBy DBeg DBs DBs DB3 DB, DBy DBg
ol vl alalalala]la] 050489

If this command is written, the subsequent data reads are set up for the Display RAM.
The address bits AAAA select one of the 16 rows of the Display RAM. If AI=1, the
address is incremented after each read or write to the Display RAM. Since the same
counter is used for both reading and writing, this command sets the next read or wirte
address and the sense of the Auto-increment for both operation.

WRITE DISPLAY RAM

DBy DBg DBs DBsg DB3 DB, DBy DBo
1 Jolola]ala]lala] osoass

If this command is written, the subsequent data writes are set up for the Display
RAM. Note that writing this command does not switch the source of the subsequent
data reads. The address register of the Display RAM is same for read/write operations.
The addressing and Auto-increment function are identical to those for the Read Display
RAM.

DISPLAY WRITE INHIBIT/BLANKING

DBy DBg DBs DBy DB3 DB DBy DBy don
[ v ] o] 1] x [walws]sa]ss| x=donteare

The IWA or IWB bit can be used to mask A nibble or B nibble for entering the Display
data independently. The BLA of BLB flag is available for the nibble A or B to blank the
display. In the case where the Display Outputs are used as separate 4-bit display ports,
the IWA or IWB bit is useful so as not to affect the other display port when the MPU
writes a word to the display RAM. The BLA or BLB bit is used for blanking the display
independently without giving any affect to the other 4-bit display port. The blank code
is determined by the last Clear command that has been programmed after reset. If the
Display Output is used as an 8-bit port, it is necessary to set both BLA and BLB bits for
blnaking the display. Then BD signal becomes low.
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DBy DBg DBs DBy DB3 DB, DBy DBg

Pyttt

A3 Az Aq Ag B3 B> B4 Bg

Correspondence between Display Output and Data Bus o508

7.7 CLEAR

DB; DBg DBs DBg DBz DB, DBy DBy
1] 1] o]co[w[c]c]ca] os04s9

The CD bits are used to clear all rows of the Display RAM to the following code shown
below.

(DB4) (DB3) (DB2)
cD cD CcD

1 0 X - All Zeros (X =Don't Care)

1 1 0 - All Hex 20H (0010 0000)

1 1 1 - All Ones

0 X X - notcleardisplay if CA=0

A Enable clear display when CD =1 (or by CA=1) 050489

While the Display RAM is being cleared, it may not write to the Display RAM. The
MSB bit of the FIFO status word is set during this time. If the CF bit is set to "1", the
FIFO status is cleared and the interrupt request output (IRQ) is reset. Also, the Senser
RAM pointer is set to the row 0.

The CA bit has the combined effect of the CD bit and CF bit. It enables clear display
code to the Display RAM and also clears the FIFO status. Furthermore, it re-
synchronizes the internal timing chains.

7.8 END INTERRUPT/ERROR MODE SET

X =don't care

DBy DBg DBs DBs DBz DB, DBy DBy
X I X I X I 050489

(o [ [ e[ x]

In the Sensor Matrix mode, this command loweres the IRQ line and enables writing to
the sensor RAM. This means that a write to the Sensor RAM is inhibited when IRQ line
ishigh. Ifthe E bitis set to "1", the S/E bit of the FIFO status becomes "1" when any one
of the sensor switches is closed. If E=0, the S/E bit is always "0". In the N-Key Rollover
mode, if the E bit is programmed to "1", the Special Error mode will be resulted.
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7.9 FIFO STATUS

S/E

NNN

DBy DBg DBs DBs; DB3 DB, DBy DBy X: don't care

lou sl o Jul r [N N]N]

L

J

L Number of characters in FIFO
FIFO Full

Error-Underrun
Error-Overrun

Sensor Closure/Error Flag for
Multiple Closures

Display unavailable 050489

Indicates that the Display RAM was unavailable because a Clear Display or
Clear All command has not completed its clearing operation.

In a Sensor Matrix mode, if the E bit of End Interrupt/error mode set is
programmed to "0", this S/E bit is set to indicate that at least one sensor
closure indication is contained in the Sensor RAM.

In Special Error Mode, this S/E bit is showing the error flag and serves as an
indication to whether a simultaneous multiple closure error has occurred.

indicates that the entry of another character into a full FIFO was attempted.
indicates that the MPU tried to read an empty FIFO.
indicates that the FIFO is full of the eight characters.

indicates number of characters in the FIFO when in the Keyboard Mode or in
the Strobe Input Mode.

Table 7.1 ADDRESSING

[« Ao RD WR Functions

0 0 0 1 Read Data

0 0 B 0 Write Data

0 1 0 1 Read Status word

0 1 1 0 Write Command word
1 X X X High-impedance state

050489
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8. INTERFACE WITH KEYBOARD
8.1 SCANNED KEYBOARD, 2-KEY LOCKOUT

In this mode, if one key only is kept depressed during one debounce cycle (2 times of
the key scan cycle), the key is recognized. When a key is depressed, the debounce logic is
set and the other depressed keys are checked during the next two scan cycle. If none are
encountered, it is a single key depression and the key position is entered into the FIFO
along with the status of CNTL and SHIFT lines. If another depressed key are
encountered, operates as follows.

KEY LJ LI L] L L] LJ
T ? f T 1 DEBOUNCE CYCLE
KEY2 L] LI
4 A
KEY3 L] L] L
f 1 T 050489

Figure 8.1 Example of a Case Where a First Depressed
Key is Continuously Kept to the Last

KEY LI LI L LI LI
4 4 4 4
KEY2 L] LI
A 1
KEY3 L] L] L]
T T T T --++ Debounce logicisset
g -+ Entered to FIFO 050489

Figure 8.2 Example of a Case Where all Depressed Keys are Ignored

As shown in Figure 8.1 if all the other keys are released before the first depressed
key, the first depressed key is recognized. As shown in Figure 8.2 if the first depressed
key is released within one debounce cycle after the other keys was released, then all

keys are ignored.
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8.2 SCANNED KEYBOARD, N-KEY ROLLOVER

8.3

8.4

In this mode, each key depression is independently treated from all others. In the 2-
key lockout mode, if a key is depressed, the debounce logic is set. If the other keys are
depressed within one debounce cycle after it, the debounce logic is set again. The first
depressed key is ignored. In the N-key Rollover mode, if a key is depressed waits one
debounce cycle and then checks of the key is still down. If it is, the key is entered into
the FIFO even of other keys are depressed.

KEYT L] L LI L LJ LJ

1 DEBOUNCE CYCLE

LI LI Ll Ll

KEY3 LI LI L] LI L
T 1DEBOUNCE CYCLE

|
050489

KEY2

Figure 8.3 Example of 3 Keys Being Pushed Simultaneously

In the example as shown in Figure 8.3 the debounce circuit starts by Key 1, and
checks if the key is still down after one debounce cycle. If it is, Key 1 is recognized and
Key 2 isignored not to be depressed for one debounce cycle.

SPECIAL ERROR MODE (N-KEY ROLLOVER)

This mode is set if the E bit of the End interrupt/error mode set command is
programmed to "1". In the normal N-Key Rollover Mode, the key information is entered
to the FIFO according to the key scan timing even if a simultaneous multiple depression
occures during one debounce cycle. In the Special Error Mode, if a simultaneous
multiple depression occurs during one debounce cycle, sets the error falg (the S/E bit of
the FIFO status word) to "1". This flag prevents any further writing into the FIFO and
will set interrupt request (IRQ). The S/E bit is cleared if the normal Clear command is
written with CF=1.

SENSOR MATRIX MODE

In Sensor Matrix Mode, the debounce circuit does not operate. The status of the
sensor switch is inputted directly to the Sensor RAM. The MPU can only know a
validated closure in the keyboard mode, however this mode has such advantage that the
CPU knows how long the sensor was closed and when it was released. If there is any
change in the sensor value at the end of the sensor matrix scan, the IRQ line goes high.
The IRQ line is cleared by the first data read if the Auto-increment flag is "0" or by the
End Interrupt/error mode set command if AI=1.
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8.5

9.2

9.3

STROBE INPUT MODE

In Strobe Input Mode, the debounce circuit does not operate. The data is inputted into
the FIFO from the return lines at the rising edge of CNTL/STB Signal. When the data is
entered into the FIFO, the IRQ line goes high. The functions of the FIFO and the FIFO
status in this mode are same as those in the keyboard mode.

DATA FORMAT
KEYBOARD MODE

DB; DBg DBs DBy DB3 DB, DBy DBp
I I I I
CNTL | SHIFT SCAN RETURN

1 1 1 1

050489

In this mode, the Data Format of the character entered into the FIFO is as follows.
The MSB is the status of CNTL/STB line and the next MSB shows the status of SHIFT
line. The next three bits are from the scan counter and indicate the row the key was
found in. The last three bits are from the column counter and indicate to which return
line the key was connected.

SENSOR MATRIX MODE

DBy DB DBs DBy DB3 DB, DBy DBy

RLy | RLg | RLs | RLg | RL3 | RLy | RL; | RLg

050489

In this mode, the data on return lines is inputted in the row of the Sensor RAM in
order according to the scan. The data is entered even if there is no change in the status
of the sensor matrix switches. Each switch position maps to a Sensor RAM position.
CNTL and SHIFT signals are ignored.

STROBE INPUT MODE

DBy DBg DBs DBy DBz DB, DBy DBy

RL7 RLe RLs Rlg RL3 RL2 RLq RLg

050489

In this mode, the data on return lines is entered into FIFO at the rising edge of
CNTL/STB signal.
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10. INTERFACE WITH DISPLAY
10.1 LEFT ENTRY

In Left Entry mode, address 0 of the Display RAM is the left-most side of the display
and address 15 (address 7 in the case of 8-character display) is the right-most side. when
characters are inputted onto the display RAM with the auto increment mode from
address 0 of the display RAM, Characters are filled from the left-most position of the
display. The 17th (or 9th) character is placed in the left-most position again. Address of
the display RAM corresponds directly to each display positon of the display, and so its
position does not change every entry.

« Display RAM Address —

0 L 14 15 0 1 2 3 4 5 6 7
Istentry L N 1st entry | 1 —I I l | l r I }

0 o 14 15 0 1 2 3 4 5 6 7
2nd entry 1 2 2nd entry I 1 ] 2 I | ] l ] [ ]

0 - 14 15 Command 0 1 2 3 4 5 6 7
tethenty [1 T2 ] ety (1 [2] [ [ [ [ [ |
(10010101) Entry from Address 5 with Auto
increment mode.

L 14 15 0 1 2 3 4 5 6 7
Tthentry [17]2 [ 15]16] 3rdenty [1 [ 2] [ [ [3] T ]

o 1 14 15 0 1 2 3 4 5 6 7
18thentry [17 18] 1516 4thentry [1 [ 2] | | [3]4] |

050489
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10.2 RIGHT ENTRY

In Right Entry, the first entry is from the right-most position. Address of the Display
RAM does not correspond to the display position.

« Display RAM Address —

12 14 15 0 0O 1 2 3 4 5 6 7
Istentry | | | o 1 | [1] stentry | f [ ] [ | [1]
2 3 15 0 1 2 3 4 5 6 7 0 1
2ndentry [ [ [ T T1J2] 2ndentry [0 [2] [ [ [ Ja1T]2]
3 4 0 1 2 command 2 3 4 5 6 7 0 1
3denty | [ ] [J1[2]3] wite [ [ [ [ [ [1]2]
(10010101) Right entry from Address 5 with Auto-
increment mode
0 1 1314 15 3 4 5 6 7 0 1 2
Tethentry [1 [ 2 [ T14[15]16] 3rdentry [ [ [3] [ T[1]2] |
1 2 L 14 15 0 4 5 6 7 0 1 2 3
Wthentry [2 T3] " J15[16]17] 4thentry [ [3]4] TJ1[2] [ ]
2 3 15 0 1 5 6 7 0 1 2 3 4
18thentry [3 [ 4 [ —  T1e[17[18] Sthentry [3 4[5 [1 2] [ T ]

6thentry [4 [5]6[2] [ | T3]

2 3 4 5 6 7 0 1
10thentry [8 [9J1w0[3 456 ][7]

3 4 5 7 0 1 2
Tthentry [9 J10[ 114 [5]6]7]8]

050489
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11. ELECTRIC CHARACTERISTICS
11.1 ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vce VCC Supply Voltage (with respect to VSS (GND) ) -0.5t0 +7.0 \Y
VN Input Voltage (with respect to VSS (GND) ) -0.5toVCC+0.5 \
VouTt Output Voltage (with respect to VSS (GND) ) -0.5toVCC+0.5 \
Po Power Dissipation 250 mwW
Tsol Soldering Temperature (soldering time 10 sec) 260 °C
Tstg Storage Temperature -65to +150 °C
Topr Operating Temperature -40to +85 °C

050489
11.2 D.C. ELECTRICAL CHARACTERISTICS
(Ta= -40to +85°C,Vce =5V *10%, Vss (GND) =0V)

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT
Input Low Voltage
-0. - 1.
Vi1 (RLg-RLy) 0.5 4 \Y
Input Low Voltage _ _
ViLz (Others) 0.5 0.8 \Y
Input High Voltage
. - . \
Vimi (RLo-RLy) 2.2 Vcc+0.5
Input High Voltage _
ViH2 (Others) 2.2 Vec+05| V
VoL Output Low Voltage IOL=2.2mA - - 0.45
VoH1 Output High Voltage IOH =-400pA 24 - -
VoH2 Output High Voltage IOH =-100pA Vce-0.8 - -
VIN =VCC - — +10
Input 1LEAK Current _
L (SHIFT, CNTL, RLo-RLy) | /IN=24V i 30 BA
VIN =0V - - -100
Input Leak Current <IN < _ _ +
I (Others) OV=VINE VCC £10 A
loFL Output Leak Current 0.45V=VOUT=VCC - - +10 pA
) VIH =VCC-0.2V
| Operating Supply VIL=0.2V ~ - 5 mA
c Current f —_SMHZI

050489
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11.3 INPUT CAPACITY

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNIT
Cin Input Capcity fc=1MHz Unmeasured Pins - 5 10 pF
Cour Output Capcity returned to VSS. - 10 20 pF

050489

11.4 A.C. ELECTRICAL CHARACTERISTICS
Ta= -40to +85°C,VCC=5.0V + 10%, VSS (GND) =0V

SYMBOL PARAMETER MIN. TYP. MAX. | UNIT
tAR Address Set up Time (RD) 10 — - ns
trA Address Hold Time (RD) 10 - - ns
tRR RD Pulse Width 160 — — ns
*trRD Valid Data (RD) - - 120 ns
*tAD Address to Valid Data - - 185 ns
tpF Data Floating (RD) 10 - 85 ns
trey Read cycle Time 200 - - ns
taw Address Set up Time (WR) 0 - - ns
twa Address Hold Time (WR) 0 - - ns
tww WR Pulse Width 160 - - ns
tow Data Set up Time (WR) 120 - - ns
twp Data Hold Time (WR) 30 - - ns
twey Write Cycle Time 200 - - ns
towH CLK Pulse Width of High Level 80 - - ns
towL CLK Pulse Width of Low Level 50 - - ns
tey Clock Period 200 - - ns

050489
*TEST CONDITION CL = 150pF

11.4.1 ACTEST CONDITION

D.U.T
CL=150pF

-

050489

11.4.2 ACTEST INPUT WAVEFORM

2.4
22 TEST 2.2
> POINT <
0.45 0.8 0.8 050489
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12. TIMING DIAGRAM

Ag, CS X
|\

taR trey

trRR trA

Figure 12.1 READ TIMING

050489

Ag, CS >§r

taw tww twa

3

twey

N

tow twp,

DBo~DB7 X _X

Figure 12.2 WRITE TIMING

towH

050489

towL

CLK —
N\

7

tey

v |

AN

Figure 12.3 CLOCK TIMING

050489
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640ps

||

s L L L L L L L]
e

o] | _

1L L LT LU
=
A e D A

[ I N A )

figure 12.4 scan timing

PRESCALER PROGRAMMED FOR INTERNAL

<«—————— 640ps = 64tcyC ——————>| FREQUENCY = 100 KHz SO tcyc = 10us
SLo \
SLy
OUTA¢-3 BLANK A(0) A1) oo
*BLANK CODE IS EITHER O0H
OR FFH OR 20H
OUTBo.3 LoD 8 (0) B (1) o0
| { 490ps i | 490ps i I
80pus {70pus 80pus|70pus 80ps|70us
BD \ F/ _/—
80ps
RLo-RLy ]RLOIRL1‘RLZ‘RLglRL4lRL5‘RL5lRL7 RLo[RuIRLZ‘RLglRu\RLS‘RLGIRLy

60ps —>| CONDITIONAL WRITE TO FIFO RETURN LINES ARE SAMPLED ONE AT A TIME AS SHOWN
40ps —> RLp SELECTED LATCHED

Note: SHOWN IS ENCODED SCAN LEFT ENTRY 050489
SL2-SL3 ARE NOT SHOWN BUT THEY ARE SIMPLY SLy DIVIDED BY 2 AND 4

figure 12.5 example of display timing
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13. EXAMPLE OF APPLICATION CIRCUIT

MICROPROCESSOR SYSTEM

DATA BUS

CONTROL

ADDRESS

CLOCK

SHIFT KEYBOARD MATRIX
CONTROL
RETURN LINE
8 COLUMNS
8 8 ROWS
SHIFT CNTL RLg~7 H 8
IRQ
N 3->8 DECODER
K 41DBo~7 1
RD M 3
) )
— RD 3 SCAN LINE 4 (LSB 3 BIT)
WR _—
WR % SLO~3 / 4
RESET RESET
cs T 9
Ao Ao 4->16 DECODER
BD
CLK CLK
OUTBp~3 OUTAQ~3

v
E—ian

—

BLANKING ADDRESS (DECODER)

DISPLAY DATA

DISPLAY

050489

Figure 13.1 EXAMPLE OF APPLICATION CIRCUIT
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14. EXTERNAL DIMENSION
14.1 40PIN DIP EXTERNAL DIMENSION
DIP40-P-600

Unit: mm

40 21

e 8 s O e O s e O e Y e O e s O e s e O e s v O e e O e O |

0~ 15°

13.4%0.2

L D iy R g R

| 50.7+0.2 |

1.22TYP

2.54

050489

Note: Each lead pitch is 2.54mm, and all the leads are located within +0.25mm
from their theoritical positions with respect to No.1 and No.40 leads.
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14.2 40PIN SOP EXTERNAL DIMENSION
SSOP40-P-450
Unit : mm
4 —
e £
© & S
—t ® : g
1HHH ilililikikik 2
1.15TYP 0.35%0.1
T i [ LRI
| 17.5%£0.2 ~
’ o %
ﬁmmmmmmmmmmﬁ q_éi
e $5
= 2 z
0.8+0.2
050489

Note : Package Width and Length do not include Mold Protrusions.
Allowable Mold Protrusion is 0.15mm.
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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

TMP8279P-5

1. GENERAL DESCRIPTION

The TMP8279P-5 (hereinafter referred to as TMP8279) is a programmable

keyboard/display interface designed for use as the TLCS-85A microcomputer peripheral.
The keyboard portion can provide a scanned interface to a 64-contact key matrix. Also,

the keyboard portion can interface to an array of sensors or a strobed interface keyboard.
Key depressions can be 2-key lockout or N-key rollover. The display portion has 16 X8
bits display RAM which can be treated as dual 16 X4 bits. Both right entry and left
entry display formats are possible.

2. FEATURES

Simulataneous Keyboard/Display operation is possible

Scanned Keyboard mode.

Scanned Sensor Matrix mode.

Strobed Input Entry mode.

Buil in 8-character FIFO or 64 bit Sensor RAM

Programmable 2 Key Lockout or N-key Rollover with contact Debounce.
Built in 16 X 8 bit display RAM.

Programmable scan timing

Compatible with INTEL 8279-5.
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3. PIN CONNECTION

RLy 01 p 40 [1 Vce

RL3 02 39 1 RL4

CLK 3 38 11 Rlg

IRQ 04 37 ] CNTL/STB

RLa gs 36 [ SHIFT

RLs 56 35 SL3

RLe 07 34 11 SLp

RLy [I8 33 Sl
RESET 019 11 1nasag 32 1 Slo

RD 010 31 ] OUT By

WR 11 30 | OUT By

DBo [ 12 29 1 OUT B,

DBy 013 28 1 OUT B3

DB, [ 14 27 ﬁ OouUT Ag

DB3 15 26 1 OUT A

DB [ 16 251 OUT A

DBs [17 240 OUT A3

DBg 18 2301 BD

DB7 019 220 CS

Vss [ 20 210 Ao 050489

Figure 3.1 Pin Connection

4. BLOCK DIAGRAM

KEYBOARD SHIFT
DEBOUNCE RE- CNTL/STB

FIFO/ AND TURN
IRQ < SENSOR RAM ~— CONTROL RLo~RLy
STATUS 4 p CIRCUIT _ |= 3
8x8 4
Ao FIFO/ SCAN
S — /0 SENSOR RAM COUN SLo~SL3

CONTROL -TER

RD —

WR —

wv
> Y
o CONTROL | |
8 < TIMING TIMING AND
DB~DB; DATABUS o CONTROL ——> BD
BUFFER }u-.: REGISTERS CIRCUIT

E )

RESET

CLK

DIS- 8

16x8 PLAY OUTA(~OUTA3
DISPLAY

oA RTEEGF;S OUTBo~OUTB3

DISPLAY
ADDRESS
REGISTERS
050489

Figure 4.1 Block Diagram
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5. PIN NAME AND PIN DESCRIPTION

VSS (Power Supply)

Ground

VCC (Power Supply)

+5V during operaiton

DBy~DB7 (Input/Output)

Bidirecitonal Data Bus. All data and commands are transfered via this data bus.
CLK (Input)

System clock used to generate the TMP8279 internal timing.

RESET (Input)

A high level signal on this pin resets the TMP8279. After being reset the
TMP8279 is placed in the following state.

(1) 16X8bit character display, left entry.
(2) Encode scan keyboard, 2 key lockout, clock pre-scale value is set to 31.
CS (Input)

A low level input on this pin enables RD and WR communication between the
MPU and the TMP8279.

Ao (Input)

This inputs acts in conjunction with the CS, WR and RD pins. A high level
input on this pin indicates the signals on data bus are interpreted as command or
status. A low level input indicates they are data in the RAMs.

WR (Input)

A low level input on this pin when CS is low enables the TMP8279 to accept
command or data from the MPU.

RD (Input)

A low level input on this pin when CS is low enables the TMP8279 to output
data or status onto the bus.

MPU85-296



TOSHIBA TMP8279

U IRQ (Output)

Interrupt request output. In a keyboard mode, the interrupt line is high when
the FIFO/Sensor RAM has effective data. The interrupt line goes low when each
FIFO/Sensor RAM read and returns high if the RAM still has effective data. In
sensor matrix mode, the interrupt line goes high whenever any change in the
sensor matrix is detected.

° SLp~SLg (Output)
Scan lines which are used to scan the key switch or the sensor matrix and the
display digits. These lines can be either encoded (1 of 16) of decode (1 of 4).
° RLg~RL7 (Input)

Return lines which are connected to the scan lines through the keys or sensor
switches. Each line has an internal pullup to kee~ "* high until a switch closure
pullsitlow. They also serve as an 8-bit input in Strobed Input mode.

° SHIFT (Input)

This input status is stored in the FIFO RAM in addition to information of the
key position on key closure in Scannned key board modes. It has an internal
pullup to keep it high until a switch closure pulls it low.

° CNTL/STB (Input)

For Keyboard modes this line is used as a control input and stored like status on
a key closure. This can be programmed as the strobe line that enters the data into
FIFO in Strobed Input mode (Rising Edge). It has an internal pullup to keep it
high until a switch closure pulls it low.

) OUTAy~OUTA3 (Output)
) OUTBy~OUTB3 (Output)

These two ports are the outputs for the 16 X4 display refresh registers. The data
from these outputs is updated synchronized with the scan lines (SLg~SLg) for
multiplexed digit displays. The two 4 bit ports may be blanked independently.
These two ports may also be treated as one 8-bit port.

e  BD (Output)

This output is used to blank the display during digit switching or by a display
blanking command.
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6.2

6.3

6.4

FUNCTIONAL DESCRIPTION
/0 CONTROL AND DATA BUS BUFFER

The I/O control section uses the CS, Ag, RD and WR lines and controls the flow of data
to and from the various internal registers and buffers in the TMP8279. CS input enables
the all data flow to and from the TMP8279. The character of the information given by
the MPU, is identified by Ag. RD and WR decide the direction of data flow through the
data bus buffer. The data bus buffer is bidirectional buffer which is used for connecting
the internal bus and a system bus. When CS is high, the buffer is in a high impedance
state.

CONTORL REGISTER, TIMING REGISTER AND TIMING CONTROL CIRCUIT

The keyboard and display modes or the other operating conditions are programmed
by the MPU. These modes are latched at the rising edge of WR when Ag is high. The
timing control contains the basic counter chains. The first counter is the 1/N prescaler
that can be programmed to yield an basic internal frequency which gives a 5.1ms
keyboard scan time and a 10.3ms debounce time. The other counters divide down the
basic internal frequency to provide the proper keyboard matrix scan and display scan
timings.

SCAN COUNTER

Two modes are available for the scan counter. In the encode mode, the counter
provides a binary count that must be externally decoded to provide the scan lines for the
key board and display. In the decode mode, the scan counter decodes the least
significant 2 bits internally and provides a decoded 1 of 4 scan. Note that the only first 4
characters in the Display RAM are outputted from OUTA(.3 and OUTB_3 in the decode
mode.

RETURN BUFFER AND KEYBOARD DEVOUNCE CONTROL CIRCUITS

The 8 return lines are latched onto the return line buffer. In the Keyboard mode,
these lines are scanned to look for key closures in a row. If the debounce circuit detects a
closed switch, it waits about 10ms*, and checks if the switch remains closed. If it does so,
the address of the switch and the status of SHIFT and CNTL lines is transferred to the
FIFO.
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6.5

6.6

FIFO/SENSOR RAM AND FIFO/SENSOR RAM STATUS

The FIFO/Sensor RAM is a dual funciton RAM. In the keyboard mode or in the
Strobe Input mode, this RAM serves as a FIFO. The FIFO status shows whether the
FIFO is empty or full and keeps the number of characters in the FIFO. In addiiton, there
is a flag to show an error in the case where too many reads or writes is recognized. The
FIFO status can be read at CS=RD=0, Ag=1. The FIFO status logic provides an IRQ
signal when the FIFO is not empty. In the scanned sensor matrix mode, the RAM serves
as a Sensor RAM. IRQ becomes high when a change in the sensor is detected.

DISPLAY ADDRESS REGISTERS AND DISPLAY RAM

The display address registers hold the address of the word currently being written or
read by the MPU and the two 4 bit nibbles being displayed. The Display RAM stores
data for display outputs. The read/write addresses are programmed by the MPU
command. They also can be programmed to auto-increment after read or wirte. The
Display RAM can be directy read out by the MPU after mode and address is set. The A
and B nibbles of the Display RAM are outputted to the Display Outputs A and B
syncronously with scan signals (SLg~SLg3). The A and B nibbles can be entered
independently or as one word by the MPU command.

* In case of 100KHz basic internal frequency.
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7. COMMAND DESCRIPTION
7.1 KEYBOARD/DISPLAY MODE SET

DBy DBg DBs DBy

DB

loJoJo]bp]po ]k

'

Display Mode

]
Keyboard Mode

8 x 8 bit character display - Encoded Scan Keyboard -
010 Left entry ¥01010 2-Key Lockout
<ol 16 X 8 bit character display ~ ololy Decoded Scan Keyboard -
Left entry 2-Key Lockout
1lo 8 x 8 bit character display — ol1lo Encoded Scan Keyboard -
Right entry N-Key Rollover
111 16 x 8 bit character display - ERE Decoded Scan Keyboard -
Right entry N-Key Rollover
110 |0 |Encoded Scan Sensor Matrix
Default after reset .
110 | 1|Decoded Scan Sensor Matrix
1110 |Strobed Input, Encoded Display Scan
1111 |Strobed Input, Decoded Display Scan
050489
7.2 PROGRAM CLOCK
DB; DBg DBs DBy DB, DBj DBg

[olof ]~

[plr > ]

050489

The TMP8279 generates all timing and multiplexing signals by means of the internal

prescaler. The prescaler generates internal reference clocks by dividing an external

supply clock by a programmable value PPPPP. Any number from 2 to 31 can be setasa

prescaler value. When this value is set to 0 or 1, it is interpreted to be 2. If the internal

reference clock is set to 100kHz, it is possible to obtain 5.1ms keyboard scan time and
10.3ms debounce time. The value PPPPP is set to 31 after reset, but cannot be changed

by the Clear command.
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7.3 READ FIFO/SENSOR RAM

DBy DBs DBs DBg DBz DB, DBy DBo
l 0 I 1 I 0 { Al | X ’ AiA | A | X=don’t care 050489

If this command is writen, the subsequent data reads are set up for the FIFO/Sensor
RAM. Auto-increment flag (AI) and the RAM address bits AAA are valid only in Sensor
Matrix Mode. The address bits AAA select one of the 8 rows of the Sensor RAM. If
Al=1, the RAM address is incremented after each successive read. The Auto-
incremented flag does not affect the auto-increment of the Display RAM.

7.4 READ DISPLAY RAM

DBy DBg DBs DBs DBz DB, DBy DBp
A l A

IOI1]1|AI|A]Ar i 050489

If this command is written, the subsequent data reads are set up for the Display RAM.
The address bits AAAA select one of the 16 rows of the Display RAM. If Al=1, the
address is incremented after each read or write to the Display RAM. This command sets
the next read or write address and the sense of the Auto-increment.

7.5 WRITE DISPLAY RAM

DB; DBg DBs DBs DBz DB, DBy DBy
|1IO’O|AIIAIAIAiA] 050489

If this command is written, the subsequent data writes are set up for the Display
RAM. Note that writing this command does not switch the source of the subsequent
data reads. The address register of the Display RAM is same for read/write operations.

The addressing and Auto-increment funciton are identical to those for the Read Display
RAM.
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7.6 DISPLAY WRITE INHIBIT/BLANKING

DB; DBg DBs DBs DBz DBz DBy DBy
[ 1 ] o] 1 [ x [walws][sLa]Bie | X=don'tcare 050489

The IWA or IWB bit can be used to mask A nibble or B nibble for entering the Display
data independently. The BLA or BLB flag is available for the nibble A or B to blank the
display. In the case where the Display Outputs are used as separate 4-bit display ports,
the IWA or IWB bit is useful so as not to affect the other display port when the MPU
writes a word to the display RAM. The BLA or BLB bit is used for blanking the display
independently without giving any affect to the other 4-bit display port. The blank code
is determined by the last Clear command that has been programmed after reset. If the
Display Output is used as an 8-bit port, it is necessary to set both BLA and BLB bits for
blanking the display. The BD signal becomes low.

DB; DBg DBs DBy DBz DB, DBy DBy

A T A

A3 Az Aq Ag B3 B2 B4 Bo

Correspondence between Display Output and Data Bus 050489
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7.7 CLEAR

7.8

DBy DBs DBs DBsg DBz DB, DB DBg
[ 1 f 1J;0J Cp l Cp I Cp I Cr lCAJ 050489

The Cp bits are used to clear all rows of the Dislay RAM to the following code shown
below.

(DB4) (DB3) (DB2)

Cp Cp Cp
- All Zeros (X =Don't Care)
- All Hex 20H (0010 0000)
- All Ones
- notcleardisplayifCa=0

X = = O
X = o X

]
1
)
0
¢

Enable clear display when Cp=1(orby Ca=1) 050489

While the Display RAM is being cleared, it may not write to the Display RAM. The
MSB bit of the FIFO status word is set during this time. If the Cy bit is set to “1”, the
FIFO status is cleared and the interrupt request output (IRQ) is reset. Also, the Sensor
RAM pointer is set to the row 0.

The Cp bit has the combined effect of the Cp bit and Cg bit. It enables clear display
code to the Display RAM and also clears the FIFO status. Furthermore, it re-
synchronizeds the inernal timing chains.

END INTERRUPT/ERROR MODE SET

DBy DBg DBs DBs DBz DB, DBj DBy
l‘l k1 L1 |Elx|xLx]x| X: don'tcare 050489

In the Sensor Matrix mode, this command loweres the IRQ line and enables writing to
the Sensor RAM. This means that a write to the Sensor RAM is inhibited when IRQ line
is high. If the E bit is set to “1”, the S/E bit of the FIFO status becomes “1” when any one
of the sensor switches is closed. If E=0, the S/E bit is always “0”. In the N-Key Rollover,
if the E bit is progrmamed to “1”, the Special Error mode will be resulted.
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7.9 FIFOSTATUS

Du

S/E

NNN :

DBy DBg DBs - DBy DBz DB, DBy DBy

[oy [siteEJ]o Ju Tl *fr [ n] N[N

1
I Number of characters in FIFO

FIFO Full

Error-Underrun
Error-Overrun

Sensor Closure/Error Flag for
Multiple Closures

Display unavailable 050489

indicates that the Display RAM is unavailable because a Clear Display or
Clear All command has not completed its clearing operation.

in a Sensor Matrix mode, if the E bit of End Interrupt/Exror Mode Set is
programmed to “1”, this S/E bit is set to indicate that at least one sensor
closure indication is contained in the Sensor RAM.

In Special Error Mode, this S/E bit is showing the error flag and serves as an
indication to whether a simulataneous multiple closure error has occured.

indicates that the entry of another character into a full FIFO was attempted.
indicates that the MPU tried to read an empty FIFO.
indicates that the FIFO is full of the eight characters.

indicate number of characters in the FIFO when in the Keyboard Mode or in
the Strobe Input Mode.

Table 7.1 Addressing

[ Ao RD WR Functions

0 0 0 1 Read Data

0 0 1 0 Write Data

0 1 0 1 Read Status word

0 1 1 0 Write Command word
1 X X X High-impedance state

050489
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8.
8.1

8.2

INTERFACE WITH KEYBOARD
SCANNED KEYBOARD, 2-KEY LOCKOUT

In this mode, if one key only is kept depressed during one debounce cycle (2 times of
the key scan cycle), the key is recognized. When a key is depressed, the debounce logic is
set and the other depressed keys are checked during the next two scan cycle. If none are
encountered, it is a single key depressing and the key position is entered into the FIFO
along with the status of CNTL and SHIFT lines. If another depressed key are
encountered, operates as follows.

KV LI LI L I — LI
f T T T TDEBOUNCE CYCLE
KEY 2 L L
) )
KEY 3 L] L] LI
T T 1 050489

Figure 8.1 Example of a case where a first defressed
key is continuously kept to the las

KEY 1 L] LI LI LI u
4 0 A 4
KEY 2 L] LI
4 0
KEY 3 L] L] L]
4 4 i .
4 ---- Debounce logic s set
g -+ Entered to FIFO 050489

Figure 8.2 Example of a case where all depressed keys are ignored

As shown in Figure 8.1, if all the other keys are released before the first depressed
key, the first depressed key is recognized. As shown in Figure 8.2, if the first depressed
key is released within one debounce cycle after the other keys was released, than all
keys are ignored.

SCANNED KEYBOARD, N-KEY ROLLOVER

In this mode, each key depression is independently treated from all others. In the 2-
Key lockout mode, if a key is depressed, the debounce logic is set. If the other keys are
depressed within one debounce cycle after it, the debounce logic is set again. The first
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8.3

8.4

8.5

depressed key is ignored. In the N-key Rollover mode, if a key is depressed waits one
debounce cycle and then checks if the key is still down. If it is, the key is entered into the
FIFO even if other keys are depressed.

KEY 1 LI Li_l N U e B

T 1DEBOUNCE CYCLE

LI L Ll L

KEY3 LI LI LI LI L] LI
T 1DEBOUNCE CYCLE

050489

KEY 2

Figure 8.3 Example of 3 keys being pushed simultaneously

In the example as shown in Figure 8.3, the debounce circuit starts by Key 1, and
checks if the key is still down after one debounce cycle. If it is, Key 1 is recognized and
Key 2 isignored not to be depressed for one debounce cycle.

SPECIAL ERROR MODE (N-KEY ROLLOVER)

This mode is set if the E bit of the End Interrupt/error Mode Set command is
programmed to “1”. In the normal N-Key Rollover Mode, the key information is entered
to the FIFO according to the key scan timing even if a simulataneous multiple
depression occures during one debounce cycle. In the Special Error Mode, if a
simulataneous multiple depression occurs during one debounce cycle, sets the error flag
(the S/E bit of the FIFO status word) to “1”. This flag prevents any further writing into
the FIFO and will set interrupt request IRQ). The S/E bit is cleared if the normal Clear
command is written with Cp=1.

SENSOR MATRIX MODE

In Sensor Matrix Mode, the debounce circuit does not operate. The status of the
sensor switch is inputted directly to the Sensor RAM. The MPU can know a validated
closure in the keyboard, however this mode has such advantage that the MPU knows
how long the sensor was closed and when it was released.

If there is any change in the sensor value at the end of the sensor matrix scan, the
IRQ line goes high. The IRQ line is cleared by the first data read if the Auto-increment
flag is “0” or by the End Interrupt/Error Mode Set command if Al=1.

STROBE INPUT MODE

In Strobe Input Mode, the debounce circuit does not operate. The data is inputted into
the FIFO from the return lines at the rising edge of CNTL/STB Signal. When the data is
entered into the FIFO, the IRQ line goes high.

The functions of the FIFO and the FIFO status in this mode are same as those in the
keyboard mode.
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9. DATAFORMAT
9.1 KEYBOARD MODE

DB; DBg DBs DBs DBz DB, DBy DBg

CNTL | SHIFT SCAN RETURN

050489

In this mode, the Data Format of the character entered into the FIFO is as follows.
The MSB is the status of CNTL/STB line and the next MSB shows the status of SHIFT
line. The next three bits are from the scan counter and indicate the row the key was
found in. The last three bits are from the column counter and indicate to which return
line the key was connected.

9.2 SENSOR MATRIX MODE

DBy DBg DBs DBs DBz DB DBy DBy

RLy RLe RLs RLg RL3 RL2 RL4 RLo

050489

In this mode, the data on return lines is inputted in the row of the Sensor RAM in
order according to the scan. The data is entered even if there is no change in the status
of the sensor matrix switches. Each switch position maps to a Sensor RAM position.
CNTL and SHIFT signals are ignored.

9.3 STROBEINPUT MODE

DB; DBg DBs DB; DB; DB, DB; DBg

RL7 | RLg | RLs | RLg | RL3 | RL2 RL4 RLg

050489

In this mode, the data on the return line is entered into the FIFO at the rising edge of .
CNTL/STB signal.
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10. INTERFACE WITH DISPLAY
10.1 LEFTENTRY

In Left Entry mode, address 0 of the Display RAM is the left-most side of the display
and address 15 (address 7 in the case of 8-character display) is the right-most side.
When characters are inputted onto the Display RAM with the auto-increment mode
from address 0 of the display RAM, Characters are filled from the left-most position of
the display. The 17th (or 9th) character is placed in the left-most position again.
Address of the display RAM corresponds directly to each display position of the display,
and so its position does not change every entry.

<« Display RAM Address —

' 0 1 1415 0 1 2 3 4 5 6 7
tstenty [1] T tstenty [ [ [ [ [ [ [ ]
o 1 14 15 0 1 2 3 4 5 6 7
ndenty [1[2] T Joondenty [1 2] | T T T T ]
L 14 15 command 0 1 2 3 4 5 6 7
tethentry [1 [ 2] ety (1121 [ [ [ [ 1 ]

(10010101) Entry from Address 5 with
Auto increment mode.

0 1 ] 14 15 0 1 2 3 4 5 6 7
17th entry adentry [ 1 [ 2] | T T3] 1 ]

o 1 0 1 2 3 4 5 6 7
18th entry athentry [1 ]2 ] [ | [3la] |

050489
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10.2 RIGHT ENTRY

In Right Entry, the first entry if from the right-most position. Address of the Display
RAM does not correspond to the display position.

« Display RAM Address —

12 14150 0 1 2 3 4 5 & 7
stenwy [T T Tt ey [T T T T T T Tt]

2 3 15 0 1 2 3 4 5 6§ 7 0 1
andenty [T T 2] andenty (1121 T T T TTT7]

3 4 . 0 1 2 command 2 3 4 5 6 7 0 1
sdentry [ [ [ 1 ]27]3] wite | | [ [ [ T1]2]

(10010101) Right Entry from Address 5
with Auto-increment mode

o 1 13 14 15 3 4 5 6 7 0 1 2
tethentry [1 [ 2 [ [1a]5]16] 3rdenty [ [ [3[ [ T1]2] ]
12 14 15 0 4 5 6 7 0 1 2 3
thenty [2 13 56 [17] ahenty [ [3]a] [1]2] T |
2 3 15 0 1 5. 6 7 0 1 2 3 4
18thentry [3 4 [16]17]18] Sthentry [3]4a[5[1]2] | | |
6 7 0 1 2 3 4 5
sthenty [4[5]6 2] [ | 3]

2 3 4 5 6 7 0
10thentry [8 9 J10]3]4[5]6]7]
3 4 5 6 7 0 1 2
MMthentry [9 [0 [4[5]6]7 8]

050489
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11. ELECTRIC CHARACTERISTICS
11.1 ABSOLUTE MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vce Vce Supply Voltage (with respect to GND (Vss)) -0.5t0 +7.0 \
VIN Input Voltage (with respect to GND (Vss)) -0.5to +7.0 \Y,
Vourt Output Voltage (with respect to GND (Vss)) -05t0 +7.0 Y,
Pp Power Dissipation 1 w
Tsol Soldering Temperature (soldering time 10 sec) 260 °C
Tstq Storage Temperature -65to + 150 °C
Topr Operating Temperature 0to 70 °C
050489
11.2 D.C. ELECTRICAL CHARACTERISTICS (Ta=0to 70°C, Vcc =5V + 10%, Vss = 0V)
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
ViL Input Low Voltage (RLo~RL7) -0.5 1.4 Y
Viz Input Low Voltage (Others) -0.5 0.8 \Y
ViH Input High Voltage (RLg~RL7) 2.2 v
V42 Input High Voltage (Others) 2.0 Y
VoL Output Low Voltage loL=2.2mA 0.45 \Y
VOH1 Output High Voltage (IRQ) loH = — 100pA 35 v
VoH2 Output High Voltage (Others) | loq = —400pA 2.4 Vv
Input Leak Current Vin=Vcc +10
ht pA
(SHIFT, CNTL, RLp~RL7) ViN=0V -100
liL2 Input Leak Current (Others) OV= VNS Ve +10 pA
loFL Output Leak Current 0.45V=VoyTt=Vcc +10 pA
Icc Supply Current 120 mA
050489
11.3 INPUT CAPACITY
SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNIT
Cin Input Capacity {Jcnzrr}e“gls_iuzred 5 10 pF
Cout Output Capacity Pins returned to Vss. 10 20 pF

050489
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11.4 A.C. ELECTRICAL CHARACTERISTICS (Ta=0to 70°C, Vcc = 5.0V £ 10%, Vsg = 0V)

SYMBOL PARAMETER TEST CONDITIONS | MIN. | TYP. | MAX.| UNIT
tAR Address Set up Time (RD ) 0 ns
tRA Address Set up Time (RD 1) 0 ns
tRR RD Pulse Width 250 ns
tRD Valid Data (RD 1) CL=150pF 150 ns
taD Address to Valid Data CL=150pF 250 ns
tpF Data Floating (RD 1) 10 100 ns
trey Read Cycle Time 1 s
tAw Address Set up Time (WR |) 0 ns
twa Address Hold Time (WR 1) 0 ns
tww WR Pulse Width 250 ns
tow Data Set up Time (WR 1) 150 ns
twp Data Hold Time (WR 1) 0 ns
tow CLK Pulse Width 120 ns
tey Clock period 320 ns

050489
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12. TIMING DIAGRAM

Ao, [ X\-

tAR

trey

tRR

trRA

DBg~DBy == === ————— < X

Figure 12.1 Read Timing

050489

wes X

taw tww

twa

3
=
A
t

tow

twp

P
DBo~DB7 >§

Figure 12.2 Write Timing

CLK ——

tey

tow

050489

|\

Figure 12.3 Clock Timing

050489

MPU85-312



TOSHIBA TMP8279

ENCODED SCAN 64tcyc

||

so | L L
SN T e T e H e N
] | |

DECODED SCAN

S I s I e O e B

S I e B e I e

s I e B e B e

I o T A A

Figure 12.4 Scan Timing

INTERNAL FREQENCY = 100KHz
~—————— 640ps = 64tcy¢ ———>] SO TCYC=10ps

) \

SLq
BLANK BLANK BLANK
OUT Ap~3 CODE CODE CODE
’ L BLANK CODE IS EITHER
OOH OR FFH OR 20H.
BLANK BLANK BLANK
OUT Bo~3 CODE CODE CODE
I i 490ps i | - 490ps |
80ps |70ps 80ps| 70ps 80us 0].15
85\ _/
80ps
Rlo~7 lRLo!RL1‘RLZ[RLglRu[RLs[RLGlRU Rlﬂ RL1|RL2LRL3JRL4!RL5BL6‘RL7
60ps —| WRITE TO FIFO/Sensor RAM
40us —> RLo LATCHED
Note: Shownisencoded scan, left entry SL2, SL3 are SL1 divided by 2 and 4. 050489

Figure 12.5 Example of Display
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13. EXTERNAL DIMENSION
13.1 40 PIN DIP EXTERNAL DIMENSION
DIP40-P-600
Unit: mm
3
<
|_IL_II_JL_ILJI_ILJuL_II_H_H_]LJuL_H_JLJl_‘L_H2__IO
| 50.7£0.2 |
1.22TYP
0.25

050489

Note: Each lead pitch is 2.54mm, and all the leads are located within +£0.25mm from their
theoritical positions with respect to No.1 and No.40 leads.
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14. EXAMPLE OF APPLICATION CIRCUIT

SHIFT
KEYBOARD
SommoL ) KRR
LINE 8
8 COLUMNS
8 ROWS
8-BIT SHIFT CNTL RLo~7 3
MICROPROCESSOR
SYSTEM IRQ
3 -8 DECODER
DATA BUS DBo~7
N T
RD 5 M SCAN LINE 3
e b 4 (LSB 3 BIT)
CONTROL WR WR sL, /
RESET 8 -3 7 N
RESET 5
[ — 7
cs
9
ADDRESS{ Ao Ao o 4 —> 16 DECODER

8D
cLoCK CLK CLK
OUTBg~3 OUTAg~3 6

BLANKING ADDRESS

4 (DECODER)
4 DISPLAY DATA

Z J DISPLAY

050489

Figure 14.1 Example of Application Circuit
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CMOS PROGRAMMABLE PERIPHERAL INTERFACE

TMP82C255AN-2 / TMP82C265AF-2
TMP82C255AN-10/TMP82C265AF-10

1. GENERALDESCRIPTION AND FEATURES

The TMP82C255A/TMP82C265A is a CMOS high speed programmable input/output
interface with six 8-bit I/O ports. The function is almost equivalent to TMP82C55A X 2.
The TMP82C265A has the function that ports state are selectable immediately after
reset by hardware either in input state or output state.

The TMP82C255A has not this function.

The TMP82C255A/TMP82C265A is fabricated using Toshiba’s CMOS Silicon Gate

Technology.

(1) 48 programmable I/O terminals (8 bit X 6 ports)
(2)  The ports of TMP82C265A are capable to set to output after reset by hardware.
(3) High Speed Version (TRD =100ns MAX: TMP82C255AN-10/TMP82C265AF-10)

(4) Low power consumption 3mA. Typ.
10pA. MAX. (@5V stand-by)

(5) Three operation modes (Mode 0, Mode 1, Mode 2)
(6) Bit set/reset capability (PCggto PCq7, PC1gto PCy7)

(7)  Allports are capable of driving darlington transistors
—2.5mA. Typ. @QVEXT=1.5V, REXT=1.1kQ

(8) Extended operating temperature : —40°C to +85°C

(9) Twopackages

TMP82C255AN 64 PIN Shrink DIP

TMP82C265AF 80 PIN Mini Flat Package
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L1€-S8NdIN

687050

csS1—25
SELy C]26 79
GND 27 78
pc,, 28 77
pc,. 29 76
pc,. 30 75
pc,, =31 74
pc, 132 73
pc,, 433 72
pc,, {34 71
pc,, 135 70
pB,, {36 69
pB, []37 68
pB12|:38 67
pB., 39 66
pB,, 40 65
ERSRGEENEEEURTLENGLEB832832
gguuguuguouuguoguoougguyg
%§§§§%§§§§%§§%§§P£99%33§

01-4VS9¢O78dINL/Z-4VS9CDOT8dINL

PAO

PCO

PC1

| PAL H

T'P(:1 Y

PCy s
PC, 4
PC10|:
PCy

LCONOUIDWN =

WWNNNNNNNNNN G o oo s
L O WO NAOAUVBEWNaOWOINOOTUIDE WN - O

32

64
63
62
61
60
59
58
57
56
55
54
53
52

50
49
48

46
45

43
42

40
39
38
37
36
35
34
33

—PAos
—1PAos
—_‘IPA07
R/W
[RESET

Dy
D'l
DZ

=N
So,
0,
D,
Fo,  _
IPB,,
EIPBg
FIPB, .
IPBg,
PBgys3
:lPBO2
:PBO‘I
F1PBoo _J
Vcc
[(PB,
,:IPB1 6
P8, .
PBia
PB, 3
PB,,
PB,,
PBig
PCy3 |
PC,y,

PAO

o

B1

PC1

01-NVSSZOZ8dINL/Z-NVSSZIT8dINL

R4

(M3IN dO1) SNOILDINNOD NId

VaIHSOLl

VS9ZDT8dINL/VSSTIT8dINL



81E-98NdIN

R/W RESET Ag Aj

DBy~
CSO DBg

GND  Vc¢c

o]

[<]]

READ WRITE CONTROL LOGIC

DATA BUS BUFFER

|

i BLOCK-1} [ BLOCK-0!
1 i ! :
1 H ! 1
i GROUP B GROUP A ! ! GROUP B GROUP A E
1 CONTROL CONTROL i 1 CONTROL ] CONTROL 1
i i H !
| | | I |
| f ' |
i INTERNAL 8-BIT BUS !
1 1 H :
i i i i
1 1 1] 1
1] ] 1 I
1 1 1 1
1 ] 1 1
i 1 i i
E GROUPB GROUP A i | GROUPB L, | GROUP A 1

1 1 1
] ] 1 1
1 1 1 1
i PORTC | PORTB PORT C | PORT A :l i PORTC | PORTB PORTC | PORTA i
1 1 1] 1
i H i H
RN bl ISR bl DR bl SR ) B i [ bl IS bl SRR el NS bl RS J

o o
PCq3~ PBy7~ PCy7~ PA17~ PCo3~ PBo7~ PCo7~ PAg7~
PCio PB10 PC1a PA19 PCoo PBgo PCosa PAoo

VSSZOT8dNL

k3

NVY5VIA Y0014

VS9ZIZ8dINL/VSSTIT8AINL

vVaIHSOL



61€-98NdIN

DB7~
RD  WR RESETAp Ay CS1SELy CSO SELg DBo GND  Vcc
READ WRITE CONTROL LOGIC DATA BUS BUFFER
/\
[ e e e e e e P e e e e e e e e e 1
! BLOCK-1 E ! BLOCK-0{
1 I ]
1 H | 1
] : : '
i GROUP B | GROUP A ! b GROUPB ] GROUP A |
H ] CONTROL CONTROL E E CONTROL CONTROL !
: : 1 :
| R I s
! : H |
H INTERNAL 8-BIT BUS H
1 T T 1
i | | i
] H H i
1 1 1 :
i | i i
i | 1 i
E L, | GROUPB L, | GROUP A i E L, | GROUPB L, | GROUP A i
1 1 ] 1]
] ] 1 1
| PORTC | PORTB PORTC | PORT A H H PORTC | PORTB PORT C | PORT A '
! E ! E
R Sl IRV bl NRPRNIRRN bull I Bl B 3 FSURRR bl SNSRI gl SRR Sl ISR Eull RN 3
PCy3~ PB17~ PCi7~  PAy7~ PCo3~ PBo7~ PCo7~ PAp7~
PC1o PB1o PCia PA10 PCoo PBoo PCoa PAgo 050489

VS9ZOC8dINL

vaIHSOLl

VS92DZ8dINL/VSSTIT8dINL



TOSHIBA TMP82C255A/TMIP82C265A

4. PIN NAMES AND PIN FUNCTIONS

Number | Input/Output

of Pin 3-state Function

Pin Name

1o 3-state bidirectional 8-bit data bus. Used for data transfer with
D7~Dg 8 3.state MPU. Also, used for transfer of control words to this device and
status information from this device.

PAp7~Pa00 8 /0 There are two 3-state 8-bit /O Port named PAO and PA1. Operation
3-state mode apd input/output configuration are defined by software. Port

PA17~PA1g 8 A contains the output latch buffer and input latch.
PBo7~PBop 8 /0 There are two 3-state 8-bit I/0 Port named PB0 and PB1. Operation
3-state mode and input/output configuration are defined by software. Port

PB17~PB10o 8 A contains the output latch buffer and input latch.
There are two 3-state 8-bit I/0 Port named PCO and PC1. Operation
PCo7~PCoo 8 mode and input/output configuration are defined by software. Port
1/0 C can be divided into two 4-bit ports by the mode control and also,
3-state used as the control signal for Port A and Port B. In this case, each 3
PC17~PC1o 8 bits of PCog to PCo2 and PC1g to PCq2 are used for Port B control and

each 5 bits of PCg3 to PCo7 and PCy3 to PCqy7 for Port A control.

Chip select input. When the terminal CS0 is at “L"” level, data

0 ! transfer between BLOCK-0 and MPU is possible. And when the

Input terminal CS1 is at “L” level, data transfer between BLOCK-1 and

— MPU is possible. At “H” level, the data bus is placed in the high
=Y L impedance state and control from the processorisignored.

Ao, Al 2 Input Used for selecting Port A, B, C and the control registers. Normally,

this terminal is connected to low order 2 bits of the address bus.

- Read signal. Only the TMP82C265A has this terminal. When this
RD 1 Input terminal is at “L" level, data or status information in this device is
transferred to MPU.

o Write signal. Only the TMP82C265A has this terminal. When this
WR 1 Input terminal is at “L"” level, data or control word is written into this
device from MPU.

READ/WRITE signal. Only TMP82C255A has this terminal. When the
. terminal CSO or CST is at “L” level, if this terminal is at “H" level,
R/W 1 Input data or status information in this device is transferred to MPU. If
this terminal is at “L" level, data or control word is written into this
device from MPU.

Only the TMP82C265A has these terminals. When SELg or SELj is a
SELo 1 “H" level, the ports are set to input state after reset, when itisa “L"
level, the ports are set to output state after reset. If the terminals is
at “L" level, the function is only capable to set to output state in
SEL4 1 mode 0. BLOCK-0 ports of block diagram is controled by SELp.
BLOCK-1 ports of block diagram is controled by SEL.

Input

When this terminal is at “H" level, all internal registeres including
the control register are cleared, and the function turn out input
state in mode 0 for the TMP82C55A and TMP82C265A with SELg or
SELy “H" level. THe function turn out output state in mode 0 for the |
TMP82C265A with SELg or SELy “L" level. Each BLOCK of
TMP82C265A is capable to set to different mode by SELg and SEL;.

RESET 1 Input

050489
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. Number | Input/Output )
Pin Name of Pin 3.state Function
Vce 1 Power supply |5V
Vss 1 Power supply | GND

050489
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5.
5.1

DESCRIPTION OF BASIC OPERATION
TMP82C255A FUNCTIONS AND FEATURES

The TMP82C255A is a programmable peripheral interface consisting of Block-0 and
Block-1 each of which has 3 sets, total 6 sets of 8-bit ports (PAO, PB0, PCO, PA1, PB1 and
PC1) each of which has 2 built-in control registers.

Block-0 and Block-1 have the independent chip select input terminals CS0 and CSI,
respectivery. Data buses D7-Dg, address input terminals A; and Ag, RESET input
terminals, and R/W terminal are commonly used by Block-0 and Block-1.

Read and Write functions are controlled by one R/W terminal and therefore, RD and
WR signals and address must be synthesized and connected to the R/W, CS0 and CST
terminals.

Total 24 ports input/output terminals each of Block-0 and Block-1 are divided into 12-
bit group A and Group B. Group A consist of upper 4 bits of Ports A and Port C, while
Group B consists of lower 4 bits of Port B and Port C. Each group is programmable
independently by control word from MPU. Three operation modes are available; Mode 0,
Mode 1 and Mode 2. In mode 0, it is programmable to use 28-bit input/output ports as
the input or output port independently. In Mode 1, the input/output ports are divided
into group A and Group B. In each group, 8 bits are used for the input or output port and
the remaining 4 bits are used as the control signal. Mode 2 is applicable only to Group A
and 12 bits are used for 8-bit two-way bus and 5-bit control signal. Further, when port C
is used as the output port, any bit of port C can be set/reset. There are two control
registers; one is used for mode setting and the other is used for bit seting/resetting. The
control register cannot be read. Further, when the reset input becomes “H” level, the
input/output internal registers are all reset and all the input/output terminals are
placed in Mode 0 and input Mode (high impedance state).

MPU85-322



TOSHIBA TMP82C255A/TMP82C265A

TMPZ84C00A TMP82C255A
Ao Ao
As A PAo
A2 adcress [ &) PBO
A7 decorder
] ——
csi
_ PA1
TORQ
RD i — PB1
WR w
D) [>o R/W PC1
RESET [>o RESET
D7 | D7
s 8 5
Do V Do

050489
Figure 5.1 Connecting example of TMPZ84C00A and TMP82C255A

In case of the TMP82C255, the read operation is controlled by the terminals CS0 or
CS1 when the R/W terminals is at “H” level and therefore, there is no AC electrical
characteristics for rise and fall of the RD terminal but anf fall of the CS0 or CSI
terminal are controlled.

The write opertion is controlled by the terminal CS0 or CST when the R/W is at “L”
level. Further, the maximum control of the setup time TWC of the CSO0 or CST for fall of
R/W terminal and the hold time Tyc of the CSO or CST for the rise of R/W terminal is
added. This is because the CSO or CSI terminal controls the read operation when the
R/W is at “H” level.
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5.2

53

54

TMP82C255A BASIC OPERATION
Basic operation of the TMP82C255A for BLOCK-0. PCO are as shown in Table 5.1.
Table 5.1 Basic Operation for Block-0 of the TMP82C255A

CSO | RESET | A1 | Ap [R/W Function
X 1 X X x | Setto all ports (six ports) input state in mode 0.
Ports terminals are in High Impedance state.
0 0 0 0 1 Data Bus « PAO
0 0 0 1 1 Data Bus « PBO
0 0 1 0 1 .| DataBus « PCO
0 0 0 0 0 PAg <« DataBus
0 0 0 1 0 PBp <« DataBus
0 0 1 0 0 PCop <« DataBus
0 0 1 1 0 Control register for BLOCK-0 <~ Data Bus
0 0 1 1 1 Inhibition of combination
1 0 X X X Non active

050489

Basic Operation for BLOCK-1 of the TMP82C255A is equal to the one shown in Table
5.1. BLOCK-1 is selected when CS1=0.

TMP82C265A FUNCTION AND FEATURES

The TMP82C265A can be set to general mode when the terminal SELg or SEL7 is
fixed at “H” level and to the output mode when it is fixed at “L” level.

In the general mode, the TMP82C265A has the functions similar to those of the
TMP82C55A but for the WR and RD functions, the independent RD and WR terminals
are provided as in the former TMP82C255A unlike R/W 1 terminal in the TMP82C255A.
Therefore, the TMP82C265A operates when connected in the same connecting method
as before.

In the output mode, all ports of the TMP82C265A are set in “L” output state in mode 0
after reset. Further, even when the write operation is made in any mode, the ports are
set in output state in mode 0, and “L” level signals are output from the ports.

TMP82C265A BASIC OPERATION

Basic operation of the TMP82C265A in the general mode (the terminal SELy-SEL7 is
“L” level) is equal to that of the TMP82C255A.

Basic operation for BLOCK-0 of the TMP82C265A in the output only mode (SELg:
“L”level) is as shown in Table 5.2.
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Table 5.2 Output Mode Basic Operation for Block-0 of the TMP82C265A

SELg| CSO | RESET | D7 | A1 | Ag | R WR Function

0 % 1 % % y N y _Set to PAQ, PBO and PCO ports “L" level output state
in mode 0

0 0 0 1 1 1 " 0 PAOQ, PBO and PCO ports “L"” level output state in
mode 0 set command

X 0 0 0 1 1 1 0 Bit set/reset control

AN 0 0 X 0 0 1 0 PAQ <« DataBus

VAN 0 0 X 0 1 1 0 PBO <« DataBus

VAN 0 0 X 1 0 1 0 PCO <« DataBus

A 0 0 X 0 0 0 1 Data Bus <« PAO (Read the terminal state)

JaN 0 0 X 0 1 0 1 Data Bus « PBO (Read internal output latch)

A 0 0 X 1 0 0 1 Data Bus « PCO (Read internal output latch)

050489
A ; The output only mode is maintained when SELg is either in “L” or “H” level if set to the output
state.
However, if the RESET terminal is set to “H” level or mode is written when SELg is at “H”
level, the output mode is changed to the general mode.

Basic operation of the TMP82C265A for Block-1 is equal to that shown in Table 5.2
but the control is made by the terminal SEL; and CS1.
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6.

6.1

DETAILED OPERATIONAL DESCRIPTION

The operation of the TMP82C255A and TMP82C265A in the general made is
described in detail. Further, the operation is described for Block-0. Block-1 has the
same functions as those of Block-0 and therefore, it is omitted.

The operation of the TMP82C265A in the output mode is considered to be a special
case of the description for the general mode provided below, in which the TMP82C265A
has been set in the output state in mode 0 from immediately after reset irrespective of
command input and therefore, the description is omitted here.

MODE SELECTION

There are three basic modes of operation that can be selected by control words.
Mode 0 - BasicI/O (Group A, Group B)
Mode 1 - Strobe input/Strobe output (Group A, Group B)
Mode 2 - Two-way bus(Port A only)

Operation modes for Group A and Group B can be independently defined by the
control word from the MPU. If D7 is set to “1” in writing a control word into the PPI, on
operation mode is selected, while of D7= “0” , the set/reset function for Port C is
selected.
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6.1.1 Control Word to Define Operation Mode

Figure 6.1 shows the control words to define operation mode of the TMP82C255A/

TMP82C265A.
Control Word
1 Group A Control Group B Control
D7 | Dg | Ds [ Ds [ D3| D | D1 | Do

I—

Input/output selection of
low order 4 bits of Port C
‘0" = Output

‘1" =Input

L Input/outputselection of

Port B
‘0" =Output
1" =Input

Mode selection of Group B

‘0’ =Mode 0
1" =Mode 1

Input/output selection of
high order 4 bits of Port C
‘0" = Output

1" =Input

Input/output selection of

Port A
‘0" = Output
1" =Input

Mode Selection Group A

1 =Designation of mode set flag

‘0’ =Mode 0

De Ds

0 0 = ModeO
0 1 = Mode 1
1 X = Mode?2

x: Don'tcare

050489

Figure 6.1 Control Word for Mode Selection
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6.1.2 Port C Bit Set/Reset Control Word
Any bit of 8 bits of Port C can be set/reset by Port C bit set/reset control word. Figure
6.2 shows the Port C bit set/reset control word.

Control Word
| o7 [ ps [Ds [ D | D3 [ D2 [ Di [ Dp |

L Bit set/reset selection

Don'tcare “0" = Reset
“1" = Set
i fla ]
s o [0 [0 [
. 0 0 1 PCo1
0 1 0 PCo2
0 1 1 PCo3 — Bitselection
1 0 0 PCos
1 0 1 PCos
1 1 0 PCos
1 1 1 PCo7

050489
Figure 6.2 Control Word for Bit Set/Reset

6.2 OPERATION MODES
6.2.1 Mode 0 (Basic 1/0)

This functional configuration is used for simple input or output operations. No
‘handshaking’ is required and data is simply written to or read from a specified part.
Output data to the ports from MPU are latched out but input data from the ports are not
latched.

In Mode 0, 24 I/O terminals are divided into four groups of Port A (8 bits) , Port B (8
bits) , high order 4 bits of Port C and low order 4 bits of Port C. Each port can be
programmed to be input or output. The configuration of each port are determined
according to the contents of Bit 4 (Dy4) , 3 (D3) , 1 (D7) and 0 (Dg) of the control word for
mode selection.

The I/O configuration of each port in Mode 0 are shown in Table 6.2.
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Table 6.2 Port definition in Mode 0

Mode Setting Control Word Port C Port C i
Port A PortB :
Dg D3 D4 Do (PCo7~PCoa) (PCo3~PCo0)
0 0 0 0 Out Out Out Out
0 0 0 1 Out Out Out In
0 0 1 0 Out Out In Out
0 0 1 1 Out Out In In
0 1 0 0 Out In Out Out
0 1 0 1 Out In Out In
0 1 1 0 Out In In Out
0 1 1 1 Out In In In
1 0 0 0 In Out Out Out
1 0 0 1 In Out Out In
1 0 1 0 In Out In Out
1 0 1 1 In Out In In
1 1 0 0 In In Out Out
1 1 0 1 In In Out In
1 1 1 0 In In In Out
1 1 1 1 In In In In

050489

6.2.2 Mode 1 (Strobe I/0O)

In Mode 1, input/output of port data is performed in conjunction with the srtobe
signals or ‘handshaking’ signals. Port C is used to control Port A or Port B.
The basic operatings in Mode 1 are as follows:

Mode 1 can be set for two groups of Group A and Group B.
Each group consist of 8-bit data port and 4-bit control/data port.

The 8-bit data port can be set as input or output port.

The control/data port is used as control or status of the 8-bit data port.

When used as the input portin Mode 1:

STB (Strobe Input)

At “0”,input data is loaded in the internal input latch in the port.
In this case, a control signal from MPU is not concerned and data is input from the
port any time. This data is not read out on the data bus unless MPU executes an
input instruction. v

IBF (Input Buffer Full F/F Output)

When data is loaded in the internal input latch from the port, this output is set
to “1”7. IBF is set (“1”) by STB input being reset and is reset (“0”) by the rising edge
of RD input.
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. INTR (Interrupt Request Output)

Used for the interrupt process of data loaded in the internal input latch. When
STB input is at “0” if INTE (INTE flag) in the PPI is in the enabled state (“17) , IBF
is set to “1”. INTR is set to “1” immediately after the rising edge of this STB input
and reset to “0” by the falling edge of RD input.

The INTE flags of Group A and Group B are controlled as follows:

INTEA - Control by bit set/reset of PCqy
INTEB - Control by bit set/reset of PCggq

(2)  When used as the output port in Mode 1:
° OBF (Output Buffer Full F/F Output)

This is a flag which shows that MPU has written data into a specified port. OBF
is set to becomes “0” at the rising edge of WR signal and is set to “1” at the falling
edge of ACK (Acknowledge input) signal.

° ACK (Acknowledge Input)

ACK signal is sent to the PP1 as a response from a peripheral device that
received data from the port.

. INTR (Interrupt Request Output)

When a peripheral device received data from MPU, INTR is set to “1” and the
interrupt is requested to MPU. If ACK signal is received when INTE flag is in the
enable state, OBF is set to “1” and INTR signal becomes “1” immediately after the
rising edge of ACK signal. Further, INTR is reset at the falling edge of WR signal
when data is written into the PPI by MPU.

The INTE flags of Group A and Group B are controlled as follows:

INTEA - Control by bit set/reset of PCypg
INTEB - Control by bit set/reset of PCqg
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MODE 1 (PORT A)

CONTROL WORD PAG7 ~ PAgp <<
D7 D¢ Ds Dg D3 D; Dy Dy PINTE  [pCoy|<— STBA
ool x[x[x] |“[+ — IBFA o
PCos, PC N ’
06, PCo7 _ > INTRA
0= OUTPUT  RD—>g o ——1 v

1= INPUT PCos~ PCos |3 1/0 /’
INTR /1 \

MODE 1 (PORT B)

8 RD (
CONTROL WORD PB; ~ PB |~ /
D; Dg Ds Dg D3 Dy Dy Do CINTE 1 <— STRB PORT \T_j\
Do D [x [l ] x] PCoy [~ 1BFB INPUT Xl

SESSE i S
|~ INTRB 7o

(a)

RD —>d (b)
050489
Figure 6.3 Example of Strobe Inputin Mode 1
MODE 1 (PORT A)
CONTROL WORD PAgy ~ PAGy b
D; Dg Ds Dy D3 Dy Dy Do — OBFA
(1ol i]o o] xx]x] s|<— ACKA _
WR "—\ f I
PCoa, PCos . F—> INTRA OBE
0= OUTPUT  WR-—>d 5 ’
1= INPUT PCgs ~ PCos {51/ 0 _
ACK
MODE 1 (PORT B) \-e—/ l
8
CONTROL WORD PBo7 ~ PBqo {rm INTR /-0——
D7 Dg Ds Dg D3 Dy D1 Do > OBFB z
< IxIx[x[1]o]x] ~— ACKB PORT Y
OUTPUT
_ L INTRB
WR —>C
050489

Figure 6.4 Example of Strobe Outputin Mode 1
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8
PAGy ~ PAgy Ho PAg7 ~ PAgg [
WR—>d PCo7 —> OBFA RD —>¢ PCo4 [«—STBA
CONTROL WORD PCo [<—ACKA CONTROL WORD PCos > IBFA
Dy Dg Ds Dg D3 D Dy Do PCo3 — INTRA D; Dg Ds Dy D3 D; Dy Do PCo3 > INTRA
rTol 1ol ]1]x] ) [tJo[1[1Jwl1]o[x] )
PCyq ~ PCys [ 1/0 PCo7 ~ PCog | 1/0
8 8
PCos, PCys PBo7 ~ PByo |« PCos, PCo7 PBo7 ~ PBoo [7>
0= OUTPUT __ __ 0= OUTPUT —
1= INpUT  RDT>9 PCoz [«—5TBB 1= INUT ~ WR—>g PCoy [—> OBFB
PCoy > IBFB PCo, |<— ACKB
PCgo > INTRB PCoo > INTRB
PORT A - (STROBE OUTPUT) PORT A - (STROBE INPUT)
PORT B - (STROBE INPUT) - PORTB-(STROBEOUTPUT)
0504
Figure 6.5 Example of Port A Output, Figure 6.6 Example of Port A Input,
port B Input in Mode 1 Port B Outputin Mode 1

6.2.3 Mode 2 (Strobed Bidirectional Bus I/O)

In this mode, Port A is used as 8 bits bidirectional bus for data transfer with a
peripheral device. This mode is applicable only to Group A, which consists of an 8-bit
bidirectional bus (Port A 8-bit) and 5-bit control signals (high order 5 bits of Port C). The
bidirectional bus (Port A ) has both the internal input and output registers. When group
A is set in Mode 2, Group B can be set independently. There are 5 control signals as
follows when Group A is used in Mode 2.

[ OBF (Output buffer Full F/F Output)

When MPU writes data into of Port A, OBF is set to “0” to inform a peripheral
device that the PPIis ready to output data. However, Port A is kept in the floating
(high impedance) state until ACK input signal is received.

. ACK (Acknowledge Input)

When ACK signal is set to “0”, the data of the 3-state output buffer of Port A is
send out. If ACK signal is at “1”, Port A is in the high impedance state.

. STB (Strobe Input)

When STB input is set to “0”, the data from peripheral devices are held in the
input latch. When the active RD signal is input into the PPI, the latched input
data are output on the system data bus (D7-Dg).
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[ IBF (Input Buffer Full F/F Output)
When data from peripheral devices are held in the input latch, IBF is set to “1”.

L] INTR (Interrupt Request Output)

INTR is the output to request the interrupt to MPU and its function is the same
as that in Mode 1. There are two interrupt enable flip-flop (INTE), INTE1
corresponds to INTEA in Mode 1 output and INTE2 to INTEA in Mode 1 input.

INTE 1 - Used to generate INTR signal in conjunction with OBF and ACK
signals, and is controlled by PCyg bit set/reset.

INTE2 - Used to generate INTR signal in conjunction with IBF and ST
singals, and is coutrolled by PCpq bit set/reset.

Figure 6.7 shows the operating example and the timing diagram in Mode 2.

——» INTRA OBF
: ’ |
e
INTR >
PCoy OBFA 7
PR —
{INTE 1ipcyg | «— ACKA ACK \_G__J—'—
b \
__. s -
{INTE Hpcoq|[«—— STeA \e——}\ / /
_ PCy5f——> IBFA
WR —>d 0 IBF f ( __
—_ 3
RD —>a | PCoa ~ PCoo [<——>= /0O PORTA e e = = = ~(input DATA)“ «OUTPUT DATAY= = — =
RD \ #

050489

Figure 6.7 Oerating example in Mode 2
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Control Word in Mode 2

D7 De Ds D4 D3 D2 D1 Do
Ll il x I x [ x]w]w]w]
PCp2~PCoo 0 =Output
x =Don't care 1=Input
Port B 0 =Output
1=Input
Group B Mode 0=Mode0
1=Mode 1

050489

Figure 6.8 Control Word and Configuration in Mode 2

Control Words PCo3 —8> INTRA
PCo7~PCqq |~
Dy D¢ Ds Dsg D3 Dy Dy Dg
PCo7 —> OBFA
Lol n | x [ x [ x]o ] 1 ]wm] 07
PCoe [<—— ACKA
PCo2~PCoo PCos |=—— STBA
0 = Output PCos — IBFA
1 = Input
3
RD —> PCp2~PCqo |~ 110
e 8
WR —> PB()7~PBOO e

PortA - Mode2 /O
PortB - Mode O Input

Control Words
D7 Ds D3 D2 D1 Do

G e e T T

PCo3 > INTRA
PCo7~PCoo <—;8‘—>

PCo7 —> OBFA

PCog |<—— ACKA

PCoq4 [=—— STBA

PCos —> IBFA
PBo7~PBog [

PCoy — OBFB

PCgp |~—— ACKB

PCgo — INTRB

—
—

3=

PortA - Mode2 /O
PortB - Mode 1 OQutput

050489

Figure 6.9 Example in Combination with Mode 2 and Other Mode
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6.2.4 Precautions for use in Mode 1and 2

When used in Mode 1 and 2, bits which are not used as control or status in Port C can
be used as follow.

If porgrammed as the input, they are accessed by normal Port C read.

If porgrammed as the output, high order bits of Port C (PC7-PCq4) are accessed using
the bit set/reset function. As to low order bits of Port C (PCp3-PCyqg), in additions to
access by the bit set/reset function, 3 bits only can be accessed by normal writing.

6.3 READING PORT C STATUS

When Port C is used as the control port, that is, when Port C is used in Mode 1 or
Mode 2, the status information of the control word can be read out by a normal read
operation of Port C.

Table 6.3 Status Word Format of Port C

Data Mode D7 Dg Ds D4 D3 D, D4 Do
Mode 1 Input 1/0 1/0 IBFA INTEA | INTRA | INTEB IBFB INTRB
Mode 1 Qutput | OBFA INTEA 1/0 1/0 INTRA INTEB OBFB INTRB
Mode 2 OBFA | INTE1 IBFA INTE2 | INTRA By Group B Mode

050489
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7. ELECTRICAL CHARACTERISTICS
7.1 ABSOLUTE MAXIMUM RATINGS
Symbol Item Rating Unit
Vce Supply Voltage -0.5~7.0 Y
Vin Input Voltage -0.5~Vcc+0.5 v
Pp Power Dissipation 250 mw
TSOLDER Soldring Temperature (10sec) 260 °C
Tsta Storage Temperature - 65~ +150 °C
TopPr Operating Temperature -40~ +85 °C
050489
7.2 DCELECTRICAL CHARACTERISTICS
TA= -40°Cto +85°C, Vcc=5VE10%, Vgs=0V
Symbol Item Test Condition Min. Typ. Max Unit
Vi Input Low Voltage -0.5 - 0.8 Y
A Input High Volitage 2.2 - Vcc+0.5 Y
VoL |OutputLow Voltage loL=2.5mA - - 0.45 Vv
Von1 | Output High Voltage loy = —400pA 2.4 - - Vv
Vo2 |Output High Voltage log= - 100pA Vee-0.8 - - Vv
I Input Leak Current 0=V|N=Vcc - - +10 pA
Output LeaK Current < < _ _ "
loL (High Impedance State) 0=Vour=Vcc £10 A
Darlington Drive VexT = 1.5V _ _ )
Ibar Current Rext=1.1kQ 1.0 50 mA
lct Operating Supply 1/0 cycle Time _ 3.0 50 mA
Current Tusec
. Vig>Vcc-0.2V
lcc2 zfrr;:ntt’y Supply ViL<0.2V - - 10 A
CS>Vcc-0.2V

* Total current of all darlington drive ports must not exceed 60mA.

050489
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7.3 CAPACITANCE ’
TA =25°C, Vcc=Vss =0V |

Symbol Item Test Condition Min. Typ. Max. Unit
CIN Input Capacitance f=1MHz - - 10 pF
Cyo |1/O Capacitance ( - - 20 pF

050489
(*):  All terminals except that to be measured should be earthed.

7.4 ACELECTRICAL CHARACTERISTICS (1/2)
TA = -40°Cto +85°C, Vcc=5V*10%, Vgg=0V

Symbol Parameter A2 A-T0 Unit
Min. | Max.| Min.| Max
tAR Address set-up time for RD fall 0 - 0 - ns
tRA Address hold time for RD rise 0 - 0 - ns
tRR RD pulse width 160 | — 150 - ns
tRD Delay from RD fall to decided data output - 140 | - 100 | ns
tpr Time from RD rise to data bus floating 0 40 0 40 ns
tRv Time from RD or WR rise to next RD or WR fall 200 — 180 | — ns
taw Address set-up time for WR fall 20 — 20 - ns
twa Address holding time for WR rise 0 - 0 — ns
tww WR pulse width 120 — 120 - ns
tow Bus data set-up time for WR rise 100 — 100 - ns
twD Bus data holding time for WR rise 20| — 20 - ns
twa Delay from WR rise to decided data output - 350 - 350 ns
R Port data set-up time for RD fall 0| — 0 - ns
tHR Port data holding time for RD rise 0 - 0 - ns
tak ACK pulse width 30| — 300 | — ns
tsT STB pulse width 350 | — 350 - ns
tps Port data set-up time for STB rise 20 - 20 - ns
tpH Port data holding time for STB rise 150 | — 150 | — ns
tAD Delat from ACK fall to decided data output Delay | — 300 — 300 | ns
v |pas e e epor BEIREE
twos | Delay from WR rise to OBF fall - 300 — 300 | ns
tAOB Delay from ACK fall to OBF rise - 350 — 350 ns
ts18 Delay from STB fall to IBF rise - 300 - 300 | ns

050489
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AC ELECTRICAL CHARACTERISTICS (2/2)

Symbol Parameter A2 A0 Unit
Min. | Max. | Min. | Max.
tRiB Delay from RD fall to IBF rise - 300 — 300 | ns
tRIT Delay from RD fall to INTR fall - 400 | — 400 | ns
tsiT Delay from ACK rise to INTR rise - 300 - 300 ns
tAIT Delay from ACK rise to INTR rise - 350 | — 350 | ns
twiT Delay from WR rise to INTR fall - 450 | — 450 | ns
taC Address set-up time for CSO, CSI fall 0 - 0 — ns
tea Address hold time for CSO, CSl rise 0 - 0 - ns
tec CSO, CSl pulse width 160 - 150 - ns
tcp Delay from CSO, CSi fall to decided data output — | 140 — | 100 | ns
tpFC Time from CSO, CSl rise to data bus floating 0 40 0 40| ns
Tew CSO, CSl set-up time for R/ W fall - 0 - 0] ns
Twc SO, CST holding time for RAW rise - 50 - 50| ns
tc Port data set-up time for CSO, CSI fall 0 - 0 - ns
the Port data holding time for CSO, CSl rise 0 - 0 - ns
tciB Delay from CSO, CSi fall to IBF rise — | 300 — | 300 ns
torT Dekay from €SO, TSl fall to INTR fall Delay — | 400 — | 400 | ns
tRES RESET pulse width 500 - 500 - ns
050489
Note 1:

A-2 . TMP82C255AN-2, TMP82C265AF-2
A-10 : TMP82C255AN-10, TMP82C265AF-10
Note 2:
Following AC specifications of TMP82C255A are applied to the logical AND timing between
R/W terminal and CSO0 or CST terminal.

Symbol

Taw Twa Tow Twp

Twe Tew Twc

050489
Note 3:

AC Measuring Point Input Voltage Vig=2.4V,Vj,=0.45V
Output Voltage Vog=2.2V, Vo[, =0.8V
CL=150pF.
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8.1 TMP82C255A TIMING DIAGRAM (1)
MODE 0 INPUT OPERATION
R/W
tcc
TS0, T51 X
tic the
INPUT
tac tca
A1, Ag
D7~Dp === === ==— === === = X y——--
tco tDFC
MODE 0 OUTPUT OPERATION +
R/W | W
tew T twc
€S0, CST )L 7}(
. tww or tcc
__R/W and X £
(CSO or CS1)
tow twp
D7~Do y
taw twa
A1, Ao
OUTPUT B
tws

050489

Figure 8.1 TMP82C255A Timing diagram (1)
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MODE 1 INPUT OPERATION

tps tpH
INPUT PORT
DATA
tsT «
STB ——'——"’Nﬁ 7( 7
tsi8
)
IBF Jr__—
tar tas |

tsiT
INTR 1 — EL

tcc
{
T30, TST =y i
R/W
MODE 1 OUTPUT OPERATION
 _ tew twe
S0, TS1 —EL‘——’ **‘—‘:L
tww
_— 4
R/W X £
twiT ) twos tAIT
INTR ' 7!"‘_'—"'
L
1
QUTPUT S
PORT DATA 4
twa
X taoB
OBF
'i__._gg_....___]i
. tak
ACK ,S—! ——
R

050489

Figure 8.1 TMP82C255A Timing diagram (2)
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MODE 2 BIDIRECTION

OPERATION 4\
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Figure 8.1 TMP82C255A Timing diagram (3)
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TOSHIBA TMP82C255A/TVIP82C265A

8.2 TMP82C265A TIMING DIAGRAM (1)
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Figure 8.2 TMP82C265A Timing diagram (1)
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TOSHIBA TMP82C255A/TMP82C265A
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Figure 8.2 TMP82C265A Timing diagram (2)
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TOSHIBA TMP82C255A/TMP82C265A

MODE 2 BIDIRECTION OPERATION
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Figure 8.2 TMP82C265A Timing diagram (3)
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TOSHIBA TMP82C255A/TMP82C265A

9. OUTLINE DRAWINGS
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Note: Each lead pitch is 1.78mm, All leads are located within 0.25mm of their trve longitudical
position with respect to No.1 and No.64 leads.
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SALES SUBSIDIARIES

Toshiba America Electronic Components, Inc.
Irvine Head Office
9775 Toledo Way, Irvine, CA 92718, U.S.A.
Tel. (714) 455-2000 Fax: (714) 859-3963
Eastern Area Office
25 Mall Road, 5th Floor,
Burlington, MA 01803, U.S.A.
Tel.: (617) 272-4352, 5548 Fax: (617) 272-3089
South Eastern Regional Office
Waterford Center 5555, Triangle Parkway
Ste 300 Norcross, GA 30092, U.S.A.
Tel.: (404) 368-0203 Fax: (404) 368-0075
North Western Office
1220 Midas Way, Sunnyvale, CA 94086, U.S.A.
Tel.: (408) 737-9844 Fax: (408) 737-9905
ASIC Marketing Office
1220 Midas Way, Sunnyvale, CA 94086, U.S.A.
Tel.: (408) 733-3223 Fax: (408) 733-4539
South Western Regional Office
15621 Redhill Ave., Suite 205
Tustin, CA 92680, USA
Tel.: (714) 259-0368 Fax: (714) 259-9439
Central Area Office
One Parkway North, Suite 500, Deerfield,
IL 60015-2547, U.S.A.
Tel.: (708) 945-1500 Fax: (708) 945-1044
South Central Regional Office
777 East Campbell Rd., Suite 650,
Richardson, TX 75081, USA
Tel.: (214) 480-0470 Fax: (214) 235-4114
Fishkill Sales Office
RR 1 Box 6E, Windsor Park,
Fishkill, NY. 12524, U.S.A.
Tel.: (914) 896-6500 Fax: (914) 297-6851
Boca Raton Sales Office
1200 N. Federal Highway Suite 407,
Boca Raton, FL 33432, U.S.A.
Tel.: (305) 394-3004 Fax: (305) 394-3006
Detroit Office
1000 Prudential Town Center, Suite 2160,
Southfield, M 48075, U.S.A.
Tel.: (313) 827-7700  Fax: (313) 827-4444
Portland Field Office
1700 NW 167 Place, Suite 240,
Beavertown, OR 97006, U.S.A.
Tel.: (503) 629-0818 Fax: (503) 629-0827
Marlton Field Office
One Greentree Center, Suite 201,
Marlton, NJ 08053, U.S.A.
Tel.: (609) 985-3737 Fax: (609) 596-8359

Toshiba Electronics Europe GmbH
Diisseldorf Head Office
Hansaallee 181, 4000 Disseldorf 11,
F.R. Germany
Tel.: (0211) 5296-0 Fax: (0211) 5296-400
Telex: 8582685
Liaison Offices

1ro Bad

g

Ettinger Str. 61

D-7250 Leonberg, F.R. Germany

Tel.: (07152) 21061-66 Fax: (07152) 27658

Telex: 7245706
Buro ML 33hv.

8000 Miinchen 81, F.R. Germany

Tel.: (089) 928091-0 Fax: 089-9280942

Telex: 5212363

Toshiba Electronics (UK) Limited
Riverside Way, Camberley,
Surrey GU 15 3YA, U K.
Tel.: 0276-694600 Fax: 0276-691583

Toshiba Electronics Scandinavia AB
Gustavslundsvagen 141, 4th Floor
S-161 15 Bromma, Sweden
Tel.: 46-8-704 0900 Fax: 46-8-80 8459
Telex: 14169 TSBSTK S
(Mailing Address: P.O. Box 15031
S-161 15 Bromma Sweden)

Toshiba Electronics France SARL

Immeuble Robert Schumann, 3 Rue de Rome,
93561 Rosny-Sous-Bois Cedex

Tel.: (1) 48 94 20 20 Fax: (1) 48 94 51 15
Teles: 232 030

Toshiba Electronics Italiana S.R.L.
Centro Direzionale Colleoni Palazzo Orione-
Ingresso 3 (3° Piano) 20041 Agrate
Brianza (Milano), Italy
Tel.: 039-6057234 Fax: 039-6057252
Telex: 326423 SIAVBC

Toshiba Electronics Espaiia, S.A.
Torres Heron Plaza Colén No. 2. Torre II,
Planta 6-Pte-2,
28046 Madrid, Spain
Tel.: (1) 53-25-846 Fax: (1) 41-91-266
Telex: 44672 TOSHE (E)

Toshiba Electronics Taiwan Corp.
Taipei Head Office
8F, Min Sheng Chan-kwo Building, 348-350 Min Sheng
East Road Taipei, Taiwan
Tel.: 02-502-9641 Fax: 02-503-7964
Telex: 26874 TETTP
Kaohsiung Office
16F-A Chung-Cheng Building
No. 2 Chung-Cheng 3rd. 80027, Kaohsiung
Tel.: (07) 241-0826 Fax: (07) 282-7446

Toshiba Electronics Asia, Ltd.
Hong Kong Head Office
10th Floor, Sun Plaza, Canton Road, Tsimshatsui,
Kowloon, Hong Kong
Tel.: 3-721-6111 Fax: 3-739-8969
Telex: 38501 TSBEH HX
Seoul Branch Office
Room 1061, Chamber Building, 45, 4-KA
Namdaemun-Ro, Chung-Ku, Seoul, Korea
Tel.: (2) 757-2472~4 Fax: (2) 757-2475
Singapore Branch Office
460 Alexandra Road #21-00, PSA Building,
Singapore 0511
Tel.: 278 5252 Fax: 271 5155
Shanghai Branch Office
Room 2612 26F, Rui Jin Building,
205 Mao Ming South Road, Shanghai, China
Tel.: 86-21- 4334077 86-21-4334131
Fax: 86-21-4333928
Bangkok Office
8/F, Thai Wah Tower, 21/20 South Sathorn Road,
Tungmahamek, Yannawa, Bangkok 10120, Thailand
Tel.: (2) 240-9447 Fax: (2) 240-9446

OVERSEAS OFFICES

Séo Paulo:
Toshiba Brasileira Representacoes Ltda.
Av., Paulista, 807, 21 Andar Cjto 2106,
Cerqueira Cesar,
Cep. 01311-S&o Paulo-S.P.-Brasil
Tel.: 283-4511, 4714, 4964 Fax: (11) 251-4104

Beijing:
Toshiba Corporation Beijing Office

Room 1622/1624 Beijing Hotel, Dong Chang An Jie,

Beijing, The People’s Republic of China
Tel.: (01)55-4179, 4768 Fax: (01)513-7019

Telex: 22807 TOSPK CN Cable: TOSHIBA PEKING

Guangzhou:
Toshiba Corporation Guangzhou Office
Room 1161-1162 China Hotel, Office Tower, Liu Hua, Lu,
Guangzhou, The People’s Republic of China
Tel.: (020)677420, 677800
Fax: (020)67-7427 Telex: 44585 TSBGZ CN
Cable: TOSHIBA GUANGZHOU

MANUFACTURING SUBSIDIARIES AND JOINT VENTURES j

Toshiba America Electronic Components, Inc.
Microelectronics Center
1220, Midas Way, Sunnyvale, CA 94086, U.S.A.
Tel.: (408) 739-0560 Fax: (408) 746-0577
Telex: 346378

Toshiba Display Devices Inc.
Wesungnouse Circle, Horseheads, New York
14845, US.A.
Tel.: (607) 796-3500 Fax: (607) 796-3564

Industria Mexicana Toshiba, S.A.
Calzada de Guadalupe, No. 303, Cuatitlan,
Edo de Mexico, Mexico
Tel.: 5-65-00-88 Telex: 017-72-560
Cable: Toshiba Mexico

Toshiba Semiconductor G.m.b.H.
Grotrian-Steinweg Str. 10, 3300
Braunschweig, F.R. Germany
Tel.: (0531) 31-0060 Fax: (0531) 31006139
Telex: 952368 TSCD

Toshiba Electronics Malaysia Sdn. Bhd.
42057 Telok Panglima, Grang, 15KM Klang-Banting
Road, Kuala Langat Selangor, Malaysia
Tel.: 03-352-6001-7 Fax: 03-352-6139
Telex: TOEL MA 39506
Penang Branch Office
Lot 2.08 2nd Floor, Wisma Chocolate Products,
41 Adoo Sittle Lane Panany 10400, Malaysia
Tel.: 04-368523, 04-368529 Fax: 04-368515
Kuala Lumpur Branch Office
6th Floor, Main Tower Block, Wisma Mcis, Jalan Barat
46200 Petaling Jaya, Malaysia
Tel.: 03-7565561 Fax: 03-7565409

Toshiba Display Devices (Thailand) Co., Ltd.
201 Vibhavadee Rangist Road, Ladyao Sub-district,
Bangkhen District, Bangkok
Tel.: (2)513-4260 Fax: (2)513-4260
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The information in this guide has been carefully checked and is believed to be reliable. however

no responsibility can be assumed for inaccuracies that may not have been caught.

All information in this guide is subject to change without pnor notice. Futhermore.

Toshiba cannot assume responsibility for the use of any license under the patent nghts of Toshiba or any third parties

TOSHIBA

TOSHIBA CORPORATION

INTERNATIONAL OPERATIONS—ELECTRONIC COMPONENTS
1-1, SHIBAURA 1-CHOME, MINATO-KU, TOKYO, 105-01, JAPAN

Tel.: (03)457-3495 Fax: (03)451-0576 Telex: J22587







TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
REGIONAL SALES OFFICES

NORTHWEST REGION CENTRAL REGION EASTERN REGION

1220 Midas Way One Parkway North 25 Mall Road

Sunnyvale, CA 94086 Suite 500 5th Floor

TEL: (408) 737-9844 Deerfield, IL 60015-2547 Burlington, MA 01803

FAX: (408) 737-9905 TEL: (708) 945-1500 TEL: (617) 272-4352
FAX: (708) 945-1044 FAX: (617) 272-3089
TWX: 29-7131 TWX: 710-321-6730

SOUTHWEST REGION
15621 Redhill Ave.

Suite 205 SOUTHCENTRAL REGION SOUTHEASTREGION
Tustin. CA 92680 777 E. Campbell Road Waterford Centre
TEL: (‘714) 259.0368 Suite 650 5555 Triangle Parkway
: ) Richardson, TX 75081 Suite 300
FAX: (714) 259-9439 TEL: (214) 480-0470 Norcross, GA 30092
FAX: (214) 235-4114 TEL: (404) 368-0203

FAX: (404) 368-0075
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